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Abstract

Purpose: To evaluate diffusion-weighted MR imaging
(DWI) in the diagnosis of lymph node metastases in
patients with cholangiocarcinoma.
Methods: In 24 patients with cholangiocarcinoma, MR
imaging of the upper abdomen was performed prior to
surgery at 1.5 T using a respiratory-triggered single-shot
echo-planar imaging (SSEPI) sequence (b values: 50, 300,
and 600 s/mm2). ADC (apparent diffusion coefficient)
values and diameters of regional lymph nodes (LN) were
determined. Subsequently, in all patients, surgical explo-
ration and/or resection of the primary tumor and
regional LN dissection were performed. Imaging results
were correlated with results of histopathologic analysis.
ADC values and diameters of benign and malignant LN
were compared using the Mann–Whitney U test. In
addition, a ROC (receiver operating characteristic curve)
analysis was performed.
Results: The mean ADC value (910-3 mm2/s) of
metastatic LN (1.21 ± 0.15) was significantly lower than
that of benign LN (1.62 ± 0.33, p < 0.001) while there
was no significant difference in the mean diameter of
malignant (16.8 ± 5.4 mm) and benign LN
(14.1 ± 4.0 mm; p = 0.09). Using an ADC value of
1.25 9 10-3 mm2/s as threshold, 91.4% of LN were
correctly classified as benign or malignant with a
sensitivity/specificity of 83.3%/92.8% and a positive/

negative predictive value of 66.7%/96.7%. The area
under the ROC curve was 0.93.
Conclusion: DWI using a respiratory-triggered SSEPI
sequence, according to our preliminary experience, is a
promising imaging modality in the differentiation of
benign and malignant LN in patients with cholangiocar-
cinoma.
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Cholangiocarcinoma, i.e., carcinoma arising from the
ductal epithelium of the intrahepatic, perihilar, and
extrahepatic bile ducts is rare and its prognosis is very
poor [1]. The only curative treatment is complete resec-
tion with negative surgical margins [1–5]. Preoperative
evaluation of the tumor is important in order to evaluate
resectability and the extent of surgery. This entails not
only determination of the exact boarders of the primary
tumor (T-staging) but also the detection of regional
lymph node metastases. The regional lymph nodes (LN)
include hilar, celiac, periduodenal, peripancreatic, and
superior mesenteric LN [6]. Usually, the criteria for
identification of metastatic LN on cross-sectional imag-
ing are as follows: larger than 10 mm in short-axis
diameter, presence of central necrosis, and hyperattenu-
ation compared to the liver in the portal venous phase if
CT imaging is used [7]. However, reported sensitivities
and specificities of CT, MR imaging, and FDG-PET inCorrespondence to: Konstantin Holzapfel; email: holzapfel@roe.med.
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the nodal staging of cholangiocarcinoma are moderate,
and false-negative cases are frequently encountered [8–
10]. In addition, false-positives can be seen, e.g., in pa-
tients with primary sclerosing cholangitis (PSC) where
reactively enlarged LN are a common finding. Therefore,
lymph node status cannot be reliably determined on the
current imaging system, and the presence of equivocal
LN cannot be used as a criterion for unresectability.
Some surgeons prefer paraaortic lymph node sampling
before proceeding to an intended curative resection [11,
12], and staging operation with LN sampling has been
suggested for unresectable cholangiocarcinoma prior to
liver transplantation [13].

Diffusion-weighted imaging (DWI) is a form of MR
imaging based on measuring the random Brownian
motion of water molecules within a voxel of tissue. In
recent years, DWI has been increasingly used for tumor
detection and characterization throughout the body [14].
In addition, there is an emerging role of DWI as a
potential MR biomarker [14]. Low apparent diffusion
coefficient (ADC) values seen in malignant tumors and
LN metastases probably reflect distinct histopathologic
features. In general, malignant tissues tend to be hyper-
cellular, nuclei are enlarged, hyperchromatic with abun-
dant macromolecular proteins [15]. In addition, the
extracellular space is small [15]. These factors reduce the
diffusion space for water protons in the intra- and
extracellular compartment resulting in a decrease of
ADC values. In contrast to metastatic nodes, benign LN
show lower cellularity, smaller nuclei, lower nucleus-to-
cytoplasma ratios, and more extracellular space, a tissue
architecture considered to allow better water diffusibility
and resulting in high ADC values compared to malignant
tissue [15, 16]. Regarding the diagnosis of LN metastases,
a potential role of DWI has been studied for a number of
tumors and regions of the body [17, 18]. In addition,
DWI has been evaluated in the diagnosis of the primary
tumor in patients with cholangiocarcinoma [19, 20],
however, to the best of our knowledge not in the diag-
nosis of LN metastases in these patients. Hence, the
purpose of our study was to evaluate DWI in the diag-
nosis of LN metastases in patients with cholangiocarci-
noma.

Materials and methods

Patients

The study was approved by our institutional review
board. As images were analyzed retrospectively in this
single-center study, the requirement for informed consent
was waived. A query of our image database revealed a
total of 78 patients with newly diagnosed cholangiocar-
cinoma who had undergone MR imaging between Jan-
uary 2007 and June 2013. In 34 of those patients, surgical
exploration and/or resection of the tumor including re-
gional LN dissection was performed. Only patients with

standardized MR examination performed at our insti-
tution including DWI of the upper abdomen were in-
cluded in the study. Therefore, the final study population
consisted of 24 patients (14 men, 10 women, mean age
65.4 ± 9.7 years, age range 41–83 years). Among those,
there were four patients with PSC.

Standard of reference

All patients underwent surgery and local LN dissection
was performed. Therefore, histopathologic confirmation
was available in all patients. A mean of 10.4 ± 7.9 LN
was resected in each patient (range 2–30). Intraopera-
tively, the localization of resected LN was documented in
order to allow correlation of imaging findings and results
of surgery and histopathologic analysis. In order to
correctly assign LN seen in DWI with intraoperative
findings and results of histopathologic analysis and to
optimize radiologic–pathologic correlation, a stepwise
approach was applied. Preoperatively, MR images were
analyzed by radiologist and surgeon in consensus.
Intraoperatively, hilar, celiac, periduodenal, peripancre-
atic, and superior mesenteric LN were assessed/resected.
Anatomic localization of resected LN was accurately
documented during surgery. Postoperatively, intraoper-
ative and pathologic findings were again correlated with
findings at MR imaging in consensus. In cases of clus-
tering of LN within the same anatomic region, the largest
LN were analyzed. LN diameters determined by patho-
logic analysis and MR imaging were used as a marker for
the radiologic–pathologic correlation.

MR imaging

MR imaging was performed on a 1.5-T system (Mag-
netom Avanto, Siemens Medical Solutions, Erlangen,
Germany) with two six-channel body phased array coils
anterior and two spine clusters (three channels each)
posterior. In addition to DWI (see below), at least a
coronal T2-weighted half-Fourier single-shot turbo spin-
echo (HASTE) sequence and an axial T2-weighted turbo
spin-echo sequence were acquired as well as an axial
dynamic T1-weighted, three-dimensional spoiled gradi-
ent-recalled echo sequence (volumetric interpolated
breath-hold examination (VIBE) sequence with spectral
fat saturation) following the intravenous administration
of Gd-DTPA.

Diffusion-weighted images were acquired using a
single-shot echo-planar imaging sequence. In order to
acquire images with a high contrast-to-noise ratio for
optimal conspicuity of LN while keeping the influence of
‘‘pseudodiffusion’’ by means of perfusion effects low, the
minimum gradient factor (b value) was set at 50 s/mm2.
Thus, the gradient factors (b values) were 50, 300, and
600 s/mm2. The technical parameters were as follows:
echo time, 69 ms; echo train length, 58; echo spacing,
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0.69 ms; receiver bandwidth, 1736 Hz/pixel; spectral fat
saturation; field of view, 263 9 350 mm; matrix,
144 9 192; section thickness, 5 mm. For shortening of the
echo train length, integrated parallel imaging techniques
(iPAT) by means of generalized autocalibrating partially
parallel acquisitions (GRAPPA) with a twofold accelera-
tion factor were used. For respiratory triggering, PACE
(prospective acquisition correction) was implemented.
Datawere acquired during the end-expiratory phase.DWI
was performed before the administration of Gd-DTPA.

Image analysis

Review of all MR images was performed on a commer-
cial PACS workstation (Easy vision, Philips, Best, The
Netherlands). Images acquired using DWI were evalu-
ated by a radiologist with 10 years’ experience who was
specialized in abdominal MR imaging. Images were
analyzed in random order. The reader was free to alter
window level and window width at his discretion. Except
for knowing that patients had been examined for known
or suspected cholangiocarcinoma, the reader was blinded
to MR imaging reports, findings of other MR sequences,
clinical history, and pathologic results. The reader doc-
umented presence and location of local LN. The reader
localized LN as hilar, celiac, periduodenal, peripancre-
atic, and superior mesenteric and was free to add any
additional information in order to be as precise as pos-
sible. The maximum diameter of each LN in the short
axis was measured. Diameter of LN was used as an
additional tool to optimize radiologic–pathologic corre-
lation. Only LN with a diameter of 8 mm and more were
included in the analysis. In addition, measurement of
ADC values was performed using DWI. A circular re-
gion of interest (ROI) encompassing as much of LN as
possible was drawn on the low b value (b = 50 s/mm2)
image (where LN show the highest conspicuity) and
transferred to the ADC map. Areas of marked signal
hyperintensity on T2-weighted images, suggestive of
necrosis, were excluded from the analysis.

Statistical analysis

Statistical analysis was performed using SPSS (version
16.0, SPSS Inc., Chicago, IL. USA) and Graph-Pad
Prism 4 software package for Windows. Imaging results
were correlated with results of histopathologic analysis.
ADC values and diameters of benign and malignant LN
were compared using the Mann–Whitney U test. In
addition, a ROC (receiver operating characteristic curve)
analysis was performed to determine the diagnostic
capability of ADC values in the differentiation of benign
from malignant LN and to determine the threshold of
ADC values providing the highest accuracy for dis-
criminating benign from malignant LN. Bonferroni
correction was used for multiple pairwise comparisons.

Results

A total of 70 LN were analyzed by DWI. In none of
these, LN necrosis was observed in MR imaging. Of the
70 LN, 13 LN in eight of the 24 patients were metastases,
57 LN were benign in pathology. In histopathologic
analysis, a total of 201 LN were reported. Of those 131
were not visible in DWI or too small for analysis (di-
ameter <8 mm). LN metastases were reported in nine of
the patients. Of those, one patient had LN metastases
that were not seen in DWI (diameter of £3 mm in
histopathology). The mean diameter of benign LN that
were analyzed by DWI was 14.1 ± 4.0 mm compared to
16.8 ± 5.4 mm of malignant LN. There was no statisti-
cally significant difference in the mean diameter of be-
nign and malignant LN (p = 0.09) (Fig. 1). The mean
diameter of LN in patients with PSC was 14.5 ± 3.5 mm
and was not significantly different from the mean
diameter of malignant LN (p = 0.18). On diffusion-
weighted MR images, metastatic nodes showed high
signal intensities at b values of 50, 300, and 600 s/mm2

and, consequently, low signal intensities on ADC maps
(Fig. 2). In contrast, most reactively enlarged benign
lymph nodes showed high signal intensities at b = 50 s/
mm2, comparatively low signal intensities at b = 600 s/
mm2 and were bright on ADC maps (Fig. 3). The mean
ADC value (910-3 mm2/s) of metastatic LN
(1.21 ± 0.15) was significantly lower than that of benign
LN (1.62 ± 0.33, p < 0.001) (Fig. 4). The optimal
threshold ADC value for differentiating between benign
and malignant LN determined by ROC analysis was
1.25 9 10-3 mm2/s. Applying this value, 91.4% of LN
were correctly classified as benign or malignant with a
sensitivity/specificity of 83.3%/92.8% and a positive/
negative predictive value of 66.7%/96.7%. The area un-
der the ROC curve was 0.93 (Fig. 5).

Fig. 1. Mean diameter of benign and malignant LN. There is
no statistically significant difference in the mean diameter of
benign and malignant LN (p = 0.09).
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Discussion

In our study, we demonstrated that in patients with
cholangiocarcinoma, ADC values of regional LN
metastases are significantly lower than those of benign
LN and thus, DWI seems to have the potential to elu-
cidate the differentiation between benign and malignant
LN.

Correct characterization of LN is crucial for staging,
therapy planning, and follow-up of patients with
cholangiocarcinoma. Although detection of enlarged LN
is possible by modern cross-sectional imaging modalities,
the differentiation between benign and malignant LN
remains challenging as none of the morphological crite-
ria, including size, shape, or presence of necrosis is
absolutely reliable.

Despite a statistically significant difference, consid-
erable overlap of ADC values of benign and malignant

Fig. 3. An enlarged LN adjacent to the portal vein (arrow) is hyperintense at a low b value, shows some signal loss at a higher b
value and has a high ADC value (1.46 9 10-3 mm2/s). In this case, no malignant LN were found in histopathologic analysis.

Fig. 4. Mean ADC values of benign and malignant LN. The
mean ADC value of metastatic LN was significantly lower than
that of benign LN (p < 0.001).

Fig. 5. ROC curve for differentiating benign from metastatic
LN using ADC values. The area under the ROC curve was
0.93.

Fig. 2. A moderately enlarged LN adjacent to the portal vein (arrow) is hyperintense at a low and a high b value and shows a
low ADC value (0.98 9 10-3 mm2/s). Histopathologic analysis revealed a LN metastasis.
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LN was observed in the present study (Fig. 4) and the
accuracy of diagnosing or excluding LN metastases is
<100%. However, the high negative predictive value
(96.7%) observed in the present study may serve as a
helpful indicator in the decision pro or against surgery.
Other studies have shown an overlap in ADC values of
the primary tumor in patients with intrahepatic and hilar
mass-forming cholangiocarcinoma [20]. Hence, an over-
lap of ADC values of LN metastases is not surprising.

Our study has some limitations. Firstly, although the
vendor supplied sequence was improved at our institu-
tion, susceptibility artifacts and image distortions along
the phase encoding gradient could not be eliminated
completely. Thus, only LN measuring 8 mm and more
were analyzed. Determination of accurate ADC values in
smaller lymph nodes currently seems to be unreliable.
Particularly, measuring ADC values adjacent to air-
containing organs remains challenging because of sus-
ceptibility artifacts. Furthermore, we want to stress that
the optimal threshold ADC value for differentiating be-
nign from malignant LN has to be determined for each
MR imaging system, as there are variations in MR units
and pulse sequences. Finally, the number of patients in-
cluded in our study was limited. In particular, the num-
ber of patients with PSC was very small.

DWI using a single-shot echo-planar imaging se-
quence is a promising tool for the differentiation of be-
nign and malignant LN in patients with
cholangiocarcinoma. As signal properties on DWI reflect
the microstructure and the physiologic state of tissue
independent from LN size, in the future it may be pos-
sible to characterize even small LN as benign or malig-
nant. However, further technical advances are necessary
to improve spatial resolution and to reduce susceptibility
and motion artifacts in DWI.
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