W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wjg.v16.i25.3196

World | Gastroenterol 2010 July 7; 16(25): 3196-3201
ISSN 1007-9327 (print)
© 2010 Baishideng. All rights reserved.

BRIEF ARTICLE

Role of diffusion-weighted magnetic resonance imaging in
the diagnosis of extrahepatic cholangiocarcinoma

Xing-Yu Cui, Hong-Wei Chen

Xing-Yu Cui, Hong-Wei Chen, Department of Radiology,
Wuxi People’s Hospital, Nanjing Medical University, Wuxi
214023, Jiangsu Province, China

Author contributions: Cui XY designed and performed the
research, analyzed data and wrote the manuscript; Chen HW
revised the paper.

Correspondence to: Hong-Wei Chen, Chief Physician, De-
partment of Radiology, Wuxi People’s Hospital, Nanjing Medical
University, Wuxi 214023, Jiangsu Province,

China. chw6312@163.com

Telephone: +86-510-85350232 Fax: +86-510-85350232
Received: January 4, 2010 Revised: March 17,2010
Accepted: March 24, 2010

Published online: July 7, 2010

Abstract

AIM: To determine the clinical value of diffusion-weight-
ed imaging (DWI) for the diagnosis of extrahepatic
cholangiocarcinoma (EHCC) by comparing the diagnos-
tic sensitivity of DWI and magnetic resonance cholan-
giopancreatography (MRCP).

METHODS: Magnetic resonance imaging examination
was performed in 56 patients with suspected EHCC. T1-
weighted imaging, T2-weighted imaging, MRCP and
DWI sequence, DWI using single-shot spin-echo echo-
planar imaging sequence with different b values (100,
300, 500, 800 and 1000 s/mm?), were performed. All
cases were further confirmed by surgery or histopatho-
logical diagnosis. Two radiologists jointly performed the
analysis of the DWI and MRCP images. Apparent diffu-
sion coefficient (ADC) value and signal-noise ratio were
calculated for EHCC. Sensitivity, specificity, accuracy,
positive predictive value and negative predictive value
were tested using DWI with a b value of 500 s/mm’ and
MRCP images, respectively.

RESULTS: Histopathological diagnosis confirmed that
among the 56 cases, 35 were EHCC (20 hilar and 15
distal extrahepatic), 16 were cholangitis, and 5 were cal-
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culus of bile duct. Thirty-three out of the 35 EHCC cases
were detected by DWI. EHCC exhibited differential levels
of high signal intensity in DWI and low signal intensity in
the ADC map. The mean value for ADC was (1.31 = 0.29)
x 10° mm?/s. The detection rate of EHCC was signifi-
cantly higher by DWI (94.3%) than by MRCP (74.3%) (P
< 0.05). There was a significant difference in sensitivity
(94.3% vs 74.3%), specificity (100% vs 71.4%), accu-
racy (96.4% vs 73.2%), positive predictive value (100%
vs 81.3%), and negative predictive value (91.3% vs
62.5%) between DWI and MRCP in diagnosing EHCC.

CONCLUSION: DWI has a high sensitivity for the de-
tection of EHCC as it shows the EHCC lesion more un-
ambiguously than MRCP does. DWI can also provide ad-
ditional clinically important information in EHCC patients
when added to routine bile duct MR imaging protocols.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Extrahepatic cholangiocarcinoma (EHCC) refers to
cancers occurring at the left or right hepatic duct to the
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ampulla. In clinical practice, the lack of typical early
symptoms often results in a delayed or incorrect diagno-
sis. In recent years, advances in imaging technology have
significantly improved the detection rate and accuracy of
definitive diagnosis for EHCC.

With the continuous development and improvement
of magnetic resonance imaging (MRI) hardware and
software, the use of parallel acquisition techniques to
reduce scan time and improve spatial resolution, and the
wide application of the shortened echo chain technique
in spin-echo echo-planar imaging (SE-EPI), diffusion-
weighted imaging (DWI) has been increasingly used in a
wide range of clinical app]jcationsp’zl‘ Although the appli-
cation of DWI to the diagnosis of numerous conditions
has attracted increased attention and is the focus of many
researches, to our knowledge, there exists no literature
on the clinical application of DWI to the diagnosis of
EHCC.

MATERIALS AND METHODS

Patients

A total of 56 patients (34 male and 22 female) were ex-
amined between March 2008 and December 2009. The
patients had a suspected diagnosis of EHCC, and the
main clinical symptom was jaundice. Patient ages ranged
from 38 to 75, with an average age of 61.0. Thirty-three
patients had an elevated level of carbohydrate antigen

19-9 (CA19-9).

MRI scan sequence and parameters

All imaging was performed on a 1.5T MRI scanner (Signa
Excite HD, General Electric Healthcare) and a body
phased array coil. Patients were asked to fast 4-6 h before
imaging, were coached in breathing and breath-hold and
were imaged in the supine position. All patients under-
went MR axial fast spoiled gradient echo (FSPGR) T1-
weighted (T1W), fast recovery fast spin echo (FREFSE) fat-
suppressed T2-weighted (T2W), coronal fast imaging em-
ploying steady-state acquisition (FIESTA), 3D MRCP and
DWI axial scans. 3D MRCP using fast recovery fast spin
echo sequence (FREFSE-XL), heavily T2W with respiratory
gating, triggered at exhale, and thin multi-plane collection.
The scan parameters were: TR and TE time adjusted ac-
cording to the respiratory rate, and set at approximately
2000-4500 ms and 550-750 ms, respectively; bandwidth
62.5 kHz, echo chain length (ETL) 8; field of view (FOV)
360-400 mm, matrix 320 X 256; slice thickness 3 mm,
without interval (-1.5 mm), 80 slices, NEX 1, acquisition
time was 2 min and 20 s to 3 min. The original 2D multi-
plane formation image was reconstructed into 3D MRCP
images using the maximum intensity projection (MIP)
and volume-rendering (VR) functions in the workstation,
thereby allowing the reconstructed 3D MRCP images to
be rotated in any direction. Axial DWI used a single-shot
SE-EPI sequence, space parallel acquisition and array spa-
tial sensitivity encoding technique (ASSET), and the scan
was performed under breath-hold. Diffusion gradients
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were applied along three orthogonal directions: frequency
encoding (X), phase encoding (Y) and slice-select (Z). The
diffusion sensitivity coefficients were b = 100, 300, 500,
800, and 1000 s/ mm?’. The DWT scan parameters were:
TR 1300 ms, effective TE 41.0-69.2 ms; bandwidth 166.67
kHz, flip angle 90°, slice thickness 5 mm, slice gap 1 mm,
single acquisition, FOV 340-400 mm, matrix 128 X 128,
NEX 4, acceleration factor 2.

Image analysis

All MR images were jointly viewed and analyzed by two
senior radiologists with more than 5 years of combined
experience in abdominal MRI diagnosis. All image post-
processing was performed using the Advantage Work-
station 4.3 (AW4.3, General Electric Healthcare) and the
FuncTool software package.

The apparent diffusion coefficient (ADC) values and
signal-noise ratio (SNR) of the lesions imaged in the
DWTI sequence were calculated for different b values.
The formula” for calculating the value of ADC is given
by: ADC = [In (Siow/ Shigh)]/ (bhigh-biow). Whete Siow and
Srign represent low signal intensity and high signal inten-
sity, respectively, and brigs, and biow represent the high b
value and low b value, respectively.

After calculating the ADC map using AW4.3, the
ADC values can be automatically measured by mapping
regions of interest (ROI). The ROI is mapped by select-
ing lesion areas with high signal intensity in DWI and
low signal intensity in ADC. Preferably, the size of ROI
is between 8-20 mm”. Two radiologists performed these
tests three times each to derive the mean value. The
SNR represents the ratio of lesion signal intensity to the
standard deviation of background noise along the phase-
encoding direction.

For DWI-based detection and confirmation of di-
agnosis of EHCC, the b value used was 500 s/mmz.
The evaluation criteria for EHCC were the status of the
malignant lesions, the intensity of the malignant lesion
signal, the degree of reduction in the malignant lesion
signal with the increase of b value, and the ADC value
of the malignant lesion. In detail, the following descrip-
tions were assignedmz malignant lesions demonstrate
mild to moderate high signal intensity in DWI with a
b value of 0 s/mm’; compared with the surrounding
tissue, malignant lesions continue to demonstrate high
signal intensity in DWI with a b value of 500 s/ rnrnz;
ADC map demonstrates low signal intensity and has a
relatively low ADC value. Otherwise, the lesion was con-
sidered benign.

In MRCP, the malignant stricture is characterized by
an irregular narrow edge, non-symmetry of the narrow
and an abrupt cut-off>*,

Statistical analysis

All data were processed using the SPSS 13.0 statistical
package. Measurement data are represented by mean
* SD. To compare the ADC value and SNR under dif-
ferent b values, the Friedman test was performed over
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Figure 1 A 55-year-old man with extrahepatic cholangiocarcinoma. A: Magnetic resonance cholangiopancreatography (MRCP) demonstrates the dilatation of
intrahepatic ductal and gallbladder with abrupt cutoff of the common bile duct; B: The diffusion-weighted image (b = 500 s/mm?) shows the cholangiocarcinoma lesion
to be a high-signal intensity lesion (arrow); C: Apparent diffusion coefficient (ADC) map (b = 500 s/mm?) image shows a low-signal intensity area (arrow) and the ADC

value of this cholangiocarcinoma was 1.30 x 10 mm?s.

B value (s/mm?) ADC (x 107 mm®/s) SNR
Confirmed pathological diagnosis Total
100 2.73 £0.55 135.81 +33.27
300 1.84 £0.42 99.17 £ 22.63 EHCC Non-EHCC
500 1.31+£0.29 69.31 +£16.36
800 1.22 +0.29 47,90 +12.35 DWI
1000 0.89 +0.23 29.48 £9.72 EHCC 33 0 33
M 136.23 142.79 Non-EHCC 2 21 23
P <0.01 <0.01 MRCP
EHCC 26 6 32
Non-EHCC 9 15 24
All P values are less than 0.05 for each two b values exhibited above. on
Total 35 21 56

ADC: Apparent diffusion coefficient; SNR: Signal-noise ratio; EHCC:
Extrahepatic cholangiocarcinoma.

multiple relevant samples, and the detection sensitivity
of DWI and MRCP for EHCC was determined using
the Xz test. A P value of < 0.05 was used as the statistical
significance level of the observed differences.

RESULTS

Clinical and pathological results

All 56 cases collected in the study were confirmed by
histopathological diagnosis. Of the 56 cases, 35 were
EHCC (20 located near the hepatic hilum, 15 located at
the far end of the extrahepatic bile duct), 16 were chol-
angitis, and 5 were bile duct stones.

EHCC presentation in DWI imaging and ADC map

Out of the 35 histopathologically-confirmed EHCC cases,
33 cases were detected by DWI. Compared with the sut-
rounding tissues, these cases of EHCC exhibited differ-
ential levels of high signal intensity in the DWI image and
exhibited low signal intensity in the ADC map (Figure 1).
The average size of the EHCC was 28.5 mm (range,
5.0-67.2 mm). For EHCC, the mean ADC value (7 = 33)
was (1.31 £ 0.29) x 10° mm®/s (95% CI, 1.20-1.47). For
bile duct stones, the mean ADC value was (0.48 + 0.22) X
10” mm’*/s (95% CI, 0.21-0.75). The two cases of EHCC
undetected by DWI wete due to the interference of arti-
facts around the bile duct and the small size of the ma-
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DWI: Diffusion-weighted imaging; MRCP: Magnetic resonance cholangio
pancreatography.

lighant transformation of the bile duct adenoma (5 mm),
respectively.

ADC value and SNR for EHCC lesion under different b
values

For the DWI sequence, the SNR gradually decreased in
the lesion of EHCC as the b value was increased (Table 1).
The difference was statistically significant (P < 0.01).
With the increase in b value, the ADC value for the lesion
gradually decreased (Table 1), and a P value of less than 0.05

was considered statistically significant.

Detection and definitive diagnostic accuracy of DWI and
MRCP for EHCC

MRCP correctly diagnosed 4 out of 5 cases of bile duct
stones, 11 out of 16 cases of cholangitis (5 cases were
incorrectly diagnosed as EHCC), and 26 out of 35 cases
of EHCC (2 cases were not detected and 7 were incor-
rectly diagnosed). The overall rate of correct diagnosis
was 73.2% (41/56) (Table 2). DWI correctly diagnosed all
5 cases of calculi, all 16 cases of inflammation and 33 out
of 35 cases of EHCC (1 case was not detected and 1 was
incorrectly diagnosed). The overall rate of correct diagnosis
was 96.4% (54/56) (Table 2). The detection sensitivity and
specificity of MRCP was 74.3% and 71.4%, respectively.
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For DWI, the sensitivity and specificity was 94.3% and
100%, respectively. The differences in detection sensitiv-
ity, specificity, and accuracy between the two examination
methods for EHCC were of statistical significance (P <
0.05). The positive predictive value and negative predictive
value of DWI (100%, 91.3%) were higher than those of
MRCP (81.3%, 62.5%). The differences between the two
sets of values were of statistical significance (P < 0.05).

DISCUSSION

DWI reflects the micro-movements of water molecules.
It produces images by comparing the inter-tissue dif-
fusion coefficient. It can be used to investigate tissue
organization, structure and functional status of a bio-
logical object at the cellular and molecular level. Unlike
conventional MRI examination, DWI enables imaging of
the human body to be performed at a microscopic level,
thereby allowing for accurate, rapid and reliable charac-
terization of the spatial organization and composition
of tissues, and the functional status of water exchange
between tissue components affected by pathological or
physiological status.

The extent of water molecule diffusion ability in a
tissue is negatively correlated to that tissue’s cell density
and integrity of the cell membranes. The degree of water
molecule movement was found to positively correlate with
signal reductions in DWI. The movement of water mol-
ecules is more restricted as the cell membrane becomes
more intact or if the cell density is higher (i.e. tumor tis-
sue). Therefore, the observation of a relative reduction of
signal in tissue imaged with DWI can assist in the detec-
tion and confirmation of tumor. The solid portion of the
tumor has a higher cell density than normal tissues, and
thus should continuously exhibit relatively higher signal
intensity on DWI. However, given the fact that DWI is in-
herently T2-weighted, an extra-long T2 relaxation time can
also show as continuously higher signal intensity in DWI,
which may then be misdiagnosed as restricted diffusion.
This is known as the T2 shine-through effect’™. To avoid
this effect, ADC values can be calculated using two images
obtained under different b values. The ADC map can then
be used to overcome the T2 shine-through effect by ob-
serving the relative reduction in signal in images obtained
under different b values. Confirmation of tumor through
differences in tissue water molecule diffusion is thus made
possible. Higher cell densities restrict diffusion and exhibit
low ADC values, otherwise, high ADC values are present.
The b value is the sensitivity coefficient for diffusion; it
can be used to determine the sensitivity for detection of
diffusion of water molecules in the tissue under examina-
tion. The larger the b value used in DWI, the greater the
dispersion of water molecules, and the more obvious the
signal intensity reduction. This work focused on observing
different ADC values for EHCC under different b values,
followed by a compatison of the impact of b value on the
ADC value measurement. The ADC value for EHCC was
(1.84 + 0.42) X 10° mm’/s under a b value of 300 smm’;
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the ADC value was (0.89  0.23) X 10°mm’/s under a b
value of 1000 s/ mm”. Using a smaller b value can produce
a relatively higher ADC value, and with the increase in b
value, the ADC value for lesions decreased. This correla-
tion was of statistical significance. In biological tissues, the
signal reduction in DWTI is determined not only by the dif-
fusion effect of water molecules, but also by reperfusion
from the capillary microcirculation. In the work by Yama-
da et al”, when a low b value was used, the detived ADC
value mainly reflected the blood perfusion status of the
tissue. Hence, large b values should be used to reflect the
true diffusion ability of water molecules in the lesion. The
larger the b value used, the better the image will reflect
the true diffusion ability of water molecules in the lesion.
In theory, when deriving the ADC value, a larger b value
should cause the lesion to exhibit relatively higher signal
intensity in DWI, producing greater lesion contrast in the
ADC map, and increasing the accuracy of the derived
ADC value. However, it is worth noting that increasing the
b value will likely result in an increase in the diffusion gra-
dient pulse time. The increased TE value can reduce the
SNR of DWI and impact on the image quality. Our results
show that the SNR of the lesion in DWI decreases follow-
ing an increase in b value. Hence, the b value should be set
between 500 and 800 s/ mm” to ensure good image quality
and an accurate ADC value, which is relatively close to the
true diffusion value.

Previously, image quality for abdominal imaging has
been relatively poor due to the impact of such factors as
abdominal breathing, cardiac motion and chemical shifts.
With the development of fast imaging techniques, i.e.
single-shot echo planar irnaging“om
performing abdominal DWI has improved rapidly
DWI has been widely applied to the detection and con-
firmation of cancer in liver, pancreas, kidney, colon and
prostate !, Tt has been reported that the characteriza-
tion sensitivity of MRCP combined with an enhanced
3D MRI scan for EHCC is 87%, and the characterization
specificity is 51%%. Our results demonstrate that DWI
has a greater detection sensitivity and specificity than
MRCP in terms of detection of EHCC. DWI reflects
microstructural changes in tumor cells, where increases

, the technology for
[15,16]

in the DWI signal are mainly caused by diffusion con-
trast, while T2W and T1W imaging cause signal increases
by relaxation time differences. EHCC leads to increased
cell density, diminished extracellular space, and restricted
movement of water molecules due to an increase of mac-
romolecular materials, all of which increase the EHCC
signal. DWI possesses good background suppression ef-
fects; blood vessels, the bile duct and intra-abdominal fat
all exhibit obvious low signal intensities. This increases
tumor contrast to surrounding tissues, which improves le-
sion detection and facilitates observation of the size and
scope of EHCC. DWT also provides a good image-based
reference for clinical treatment. By contrast, MRCP only
petrforms analysis over the site and shape of the bile duct
stricture, and does not provide intuitive data by which to
judge the characteristics and scope of the disease. When
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the cholangiocarcinoma is of an infiltrating growth along
the bile wall, MRCP shows the lesion as funnel-shaped or
a gradually narrowing cone shape, which is difficult to dif-
ferentiate from chronic inflammatory bile duct stricture.
It is also hard to distinguish non-typical cholangiolithiasis
and cholangiocarcinoma growing in the bile cavity, as both
exhibit low signal intensity filling defects in the high signal
intensity bile of MRCP. In theory, different compositions
and spatial distributions of lesion tissue and cells lead to
different diffusion coefficients, which can contribute to
the identification of bile duct lesions. This work shows
that with a b value of 500 S/mmz, the ADC value for
EHCC was (1.31 + 0.29) X 10°mm’/s, while the ADC
value for cholangiolithiasis was (0.48 + 0.22) X 10° mm?/s.
Hence, the measurement of lesion ADC wvalues is useful
for distinguishing non-typical cholangiolithiasis and chol-
angiocarcinoma growing in the bile cavity. However, due
to the fact that the size of the ROI often exceeds the size
of the thickened bile wall, it is difficult to derive an ac-
curate ADC value for cholangitis. Distinguishing between
cholangitis and EHCC only depends on changes in DWI
signal but lacks quantitative indicators.

There remain challenges in the use of DWI for exami-
nation of the bile duct. The EPI-DWI technique currently
in use employs small matrix scanning methods, which pro-
duce a low spatial resolution and SNR. The high frequency
switching of the high-intensity gradient field can easily pro-
duce eddy currents and is highly sensitive to magnetic field
inhomogeneities, which will result in unavoidable reverse
geometry of space attifacts and partial image signal loss.
These artifacts and signal loss become more obvious at air-
tissue interfaces. As the b value increases, these artifacts
worsen. In this study, one instance of undetected EHCC
was attributed to the interference of artifacts around the
common bile duct. In addition, the use of fat-suppression
techniques to avoid artifacts due to chemical shifts can
turther degrade image quality. The other exception in the
study was due to the partial malignant transformation of
bile duct adenoma, where the lesion was too small for the
DWI signal change to be obvious. Improvements to MR
technology may further enhance image quality in DWI.
Comparing with MRCP, DWI is a more intuitive approach
to detect and confirm the diagnosis for EHCC. The chol-
angiocarcinoma DWI results are still preliminary and more
research should be conducted to determine its value in
clinical applications.

COMMENTS

Background

Extrahepatic cholangiocarcinomas account for 65% of primary neoplasms of
the biliary tract. In recent years, improvement in imaging technology has sig-
nificantly improved the detection rate and accuracy of definitive diagnosis for
extrahepatic cholangiocarcinoma (EHCC). Diffusion-weighted imaging (DWI)
has recently emerged as a method for detecting cancers in the abdomen. This
study aimed to evaluate the usefulness of DWI in the differential diagnosis of
extrahepatic cholangiocarcinomas.

Innovations and breakthroughs
DWI has been increasingly used in a wide range of clinical applications. Although
the application of DWI in the diagnosis of various conditions has attracted in-
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creased attention and has become the focus of many researches, literature on
clinical application of DWI for the diagnosis of EHCC has not been observed.

Applications

The authors suggest that all patients presenting with an EHCC or who are
suspected to have EHCC, should have an abdominal DWI scan as a regular
diagnostic test. DWI can also provide additional clinically important information
in EHCC patients when added to routine bile duct MR imaging protocols.
Terminology

DWI is used to observe the random motion of water molecules in the body. The
degree of restriction to water diffusion in biologic tissue is inversely correlated
to the tissue cellularity and integrity of cell membranes. The motion of water
molecules is more restricted in tissues with a high cellular density, associated
with numerous intact cell membranes (e.g. tumor tissues). The degree of water
motion has been found to be proportional to the degree of signal attenuation
in DWI. Visual assessment of the relative tissue signal attenuation in DWI has
been applied to tumor detection and tumor characterization. By observing the
relative attenuation of signal intensity on images obtained at different b values,
tissue characterization based on differences in water diffusion becomes pos-
sible. More cellular solid tumor areas will continue to show relatively high signal
intensity in DWI. Therefore, the observation of the relative reduction of tissue
signal in DWI can help with the detection and confirmation of tumors.

Peer review

The authors compare DWI with magnetic resonance cholangiopancreatography
in 56 patients with suspected extrahepatic cholangiocarcinoma. Basically this is
an extremely interesting study for assessing the new DWI in more tumor enti-
ties. Itis nicely performed and provides a histopathological correlation.
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