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ABSTRACT
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Objectives: To establish retrospectively the relation
between the histopathologic grade of colorectal
liver metastasis and apparent diffusion coefficient
(ADC) values of hepatic metastases of colorectal
adenocarcinomas.

Methods: The diagnoses of liver metastases were
confirmed with biopsy, surgery, and follow-up
imaging findings. Twenty-six patients with 94 liver
metastasis were included in the study. Of 94 masses,
59 were poorly-differentiated adenocarcinoma, 18 were
moderately-differentiated adenocarcinoma, and 17
were well-differentiated regarding the diameters, ADC
values, and ratio index (RI) values. Kolmogorov-smirnov
normality test, Kruskal-wallis analysis of variance,
Mann-Whitney U test with Bonferroni correction,

OPEN ACCESS

Spearman correlation analysis, and receiver operating
characteristics curve methods were applied to evaluate
the statistical relations.

Results: There was a statistically significant difference in
terms of ADC values and RI between poorly-differentiated
adenocarcinoma and moderately-differentiated
adenocarcinoma plus well-differentiated adenocarcinomas.
Poorly-differentiated adenocarcinomas have the lowest ADC
values and highest RI values among other groups.

Conclusion: Use of ADC values alone can be executed
for the diagnosis of focal hepatic masses and also can aid
in the differentiation of benign and malignant hepatic
lesions.
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In the recent years, the importance of diffusion
weighted imaging (DWI) has been increasing
gradually in the diagnosis and characterization of liver
masses.'” It is well known that apparent diffusion
coefhicient (ADC) values change depending on the mass
cellularity of focal liver lesions. In this research, we aim
to evaluate the association between the histopathologic
grade of colorectal liver metastasis and ADC values
in liver metastases of colorectal adenocarcinomas
retrospectively.
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Methods. In our study, we retrospectively
reviewed the MRI results of patients with colorectal
adenocarcinoma who were recorded in Ankara Ataturk
research hospital’s picture archiving and communication
system between January 2012 and November 2013.
The total sampled size was 50 patients. The MRIs were
handled by 1.5 T MR, 32 mT gradient strength unit
(Achieva, Philips Healthcare, Best, The Netherlands)
with phased-array torso XL coil and all images were
evaluated by a radiologist with 12 years experience
in handling MR. Diffusion weighted imaging was
performed in the transverse plane by using a spin-echo,
echo-planar imaging sequence with fat suppression and
breath-hold acquisition. The parameters were repetition/
echo inversion time of 12000/100/2200 msec., diffusion
gradient encoding in 3 orthogonal directions; gradient
amplitude (b-value): 0-800 s/mm?, field of view was
385 mm, matrix size was 160-110 pixels, section
thickness was 6 mm, section gap was 1 mm, and the
number of signals acquired was 1. Diffusion weighted
imaging scans were acquired before contrast-enhanced
T1-weighted imaging and the acquisition time was
2.23 min. The diagnoses of liver metastases were
confirmed with biopsy, surgery, and follow-up images.
Ten patients had a lung and mesenteric lymph node
metastasis without any hepatic invasion, 10 patients had
no DWI and ADC-mapping analysis in their routine
abdominal MRI, and 4 patients had an abdominal
MRI with poor image quality. Therefore, 24 patients
were excluded from the study. Exclusion criteria were
the presence of other metastasis without any liver
metastasis, poor image quality of DWI, ADC mapping
analysis, and abdominal MR exams without any ADC
analysis.

Twenty-six patients with 94 liver metastasis were
included in this study. Eleven patients were females
(42.3%) and 15 were males (57,7%). The mean age
was 62.76 + 7.17. Metastases were re-evaluated in 26
patients, all hepatic masses were between 9-111 mm
with a mean diameter of 27.04 + 19.50 mm. Inclusion
criteria was the presence of any proper hepatic masses of
colonic adenocarcinomas with clear ADC values. In 6
patients, single hepatic masses were observed and these
lesions were confirmed histopathologically via biopsy,
the remaining 88 hepatic metastasis in 20 patients were
diagnosed by follow-up. Follow-up imaging period
was one month to 18 months, one month interval was
considered the minimum time to assess the lesions as
metastasis. The histopathological criteria for neoplastic
grading is the measurement of cellular anaplasia
(reversion of differentiation) and this increases with the
lack of cellular differentiation, it reflects how much the
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tumor cells differ from the cells of the normal tissue
they have originated from.*?

As a control group, 82 adult volunteers with normal
healthy liver were included in the study. Their hepatic
healthiness were assessed and confirmed by blood
laboratory tests (hepatic function tests). All volunteers
wereselected relyingon theageand gender. Measurements
were made by rounded region of interest in the areas far
from vascular structures, ADC values of normal liver
were obtained. In addition, maximum diameter values
were recorded for all 3 groups.>® Region of interests
(ROI) were positioned in the hepatic metastatic lesions
and the average ADC values were calculated. In the larger
and heterogeneous lesions with necrosis, hemorrhage,
calcification, and so forth, ROIs were positioned to the
homogeneous solid parts in order to clearly measure
the ADC. Among 94 masses, 59 (62.8%) were poorly-
differentiated adenocarcinoma, 18 (19.1%) were
moderately-differentiated adenocarcinoma, and 17
(17%) were well-differentiated. Poorly, moderately, and
well-differentiated masses were investigated according
to diameters, ADC values, and ratio index (RI) values.
Kolmogorov-Smirnov normality test was applied to
evaluate the distribution characteristics of the variables.
Depending on the normality test results, non-parametric
statistical analysis methods were applied throughout
the study. Kruskal-Wallis analysis of variance test was
applied to understand the significance differences
among all groups. Significance of pairwise differences
was investigated with Mann-Whitney U test with
Bonferroni correction. Descriptive statistics of variables
were presented as median (minimum-maximum). To
understand the possible correlations among variables,
Spearman correlation analysis was used. Receiver
operating characteristics (ROC) curve method was also
applied to evaluate the possible cut-off values among
study groups. Area under the ROC curves (AUC),
sensitivity, and specificity values for each cut-off values
were calculated. Statistical analysis was performed using
the Statistical Package for Social Sciences (SPSS Inc.,
Chicago, IL, USA) version 22 software. A p-value of
<0.05 was considered statistically significant.

Results. Statistical description of all variables of
3 groups were shown in Table 1. Apparent diffusion
coefficient value of control group was measured as
1.04+0.11 and compared with average ADC values of
the masses ratio index (RI). Lowest healthy ADC value
of liver measured was 0.78, while the maximum ADC
value was 2.2. When the values of these 3 groups were
analyzed according to mass diameters, there was no
statistically significant difference between the groups
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(p=0.111). Graphics of mass diameter variations are
shown in Figure 1. There was a statistically significant
difference (p=0.02) between all groups in terms
of ADC values of masses. There were statistically
significant difference in terms of ADC values between
poorly-differentiated and moderately-differentiated
adenocarcinomas and  also  between  poorly-
differentiated and well-differentiated adenocarcinomas
(p=0.02). Poorly-differentiated adenocarcinomas had
lower ADC values of masses when compared with
both moderately-differentiated and well-differentiated
groups. There was a significant difference for RI
values between these groups as we observed in ADC
values of masses. Statistically significant difference was
observed for RI values between poorly-differentiated
and moderately-differentiated adenocarcinomas and
between poorly-differentiated adenocarcinoma and
well-differentiated adenocarcinoma (p=0.008). Poorly-
differentiated adenocarcinomas have significantly
higher RI values with regard to both moderately and
well-differentiated groups. In the well-differentiated
adenocarcinoma group, significant positive correlation
was observed between mass diameter variable and ADC
values (r=0.569, p=0.006). Mass diameters showed
significant negative correlation with RI values (r=0.569,
=0.000). In addition, for the moderately-differentiated
adenocarcinoma group, similar significant correlations
were observed. Significant positive correlation was
found between mass diameter variable and ADC values
(r=0.526, p=0.015). Mass diameters showed significant
negative correlation with RI (r=0.526, »=0.015).
Conversely, there was not any significant correlation
between mass diameter and mass ADC variables or
RI variable (p=0.07). Finally, analyses of ROC curves
indicated whether the mass diameters and ADC values
of moderately-differentiated and well-differentiated
adenocarcinomas can distinguish them from poorly-
differentiated adenocarcinomas. Regarding to the mass
diameter and ADC values, ROC curves were drawn for
poorly-differentiated and well-differentiated groups.
Area under the ROC curves below the mass diameter
for poorly-differentiated and well-differentiated groups

was 0.53. The area under the ROC curve of ADC
value was 0.83. A cut-off value was not suggested for a
mass diameter between poorly and well-differentiated
adenocarcinoma groups due to the low ROC curve area
(0.53). For 0.83 AUC, an appropriate cut-off value,
0.665 was determined for ADC value of masses, with
regard to sensitivity (87.5%) and specificity (69.5%).
A similar ROC curve analysis was performed for poorly-
differentiated and moderately-differentiated groups. The
area under the mass diameter for poorly-differentiated
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Figure 1 - Graphics showing the A) mass diameter of the groups (there
is no statistically significant difference between groups) and
the B) mass apparent diffusion coefficient values. *difference
according to poorly-differentiated adenocarcinoma (p<0.05),
and C) ratio index of the groups. ADC - apparent diffusion

coefficient

Table 1 - Descriptive statistics concerning mass diameters, mass differentiation, and ratios of the groups.

Variables
metastasis (n=59)

Poorly-differenciated  Moderately-differenciated

Well differenciated

metastasis (n=16) metastasis (n=19)

25 cm (9 - 80)
0.60 (0.30 - 1.00)
1.73 (1.04 - 2.97)

Metastasis diameter
Metastasis ADC
Ratio

29 cm (10-111)
0.76 (0.43 - 0.93)
1.37 (1.12 - 2.42)

23.5 cm (12 - 40)
0.78 (0.65 - 0.88)
1.34 (1.18 - 1.60)

ADC - apparent diffusion coefficient
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and moderately-differentiated groups was 0.62. The
area under the ROC curve was 0.66. Conforming to
these results, the most appropriate cut-off value for mass
diameter between poorly and moderately-differentiated
adenocarcinoma was 21.5. As poorly and moderately-
differentiated groups were differentiated as per diameter
values, the sensitivity of the analysis was 73.7% and the
specificity was 44.1%. The most appropriate cut-off
value was 0.605 for ADC values of masses with 78.9%
sensitivity and 52.5% specificity. Examples of metastasis
of colonic adenocarcinomas were shown in Figures 2-3.

Discussion. Liver is the second most common
organ for metastatic spread after lymph nodes.* In
70% of all colorectal carcinomas, hepatic metastasis
was presented at the diagnosis.” Hepatic metastasis
can be seen in any segment of the liver.® Diffusion
weighted imaging is routinely implemented in many
centers in addition to conventional MRI sequences.®
It is widely used method in the diagnosis of early
ischemia in cerebrovascular events, in cranial tumors
and infections.”” The implementation of the method is
increasing gradually in the evaluation of other parts of

Figure 2 - Two poorly-differentiated metastatic masses in right hepatic
lobe of posterior segment 6 and moderately-differentiated
metastatic mass in segment 7 of right posterior lobe, indicated
by arrows (diffusion weighted imaging and apparent diffusion
coeflicient mapping).
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Figure 3 - Moderately-differentiated metastatic mass in segment 7 and
well-differentiated metastatic mass in segment 5 (diffusion
weighted imaging and apparent diffusion coeflicient
mapping).



DWI-ADC mapping for hepatic metastasis ... Metin et al

A ROC Curve
1.0
Source of
the Curve
— Kitle_Cap
——Kitle_Diff
0.84
z. 0.6+
2
=
7]
c
[
n g4
0.2
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

B ROC Curve
1.0
Source of
the Curve
—Kitle_Cap
— Kitle_Diff
0.8
2 067
3
=
w
c
]
wv 0.4
0.2+
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Diagonal segments are produced by ties.

Figure 4 - Receiver operating characteristics curves showing the A) mass diameter and apparent diffusion coefficient (ADC) values of masses for poorly
and well-differentiated groups and B) poorly and moderately-differentiated groups with regard to diameter and ADC values of masses.

the body. For the first time in 1994, Muller et al'® used
DWTI for the diagnosis of focal and diffuse diseases of
spleen, muscle tissue, and liver that revealed significant
results with regard to healthy organ values. In the
following years, diffusion coefliciency of tissues and
lesions were calculated by DWTI and it was shown that
the different ADC values could be strictly beneficial
in the differential diagnosis.""" Diffusion weighted
imaging has significant contributions in the diagnosis
of lesions and monitoring the response of oncology
patients to treatment. There were few previous reports
on DWI, determining and characterizing hepatic focal
lesions.

Lower ADC values may represent hyper-cellularity, or
malignancy. Therefore, DWI can be useful in predicting
tumor grade or histopathological tissue differentiation.
Diffusion velocity decreases by the increase of tissue
cellularity. Previous study® has shown that tumors
with high cellularity have high metastatic capacity.
Adenocarcinomas can be classified as well, moderately,
and poorly-differentiated, or as low and high graded
according to the dominancy of glandular structures.
Well and moderately-differentiated adenocarcinomas
are accepted as low grade, and poorly-differentiated
adenocarcinomas are accepted as high grade.”® In
our study, differentiation levels obtained from the
histopathologic ~ examination of adenocarcinoma
metastasis are compared with the ADC values and a
statistically significant difference was observed between
poorly-differentiated ~ adenocarcinoma, well and
moderately-differentiated adenocarcinomas (p<0.05).

Poorly-differentiated ~ adenocarcinoma  group  has
significantly lower ADC values compared with the both
moderately and well-differentiated groups. However,
there was no significant statistical difference between
ADC values of well and moderately-differentiated
adenocarcinomas. Likewise, statistically significant
differences were observed between poor and moderately-
differentiated adenocarcinoma, and between poor and
well-differentiated adenocarcinoma (p<0.05) in terms
of Rl values. The poorly-differentiated adenocarcinoma
group had significantly higher RI values when
compared with both moderately-differentiated and
well-differentiated groups.

The results obtained from this study indicated
compatibility on histopathologic classification of
adenocarcinomas. As mentioned before, well and
moderately-differentiated ~ adenocarcinomas — were
accepted as low grade and poorly-differentiated
adenocarcinomas as high grade.'® The mean ADC value
was 0.60 in poorly-differentiated adenocarcinoma in
which glandular tissue density was low and the mean
ADC values of moderately adenocarcinomas was 0.76
and well-differentiated was 0.78. The ADC values
calculated for moderately and well-differentiated
adenocarcinomas had a coincidence with a great extent.
In the ROC curves of poorly-differentiated and well-
differentiated groups, cut-off value for ADC was 0.665
with 87.5% sensitivity and 69.5% specificity. Although
the cut-off value for ADC was 0.605 between poorly
and moderately-differentiated adenocarcinoma groups,
the sensitivity was 78.9% and specificity was 52.5%.
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Hayashidaetal defined thathistologic features of the
brain metastasis can be predicted by DW1signal changes,
and ADC values reflected cellularity of brain tumors.
In recent years, the importance of quantitative ADC
values gradually increased in the differential diagnosis
of hepatic lesions, mean ADC values for focal lesions, or
normal liver parenchyma showed differences in various
studies. Goshima et al*® reported that ADC values of
metastasis were between 0.94-2.85x10% mm?/sec and
ADC values of normal liver parenchyma were between
0.69-2.28 x10* mm?/sec, We found the mean ADC
value for normal liver parenchyma as 1.04 + 0.11
among 82 patients. The variability in ADC values was
dependent upon the selected b-value (0-800) and to
other technical parameters. Low b-values (<400) might
cause high ADC values than assumed, and high b-values
predicted low ADC values than assumed. Thus, MRI,
DWI, and ADC mapping should be standardized. Also,
DW1I was not sufficient alone in the differential diagnosis
of hepatic masses. Remarkably, cystic-necrotic changes
inside the solid lesions might cause alterations in ADC
values, and DWI examination should be evaluated
together with other conventional MRI findings.*'*
It was also reported that there was overlapping of
ADC values between benign hepatic masses, primary
hepatic malignant masses, and metastasis.'"**** In
our study, mean ADC values of moderately and well
differentiated adenocarcinomas correlated to each
other. Higano et al”’ reported that mean ADC values of
liver metastasis were 1.00 x 10° mm?/sec with b-values
of 400 to 800. Hardie et al*® stated that DWI could
be an alternative method to contrast enhanced MRI
for detecting liver metastasis. It was also reported that
DWI combined with conventional MRI, which was
performed by using hepatocyte-specific agent was more
convenient than DWI alone especially for detecting
small colorectal tumor metastasis.”” In our study, there
was no statistically significant correlation between mass
dimensions and ADC values. Feurlein et al*! reported
that ADC measurements also had an important role
in detecting malignancy with addition to history,
demography, and clinical findings. Ichikawa et al
revealed that DWT had higher sensitivity and specificity
in the detection of colorectal tumors. Tauli et al® also
reported that metastatic masses had the lowest ADC
values among hepatic masses. Likewise, there were
several studies'****3! indicating that ADC values were
significantly lower in the other abdominal malignancies.

Quan et al** was reported that there was not
a significant difference between adenocarcinoma
metastasis and HCC, the difference between mass ADC
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and liver parenchyma ADC was found to be significant
(mean ADC in 11 HCC patients [0.93 + 0.06] and
mean ADC in 27 metastasis [1.09 + 0.18]) In our study,
there was statistically significant differences between
ADC values for both adenocarcinoma metastasis and
both between mass ADC values and liver ADC ratios.
Magnetic resonance imaging, diffusion weighted MRI,
and ADC values of hepatic metastases of gastrointestinal
system malignancies were covered in this study, and
some important and reliable informations were tried to
be contributed to the relevant literature.

Main implication points of this research were the
diagnosis of focal hepatic masses can be determined by
ADC values solely in order to distinguish benign and
malignant metastatic hepatic tumors.

Study limitations. The retrospective study design,
which affects the statistics may cause bias to the results
and may attenuate the implication of this study. Further
study and validation by larger prospective are needed.
1.5 T with lower b-value (<400) may also limit the main
aid and diagnostic potentials of this study; however,
3.0 T MR scanners and high b-value use (2000-3000)
may provide more appropriate ADC values to assess the
histopathological grading of liver metastasis of colonic
tumors.

In conclusion, standardization of DWI can be
provided together with the technical improvements
in MRI and the differential diagnosis of focal hepatic
masses can even be determined by ADC values alone
to distinguish benign and malignant hepatic masses,
whether it is primary or metastatic. In larger serial
studies, cellularity of metastatic masses in addition to
differentiation degrees can be determined.

References

1. Boulanger Y, Amara M, Lepanto L, Beaudoin G, Nguyen BN,
Allaire G, et al. Diffusion-weighted MR imaging of the liver of
hepatitis C patients. NVMR Biomed 2003; 16: 132-136.

2. Bianco E Fattapposta F Locuratolo N, Pierallini A, Rossi M,
Ruberto F, et al. Reversible diffusion MRI abnormalities and
transient mutism after liver transplantation. Neurology 2004;
62: 981-983.

3. Geschwind JE Artemov D, Abraham S, Omdal D, Huncharek
MS, McGee C, et al. Chemoembolization of liver tumor in a
rabbit model: assessment of tumor cell death with diffusion-
weighted MR imaging and histologic analysis. J Vasc Interv
Radiol 2000; 11: 1245-1255.

4. Anadol N. Value of Diffusion-weighted MRI in the
discrimination of benign and malignant hepatic lesions, with
regard to Positron Emission Tomography. Doctorate Thesis.
Sisli Etfal Education and Research Hospital; 2007.

5. Manfredi S, Lepage C, Hatem C, Coatmeur O, Faivre ], Bouvier
AM. Epidemiology and management of liver metastases from
colorectal cancer. Ann Surg 2006; 244: 254-259.


http://www.ncbi.nlm.nih.gov/pubmed/12884356
http://www.ncbi.nlm.nih.gov/pubmed/12884356
http://www.ncbi.nlm.nih.gov/pubmed/12884356
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwibpeGu1LXLAhWHXhoKHbFMDPAQFggbMAA&url=https%3A%2F%2Fwww.neurology.org%2Fcontent%2F62%2F6%2F981%2Freply&usg=AFQjCNE72SRZVSm7Ho44eBAH_bNVNAPw1A
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwibpeGu1LXLAhWHXhoKHbFMDPAQFggbMAA&url=https%3A%2F%2Fwww.neurology.org%2Fcontent%2F62%2F6%2F981%2Freply&usg=AFQjCNE72SRZVSm7Ho44eBAH_bNVNAPw1A
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwibpeGu1LXLAhWHXhoKHbFMDPAQFggbMAA&url=https%3A%2F%2Fwww.neurology.org%2Fcontent%2F62%2F6%2F981%2Freply&usg=AFQjCNE72SRZVSm7Ho44eBAH_bNVNAPw1A
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwibpeGu1LXLAhWHXhoKHbFMDPAQFggbMAA&url=https%3A%2F%2Fwww.neurology.org%2Fcontent%2F62%2F6%2F981%2Freply&usg=AFQjCNE72SRZVSm7Ho44eBAH_bNVNAPw1A
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi47afR1LXLAhWIuRoKHRXoBhAQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F11099235&usg=AFQjCNFqnYdequbEBvUBWZcUNGG_cIM3Og
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi47afR1LXLAhWIuRoKHRXoBhAQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F11099235&usg=AFQjCNFqnYdequbEBvUBWZcUNGG_cIM3Og
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi47afR1LXLAhWIuRoKHRXoBhAQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F11099235&usg=AFQjCNFqnYdequbEBvUBWZcUNGG_cIM3Og
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi47afR1LXLAhWIuRoKHRXoBhAQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F11099235&usg=AFQjCNFqnYdequbEBvUBWZcUNGG_cIM3Og
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi47afR1LXLAhWIuRoKHRXoBhAQFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F11099235&usg=AFQjCNFqnYdequbEBvUBWZcUNGG_cIM3Og
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjT9bSE1bXLAhXMmBoKHW1qCr0QFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F16858188&usg=AFQjCNF89jngNT406s0y_vfB-qaeTgeTbQ
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjT9bSE1bXLAhXMmBoKHW1qCr0QFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F16858188&usg=AFQjCNF89jngNT406s0y_vfB-qaeTgeTbQ
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjT9bSE1bXLAhXMmBoKHW1qCr0QFggbMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F16858188&usg=AFQjCNF89jngNT406s0y_vfB-qaeTgeTbQ

6.

7.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

DWI-ADC mapping for hepatic metastasis ... Metin et al

Sodickson DK, Tailored SMASH image recontruction for
robust in vivo paralel MR imaging. Magn Reson Med 2000; 44:
243-251.

Bammer R. Basic principles of diffusion-weighted imaging. Eur
J Radiol 2003; 45: 169-184.

Naganawa S, Kawai H, Fukatsu H, Sakurai Y, Aoki I, Miura
S, et al. Diffusion-weighted imaging of the liver: technical
challenges and prospects for the future. Magn Reson Med Sci
2005; 4: 175-186.

. Charles-Edwards EM, deSouza NM. Diffusion-weighted

magnetic resonance imaging and its application to cancer.
Cancer Imaging 2006; 6: 135-143.

Muller ME, Prasad B, Siewert B, Nissenbaum MA, Raptopoulos
V, Edelman RR. Abdominal diffusion mapping with use
of a whole-body echo-planar system. Radiology 1994; 190:
475-483.

Kim T, Murakami T, Takahashi S, Hori M, Tsuda K, Nakamura
H. Diffusion-weighted single-shot echoplanar MR imaging for
liver disease. AJR Am J Roentgenol 1999; 173: 393-398.
Ichikawa T, Haradome H, Hachiya J, Nitatori T, Araki T.
Diffusion-weighted MR imaging with a single-shot echoplanar
sequence: detection and characterization of focal hepatic lesions.
AJR Am J Roentgenol 1998; 170: 397-402.

Namimoto T, Yamashita Y, Sumi S, Tang Y, Takahashi M.
Focal liver masses: characterization with diffusion-weighted
echo-planar MR imaging. Radiology 1997; 204: 739-744.
Stahlberg F, Brockstedt S, Thomsen C, Wirestam R. Single-shot
diffusion-weighted echo-planar imaging of normal and cirrhotic
livers using a phased-array multicoil. Acta Radiol 1999; 40:
339.

Amano Y, Kumazaki T, Ishihara M. Singleshot diffusion-
weighted echo-planar imaging of normal and cirrhotic livers
using a phased-array multicoil. Acta Radiol 1998; 39: 440-442.
Moteki T, Ishizaka H, Horikoshi H, Matsumoto M.
Differentiation between hemangiomas and hepatocellular
carcinomas with the apparent diffusion coeflicient calculated
from turbo FLASH MR images. J Magn Reson Imaging 1995;
5: 187-191.

Ries M, Jones RA, Basseau F, Moonen CT, Grenier N. Diffusion
tensor MRI of the human kidney. / Magn Reson Imaging 2001;
14: 42-49.

Compton CC. Colorectal carcinoma: diagnostic, prognostic,
and molecular features. Mod Pathol 2003; 16: 376-388.
Hayashida Y, Hirai T, Morishita S, Kitajima M, Murakami R,
Korogi Y, et al. Diffusion-weighted imaging of metastatic brain
tumors: comparison with histologic type and tumor cellularity.
AJNR Am ] Neuroradiol 2006; 27: 1419-1425.

Goshima S, Kanematsu M, Kondo H, Yokoyama R, Kajita
K, Tsuge Y, et al. Diffusion-weighted imaging of the liver:
optimizing b value for the detection and characterization of
benign and malignant hepatic lesions. J Magn Reson Imaging
2008; 28: 691-697.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Feuerlein S, Pauls S, Juchems MS, Stuber T, Hoffmann MH,
Brambs HJ, et al. Pitfalls in abdominal diffusionweighted
imaging: how predictive is restricted water diffusion for
malignancy. AJR Am J Roentgenol 2009; 193: 1070-1076.
Sandrasegaran K, Akisik FM, Lin C, Tahir B, Rajan J, Aisen
AM. The value of diffusion-weighted imaging in characterizing
focal liver masses. Acad Radiol 2009; 16: 1208-1214.

Lichy MP, Aschoff P, Plathow C, Stemmer A, Horger W,
Mueller-Horvat C, et al. Tumor detection by diffusion-
weighted MRI and ADC mapping-initial clinical experiences in
comparison to PETCT. Invest Radiol 2007; 42: 605-613.
Sugita R, Yamazaki T, Furuta A, Itoh K, Fujita N, Takahashi S.
High b-value diffusion-weighted MRI for detecting gallbladder
carcinoma: preliminary study and results. Eur Radiol 2009; 19:
1794-1798.

Taouli B, Vilgrain V, Dumont E, Daire JL, Fan B, Menu Y.
Evaluation of liver diffusion isotropy and characterization
of focal hepatic lesions with two single-shot echo-planar MR
imaging sequences: prospective study in 66 patients. Radiology
2003; 226: 71-78.

Einarsdéttir H, Karlsson M, Wejde J, Bauer HC. Diffusion-
weighted MRI of soft tissue tumours. Eur Radiol 2004; 14:
959-963.

Higano S, Yun X, Kumabe T, Watanabe M, Mugikura S, Umetsu
Aset al. Malignant astrocytic tumors: clinical importance
of apparent diffusion coefficient in prediction of grade and
prognosis. Radiology 2006; 241: 839-846.

Hardie AD, Naik M, Hecht EM, Chandarana H, Mannelli L,
Babb JS, et al.Diagnosis of liver metastases: value of diffusion-
weighted MRI compared with gadolinium-enhanced MRI. Eur
Radiol 2010; 20: 1431-1441.

Shimada K, Isoda H, Hirokawa Y, Arizono S, Shibata T, Togashi
K. Comparison of gadolinium-EOB-DTPA-enhanced and
diffusion-weighted liver MRI for detection of small hepatic
metastases. Eur Radiol 2010; 20: 2690-2698.

Chung WS, Kim MJ, Chung YE, Kim YE, Park MS, Choi JY,
et al. Comparison of gadoxetic acid-enhanced dynamic imaging
and diffusion-weighted imaging for the preoperative evaluation
of colorectal liver metastases. J/ Magn Reson Imaging 2011; 34:
345-353.

Yamada I, Aung W, Himeno Y, Nakagawa T, Shibuya H.
Diffusion coefficients in abdominal organs and hepatic lesions:
evaluation with intravoxel incoherent motion echo-planar MR
imaging. Radiology 1999; 210: 617-623.

Quan XY, Sun XJ, Yu Z], Tang M. Evaluation of diffusion
weighted imaging of magnetic resonance imaging in small focal
hepatic lesions: a quantitative study in 56 cases. Hepatobiliary
Pancreat Dis Int 2005; 4: 406-409.

Saudi Med J 2016; Vol. 37 (4) 385

WWW.Smj.org.sa


https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjpo66O1bXLAhVElxoKHWfDCpwQFgghMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F10918323&usg=AFQjCNHATWOKQzIHvjN2gMTVdqgybXs7DQ
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjpo66O1bXLAhVElxoKHWfDCpwQFgghMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F10918323&usg=AFQjCNHATWOKQzIHvjN2gMTVdqgybXs7DQ
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjpo66O1bXLAhVElxoKHWfDCpwQFgghMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F10918323&usg=AFQjCNHATWOKQzIHvjN2gMTVdqgybXs7DQ
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2jJKe1bXLAhVHWRoKHfZwAbMQFggeMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F12595101&usg=AFQjCNHpxaiNceuOyJfqq9WAR2LZkGYfvw
https://www.google.com.sa/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2jJKe1bXLAhVHWRoKHfZwAbMQFggeMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F12595101&usg=AFQjCNHpxaiNceuOyJfqq9WAR2LZkGYfvw
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+imaging+of+the+liver%3A+technical+challenges+and+prospects+for+the+future.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+imaging+of+the+liver%3A+technical+challenges+and+prospects+for+the+future.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+imaging+of+the+liver%3A+technical+challenges+and+prospects+for+the+future.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+imaging+of+the+liver%3A+technical+challenges+and+prospects+for+the+future.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Charles-Edwards+EM%2C+deSouza+NM.+Diffusion-weighted+magnetic+resonance+imaging+and+its+application+to+cancer.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Charles-Edwards+EM%2C+deSouza+NM.+Diffusion-weighted+magnetic+resonance+imaging+and+its+application+to+cancer.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Charles-Edwards+EM%2C+deSouza+NM.+Diffusion-weighted+magnetic+resonance+imaging+and+its+application+to+cancer.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muller+MF%2C+Prasad+P%2C+Siewert+B%2C+Nissenbaum+MA%2C+Raptopoulos+V%2C+Edelman+RR.++Abdominal+diffusion+mapping+with+use+of+a+whole-body+echo-planar+system
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muller+MF%2C+Prasad+P%2C+Siewert+B%2C+Nissenbaum+MA%2C+Raptopoulos+V%2C+Edelman+RR.++Abdominal+diffusion+mapping+with+use+of+a+whole-body+echo-planar+system
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muller+MF%2C+Prasad+P%2C+Siewert+B%2C+Nissenbaum+MA%2C+Raptopoulos+V%2C+Edelman+RR.++Abdominal+diffusion+mapping+with+use+of+a+whole-body+echo-planar+system
http://www.ncbi.nlm.nih.gov/pubmed/?term=Muller+MF%2C+Prasad+P%2C+Siewert+B%2C+Nissenbaum+MA%2C+Raptopoulos+V%2C+Edelman+RR.++Abdominal+diffusion+mapping+with+use+of+a+whole-body+echo-planar+system
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura+H.+Diffusion-weighted+single-shot+echoplanar+MR+imaging+for+liver+disease.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura+H.+Diffusion-weighted+single-shot+echoplanar+MR+imaging+for+liver+disease.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakamura+H.+Diffusion-weighted+single-shot+echoplanar+MR+imaging+for+liver+disease.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+MR+imaging+with+a+single-shot+echoplanar+sequence%3A+detection+and+characterization+of+focal+hepatic+lesions.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+MR+imaging+with+a+single-shot+echoplanar+sequence%3A+detection+and+characterization+of+focal+hepatic+lesions.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+MR+imaging+with+a+single-shot+echoplanar+sequence%3A+detection+and+characterization+of+focal+hepatic+lesions.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Diffusion-weighted+MR+imaging+with+a+single-shot+echoplanar+sequence%3A+detection+and+characterization+of+focal+hepatic+lesions.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Focal+liver+masses%3A+characterization+with+diffusion-weighted+echo-planar+MR+imaging
http://www.ncbi.nlm.nih.gov/pubmed/?term=Focal+liver+masses%3A+characterization+with+diffusion-weighted+echo-planar+MR+imaging
http://www.ncbi.nlm.nih.gov/pubmed/?term=Focal+liver+masses%3A+characterization+with+diffusion-weighted+echo-planar+MR+imaging
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wirestam+R.+Single-shot+diffusion-weighted+echo-planar+imaging+of+normal+and+cirrhotic+livers+using+a+phased-array+multicoil.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wirestam+R.+Single-shot+diffusion-weighted+echo-planar+imaging+of+normal+and+cirrhotic+livers+using+a+phased-array+multicoil.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wirestam+R.+Single-shot+diffusion-weighted+echo-planar+imaging+of+normal+and+cirrhotic+livers+using+a+phased-array+multicoil.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wirestam+R.+Single-shot+diffusion-weighted+echo-planar+imaging+of+normal+and+cirrhotic+livers+using+a+phased-array+multicoil.
http://www.ncbi.nlm.nih.gov/pubmed/9685834
http://www.ncbi.nlm.nih.gov/pubmed/9685834
http://www.ncbi.nlm.nih.gov/pubmed/9685834
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ries+M%2C+Jones+RA%2C+Basseau+F%2C+Moonen+CT%2C+Grenier+N.+Diffusion+tensor+MRI+of+the+human+kidney
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ries+M%2C+Jones+RA%2C+Basseau+F%2C+Moonen+CT%2C+Grenier+N.+Diffusion+tensor+MRI+of+the+human+kidney
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ries+M%2C+Jones+RA%2C+Basseau+F%2C+Moonen+CT%2C+Grenier+N.+Diffusion+tensor+MRI+of+the+human+kidney
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashida+Y%2C+Hirai+T%2C+Morishita+S%2C+Kitajima+M%2C+Murakami+R%2C+Korogi+Y%2C+et+al.+Diffusion-weighted+imaging+of+metastatic+brain+tumors%3A+comparison+with+histologic+type+and+tumor+cellularity
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashida+Y%2C+Hirai+T%2C+Morishita+S%2C+Kitajima+M%2C+Murakami+R%2C+Korogi+Y%2C+et+al.+Diffusion-weighted+imaging+of+metastatic+brain+tumors%3A+comparison+with+histologic+type+and+tumor+cellularity
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashida+Y%2C+Hirai+T%2C+Morishita+S%2C+Kitajima+M%2C+Murakami+R%2C+Korogi+Y%2C+et+al.+Diffusion-weighted+imaging+of+metastatic+brain+tumors%3A+comparison+with+histologic+type+and+tumor+cellularity
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hayashida+Y%2C+Hirai+T%2C+Morishita+S%2C+Kitajima+M%2C+Murakami+R%2C+Korogi+Y%2C+et+al.+Diffusion-weighted+imaging+of+metastatic+brain+tumors%3A+comparison+with+histologic+type+and+tumor+cellularity
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goshima+S%2C+Kanematsu+M%2C+Kondo+H%2C+Yokoyama+R%2C+Kajita+K%2C+Tsuge+Y%2C+et+al.++Diffusion-weighted+imaging+of+the+liver%3A+optimizing+b+value+for+the+detection+and++characterization+of+benign+and+malignant+hepatic+lesions
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goshima+S%2C+Kanematsu+M%2C+Kondo+H%2C+Yokoyama+R%2C+Kajita+K%2C+Tsuge+Y%2C+et+al.++Diffusion-weighted+imaging+of+the+liver%3A+optimizing+b+value+for+the+detection+and++characterization+of+benign+and+malignant+hepatic+lesions
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goshima+S%2C+Kanematsu+M%2C+Kondo+H%2C+Yokoyama+R%2C+Kajita+K%2C+Tsuge+Y%2C+et+al.++Diffusion-weighted+imaging+of+the+liver%3A+optimizing+b+value+for+the+detection+and++characterization+of+benign+and+malignant+hepatic+lesions
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goshima+S%2C+Kanematsu+M%2C+Kondo+H%2C+Yokoyama+R%2C+Kajita+K%2C+Tsuge+Y%2C+et+al.++Diffusion-weighted+imaging+of+the+liver%3A+optimizing+b+value+for+the+detection+and++characterization+of+benign+and+malignant+hepatic+lesions
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goshima+S%2C+Kanematsu+M%2C+Kondo+H%2C+Yokoyama+R%2C+Kajita+K%2C+Tsuge+Y%2C+et+al.++Diffusion-weighted+imaging+of+the+liver%3A+optimizing+b+value+for+the+detection+and++characterization+of+benign+and+malignant+hepatic+lesions
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feuerlein+S%2C+Pauls+S%2C+Juchems+MS%2C+Stuber+T%2C+Hoffmann+MH%2C+Brambs+HJ%2C+et+al.+Pitfalls+in+abdominal+diffusionweighted+imaging%3A+how+predictive+is+restricted+water+diffusion+for+malignancy
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feuerlein+S%2C+Pauls+S%2C+Juchems+MS%2C+Stuber+T%2C+Hoffmann+MH%2C+Brambs+HJ%2C+et+al.+Pitfalls+in+abdominal+diffusionweighted+imaging%3A+how+predictive+is+restricted+water+diffusion+for+malignancy
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feuerlein+S%2C+Pauls+S%2C+Juchems+MS%2C+Stuber+T%2C+Hoffmann+MH%2C+Brambs+HJ%2C+et+al.+Pitfalls+in+abdominal+diffusionweighted+imaging%3A+how+predictive+is+restricted+water+diffusion+for+malignancy
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feuerlein+S%2C+Pauls+S%2C+Juchems+MS%2C+Stuber+T%2C+Hoffmann+MH%2C+Brambs+HJ%2C+et+al.+Pitfalls+in+abdominal+diffusionweighted+imaging%3A+how+predictive+is+restricted+water+diffusion+for+malignancy
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sandrasegaran+K%2C+Akisik+FM%2C+Lin+C%2C+Tahir+B%2C+Rajan+J%2C+Aisen+AM.+The+value+of+diffusion-weighted+imaging+in+characterizing+focal+liver+masses.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sandrasegaran+K%2C+Akisik+FM%2C+Lin+C%2C+Tahir+B%2C+Rajan+J%2C+Aisen+AM.+The+value+of+diffusion-weighted+imaging+in+characterizing+focal+liver+masses.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sandrasegaran+K%2C+Akisik+FM%2C+Lin+C%2C+Tahir+B%2C+Rajan+J%2C+Aisen+AM.+The+value+of+diffusion-weighted+imaging+in+characterizing+focal+liver+masses.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lichy+MP%2C+Aschoff+P%2C+Plathow+C%2C+Stemmer+A%2C+Horger+W%2C+Mueller-Horvat+C%2C+et+al.+Tumor+detection+by+diffusion-weighted+MRI+and+ADC+mapping-initial+clinical+experiences+in+comparison+to+PETCT
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lichy+MP%2C+Aschoff+P%2C+Plathow+C%2C+Stemmer+A%2C+Horger+W%2C+Mueller-Horvat+C%2C+et+al.+Tumor+detection+by+diffusion-weighted+MRI+and+ADC+mapping-initial+clinical+experiences+in+comparison+to+PETCT
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lichy+MP%2C+Aschoff+P%2C+Plathow+C%2C+Stemmer+A%2C+Horger+W%2C+Mueller-Horvat+C%2C+et+al.+Tumor+detection+by+diffusion-weighted+MRI+and+ADC+mapping-initial+clinical+experiences+in+comparison+to+PETCT
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lichy+MP%2C+Aschoff+P%2C+Plathow+C%2C+Stemmer+A%2C+Horger+W%2C+Mueller-Horvat+C%2C+et+al.+Tumor+detection+by+diffusion-weighted+MRI+and+ADC+mapping-initial+clinical+experiences+in+comparison+to+PETCT
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sugita+R%2C+Yamazaki+T%2C+Furuta+A%2C+Itoh+K%2C+Fujita+N%2C+Takahashi+S.+High+b-value+diffusion-weighted+MRI+for+detecting+gallbladder+carcinoma%3A+preliminary+study+and+results
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sugita+R%2C+Yamazaki+T%2C+Furuta+A%2C+Itoh+K%2C+Fujita+N%2C+Takahashi+S.+High+b-value+diffusion-weighted+MRI+for+detecting+gallbladder+carcinoma%3A+preliminary+study+and+results
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sugita+R%2C+Yamazaki+T%2C+Furuta+A%2C+Itoh+K%2C+Fujita+N%2C+Takahashi+S.+High+b-value+diffusion-weighted+MRI+for+detecting+gallbladder+carcinoma%3A+preliminary+study+and+results
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sugita+R%2C+Yamazaki+T%2C+Furuta+A%2C+Itoh+K%2C+Fujita+N%2C+Takahashi+S.+High+b-value+diffusion-weighted+MRI+for+detecting+gallbladder+carcinoma%3A+preliminary+study+and+results
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taouli+B%2C+Vilgrain+V%2C+Dumont+E%2C+Daire+JL%2C+Fan+B%2C+Menu+Y.+Evaluation+of+liver+diffusion+isotropy+and+characterization+of+focal+hepatic+lesions+with+two+single-shot+echo-planar+MR+imaging+sequences%3A+prospective+study+in+66+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taouli+B%2C+Vilgrain+V%2C+Dumont+E%2C+Daire+JL%2C+Fan+B%2C+Menu+Y.+Evaluation+of+liver+diffusion+isotropy+and+characterization+of+focal+hepatic+lesions+with+two+single-shot+echo-planar+MR+imaging+sequences%3A+prospective+study+in+66+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taouli+B%2C+Vilgrain+V%2C+Dumont+E%2C+Daire+JL%2C+Fan+B%2C+Menu+Y.+Evaluation+of+liver+diffusion+isotropy+and+characterization+of+focal+hepatic+lesions+with+two+single-shot+echo-planar+MR+imaging+sequences%3A+prospective+study+in+66+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taouli+B%2C+Vilgrain+V%2C+Dumont+E%2C+Daire+JL%2C+Fan+B%2C+Menu+Y.+Evaluation+of+liver+diffusion+isotropy+and+characterization+of+focal+hepatic+lesions+with+two+single-shot+echo-planar+MR+imaging+sequences%3A+prospective+study+in+66+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taouli+B%2C+Vilgrain+V%2C+Dumont+E%2C+Daire+JL%2C+Fan+B%2C+Menu+Y.+Evaluation+of+liver+diffusion+isotropy+and+characterization+of+focal+hepatic+lesions+with+two+single-shot+echo-planar+MR+imaging+sequences%3A+prospective+study+in+66+patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Einarsd%C3%B3ttir+H%2C+Karlsson+M%2C+Wejde+J%2C+Bauer+HC.+Diffusion-weighted+MRI+of+soft+tissue+tumours.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Einarsd%C3%B3ttir+H%2C+Karlsson+M%2C+Wejde+J%2C+Bauer+HC.+Diffusion-weighted+MRI+of+soft+tissue+tumours.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Einarsd%C3%B3ttir+H%2C+Karlsson+M%2C+Wejde+J%2C+Bauer+HC.+Diffusion-weighted+MRI+of+soft+tissue+tumours.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Higano+S%2C+Yun+X%2C+Kumabe+T%2C+Watanabe+M%2C+Mugikura+S%2C+Umetsu+A%2Cet+al.+Malignant+Astrocytic+Tumors%3A+Clinical+Importance+of+Apparent+Diffusion+Coefficient+in+Prediction+of+Grade+and+Prognosis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Higano+S%2C+Yun+X%2C+Kumabe+T%2C+Watanabe+M%2C+Mugikura+S%2C+Umetsu+A%2Cet+al.+Malignant+Astrocytic+Tumors%3A+Clinical+Importance+of+Apparent+Diffusion+Coefficient+in+Prediction+of+Grade+and+Prognosis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Higano+S%2C+Yun+X%2C+Kumabe+T%2C+Watanabe+M%2C+Mugikura+S%2C+Umetsu+A%2Cet+al.+Malignant+Astrocytic+Tumors%3A+Clinical+Importance+of+Apparent+Diffusion+Coefficient+in+Prediction+of+Grade+and+Prognosis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Higano+S%2C+Yun+X%2C+Kumabe+T%2C+Watanabe+M%2C+Mugikura+S%2C+Umetsu+A%2Cet+al.+Malignant+Astrocytic+Tumors%3A+Clinical+Importance+of+Apparent+Diffusion+Coefficient+in+Prediction+of+Grade+and+Prognosis
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardie+AD%2C+Naik+M%2C+Hecht+EM%2C++Chandarana+H%2C+Mannelli+L%2C+Babb+JS%2C+et+al.Diagnosis+of+liver+metastases%3A+value+of+diffusion-weighted+MRI+compared+with+gadolinium-enhanced+MRI.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardie+AD%2C+Naik+M%2C+Hecht+EM%2C++Chandarana+H%2C+Mannelli+L%2C+Babb+JS%2C+et+al.Diagnosis+of+liver+metastases%3A+value+of+diffusion-weighted+MRI+compared+with+gadolinium-enhanced+MRI.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardie+AD%2C+Naik+M%2C+Hecht+EM%2C++Chandarana+H%2C+Mannelli+L%2C+Babb+JS%2C+et+al.Diagnosis+of+liver+metastases%3A+value+of+diffusion-weighted+MRI+compared+with+gadolinium-enhanced+MRI.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hardie+AD%2C+Naik+M%2C+Hecht+EM%2C++Chandarana+H%2C+Mannelli+L%2C+Babb+JS%2C+et+al.Diagnosis+of+liver+metastases%3A+value+of+diffusion-weighted+MRI+compared+with+gadolinium-enhanced+MRI.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada+K%2C+Isoda+H%2C+Hirokawa+Y%2C+Arizono+S%2C+Shibata+T%2C+Togashi+K.+Comparison+of+gadolinium-EOB-DTPA-enhanced+and+diffusion-weighted+liver+MRI+for+detection+of+small+hepatic+metastases
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada+K%2C+Isoda+H%2C+Hirokawa+Y%2C+Arizono+S%2C+Shibata+T%2C+Togashi+K.+Comparison+of+gadolinium-EOB-DTPA-enhanced+and+diffusion-weighted+liver+MRI+for+detection+of+small+hepatic+metastases
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada+K%2C+Isoda+H%2C+Hirokawa+Y%2C+Arizono+S%2C+Shibata+T%2C+Togashi+K.+Comparison+of+gadolinium-EOB-DTPA-enhanced+and+diffusion-weighted+liver+MRI+for+detection+of+small+hepatic+metastases
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shimada+K%2C+Isoda+H%2C+Hirokawa+Y%2C+Arizono+S%2C+Shibata+T%2C+Togashi+K.+Comparison+of+gadolinium-EOB-DTPA-enhanced+and+diffusion-weighted+liver+MRI+for+detection+of+small+hepatic+metastases
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung+WS%2C+Kim+MJ%2C+Chung+YE%2C+Kim+YE%2C+Park+MS%2C+Choi+JY%2Cet+al.+Comparison+of++gadoxetic+acid-enhanced+dynamic+imaging+and+diffusion-weighted+imaging+for+the++preoperative+evaluation+of+colorectal+liver+metastases.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung+WS%2C+Kim+MJ%2C+Chung+YE%2C+Kim+YE%2C+Park+MS%2C+Choi+JY%2Cet+al.+Comparison+of++gadoxetic+acid-enhanced+dynamic+imaging+and+diffusion-weighted+imaging+for+the++preoperative+evaluation+of+colorectal+liver+metastases.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung+WS%2C+Kim+MJ%2C+Chung+YE%2C+Kim+YE%2C+Park+MS%2C+Choi+JY%2Cet+al.+Comparison+of++gadoxetic+acid-enhanced+dynamic+imaging+and+diffusion-weighted+imaging+for+the++preoperative+evaluation+of+colorectal+liver+metastases.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung+WS%2C+Kim+MJ%2C+Chung+YE%2C+Kim+YE%2C+Park+MS%2C+Choi+JY%2Cet+al.+Comparison+of++gadoxetic+acid-enhanced+dynamic+imaging+and+diffusion-weighted+imaging+for+the++preoperative+evaluation+of+colorectal+liver+metastases.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung+WS%2C+Kim+MJ%2C+Chung+YE%2C+Kim+YE%2C+Park+MS%2C+Choi+JY%2Cet+al.+Comparison+of++gadoxetic+acid-enhanced+dynamic+imaging+and+diffusion-weighted+imaging+for+the++preoperative+evaluation+of+colorectal+liver+metastases.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada+I%2C+Aung+W%2C+Himeno+Y%2C+Nakagawa+T%2C+Shibuya+H.+Diffusion+coefficients+in++abdominal+organs+and+hepatic+lesions%3A+evaluation+with+intravoxel+incoherent+motion+echo-planar+MR+imaging
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada+I%2C+Aung+W%2C+Himeno+Y%2C+Nakagawa+T%2C+Shibuya+H.+Diffusion+coefficients+in++abdominal+organs+and+hepatic+lesions%3A+evaluation+with+intravoxel+incoherent+motion+echo-planar+MR+imaging
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada+I%2C+Aung+W%2C+Himeno+Y%2C+Nakagawa+T%2C+Shibuya+H.+Diffusion+coefficients+in++abdominal+organs+and+hepatic+lesions%3A+evaluation+with+intravoxel+incoherent+motion+echo-planar+MR+imaging
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yamada+I%2C+Aung+W%2C+Himeno+Y%2C+Nakagawa+T%2C+Shibuya+H.+Diffusion+coefficients+in++abdominal+organs+and+hepatic+lesions%3A+evaluation+with+intravoxel+incoherent+motion+echo-planar+MR+imaging
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quan+XY%2C+Sun+XJ%2C+Yu+ZJ%2C+Tang+M.+Evaluation+of+diffusion+weighted+imaging+of++magnetic+resonance+imaging+in+small+focal+hepatic+lesions%3A+a+quantitative+study+in+56++cases
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quan+XY%2C+Sun+XJ%2C+Yu+ZJ%2C+Tang+M.+Evaluation+of+diffusion+weighted+imaging+of++magnetic+resonance+imaging+in+small+focal+hepatic+lesions%3A+a+quantitative+study+in+56++cases
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quan+XY%2C+Sun+XJ%2C+Yu+ZJ%2C+Tang+M.+Evaluation+of+diffusion+weighted+imaging+of++magnetic+resonance+imaging+in+small+focal+hepatic+lesions%3A+a+quantitative+study+in+56++cases
http://www.ncbi.nlm.nih.gov/pubmed/?term=Quan+XY%2C+Sun+XJ%2C+Yu+ZJ%2C+Tang+M.+Evaluation+of+diffusion+weighted+imaging+of++magnetic+resonance+imaging+in+small+focal+hepatic+lesions%3A+a+quantitative+study+in+56++cases

	Title
	Authors
	Abstract
	Affiliation
	Correspondence
	Introduction
	Methods
	Results
	Figure 1
	Table 1
	Figure 2
	Figure 3
	Figure 4
	Discussion
	References

