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also significantly higher than the values for conventional 
B-mode EUS imaging.
Conclusions  The present study demonstrated that EUS 
elastography is useful for diagnosing lymph node metasta-
sis of esophageal cancer.

Keywords  Diagnosis · Esophageal cancer · EUS 
elastography · Lymph node · Metastasis

Introduction

The prognosis of patients with esophageal squamous cell 
carcinoma (ESCC) is poor. The treatment is determined 
based on the preoperative tumor stage, with the lymph node 
stage considered the most important factor [1–3]. We use 
the diagnosis of lymph node metastasis to determine the 
treatment options for patients with esophageal cancer. The 
presence of either five or more positive nodes in any field, 
or metastatic nodes present in all three (cervical, medias-
tinal, and abdominal) fields have been considered indica-
tion for neoadjuvant chemoradiation therapy at our depart-
ment [4]. On the other hand, the indications for endoscopic 
resection of esophageal cancer are limited to cases with-
out lymph node metastasis. Therefore, the nodal status is 
essential information to determine the treatment strategies 
for both advanced and early esophageal cancer.

Although, techniques such as computed tomography 
(CT), magnetic resonance imaging (MRI), fluorine-18 
fluorodeoxyglucose positron emission tomography (FDG-
PET), and endoscopic ultrasound (EUS) are used to evalu-
ate lymph node metastasis [5, 6], the sensitivities and spe-
cificities of those modalities are still not satisfied.

Real-time tissue elastography (elastography) is a new 
imaging procedure used for the visualization of tissue 
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time tissue elastography to more accurately diagnose 
lymph node metastasis of esophageal cancer. The aim of 
this study was to evaluate the ability of EUS elastogra-
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esophageal cancer patients.
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lymph nodes using elastography and verified the valid-
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nodes from 35 patients treated by surgical resection were 
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operatively examined the lymph nodes of esophageal can-
cer patients with EUS elastography and compared its diag-
nostic performance with that of the conventional B-mode 
EUS images. A total of 115 lymph nodes from 31 patients 
were included.
Results  In study 1, lymph nodes were considered malig-
nant if 50 % or more of the node appeared blue, or if the 
peripheral part of the lesion was blue and the central part 
was red/yellow/green. The sensitivity and specificity of 
the elastography were 79.7 and 97.6  % with an accuracy 
of 93.8  %, which was significantly higher than the val-
ues for conventional B-mode imaging. In study 2, the 
sensitivity and specificity of the EUS elastography were 
91.2 and 94.5 % with an accuracy of 93.9 %, which was 
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elasticity which can be applied during ultrasound examina-
tion. The technology measures the degree of tissue defor-
mation after compression as an indicator of the stiffness 
of the tissue. Pathological changes are generally known to 
be correlated with changes in tissue elasticity. Generally, 
malignant tumors are harder than benign tumors [7]. The 
elasticity of a tissue is reconstructed within a sample area 
and translated into a color signal that overlies the real-time 
B-mode image. The elasticity of the sample area is clas-
sified relatively in 256 levels by elastography. The colors 
associated with hard, intermediate, and soft tissues are 
blue, green/yellow, and red, respectively.

Elastography is more useful for the diagnosis of cancer 
with regard to the visualization of tissue elasticity com-
pared to the conventional B-mode ultrasonography. Endo-
scopic ultrasound real-time tissue elastography (EUS elas-
tography) offers, as a new type of diagnostic information, 
the stiffness of the lymph node, allowing for more sophisti-
cated diagnostic performance.

The aim of this study was to evaluate the ability of EUS 
elastography to distinguish between benign and malignant 
lymph nodes from patients with esophageal cancer.

Materials and methods

Patients and clinical lymph node samples

Lymph nodes (n = 322) from 35 ESCC patients treated by 
surgical resection between October 2009 and August 2011 
in the Department of Frontier Surgery, Chiba University 
Graduate School of Medicine, was included in this study. 
All lymph nodes visualized by elastography were exam-
ined. In preoperative study, 31 patients were examined with 
EUS elastography for their cervical, mediastinal or abdom-
inal lymph nodes before operation. Written consent for this 
study was obtained from each patient before examinations.

Establishment of lymph nodes evaluation using EUS 
elastography

As the first step (study 1), the lymph nodes of patients 
with esophageal cancer treated by surgical resection were 
examined by elastography and conventional B-mode imag-
ing with a free hand linear array transducer before forma-
lin fixation. The description form with elastography was 
classified, and the diagnostic criteria for metastatic lymph 
nodes were developed. The ultrasound platform which 
was used in all studies was an EUB-7500 (Hitachi Medi-
cal Systems, Tokyo, Japan). We used a convex EUS probe 
(EG-3870UTK; Hoya: Pentax division, Tokyo, Japan). The 
technical details of using these instruments are described 
elsewhere [8].

We examined the removed lymph node adhered by sur-
rounding tissue (such as fiber or fat). We put each lymph 
node under the resected esophagus and scan the lymph 
node through the esophagus wall. Thereby, each lymph 
node could be visualized ultrasonographically and it was 
possible to obtain an image substantially similar to the 
image that has been examined in vivo using EUS elastog-
raphy. Elastographic and B-mode images were displayed 
simultaneously side by side. The lymph node character-
istics were carefully described for each lymph node: size 
(long axis), echogeneity (hypoechoic, hyperechoic), shape 
(round, oval, flat), border (regular, irregular), and elasto-
graphic pattern.

We compared the diagnostic performance of elastog-
raphy with that of the conventional B-mode technique. 
Lymph nodes were considered malignant if three or more 
of the following B-mode criteria were present: lymph node 
>5  mm in width, round shape, hypoechoic pattern, and 
smooth border [3].

Lymph nodes were considered malignant if 50  % or 
more of the node appeared blue, or if the peripheral part of 
lesion was blue and the central part was red/yellow/green. 
Lymph nodes were considered negative for metastasis if 
they showed homogeneous green/yellow/red, or a mosaic 
pattern of green/yellow/red, or less than 50 % of the node 
was blue. The background of the creation of the diagnostic 
criteria will be discussed later.

Upon the development of the diagnostic criteria for 
lymph node metastasis by elastography, we referred to a 
scoring system based on the elastographic patterns reported 
in previous studies [9–11].

Preoperative lymph nodes evaluation by EUS 
elastography

As the second step (study 2), we preoperatively exam-
ined the lymph nodes of ESCC patients by EUS elastog-
raphy and discriminated between benign and malignant 
nodes based on the newly-developed diagnostic criteria, 
and compared diagnostic performance of EUS elastogra-
phy with that of the conventional B-mode EUS imaging. 
To　collate the lymph node examined by EUS elastogra-
phy with the lymph node removed by the operation, we 
performed the following tasks: we recorded the posi-
tion, size, and shape of each lymph node in EUS elas-
tography, and at the time of operation, the position of the 
lymph node was checked, and the size and form of lymph 
node which was removed was again recorded with a free 
hand linear array transducer. We considered it the same 
lymph node whose position was the same, and size and 
form were most similar. A total of 115 lymph nodes were 
included. All lymph nodes visualized by EUS elastogra-
phy were examined.
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Statistical analysis

χ2 test or Fisher’s exact test was used to compare diagnos-
tic performance of elastography and B mode images. All 
calculations were done with SPSS 15.0 (SPSS Inc, Chi-
cago, IL). P values of less than 0.05 were considered to be 
statistically significant.

Results

The diagnostic criteria for lymph node metastasis 
by elastography

We classified the elastographic images into 4 patterns, as 
follows:

Pattern 1: relatively homogeneous coloring or areas 
of two or three different colors with red, yellow, green 
(Fig. 1a).

Pattern 2: areas of red, yellow, green and blue were 
mixed (Fig. 1b).

Pattern 3: almost the entire area was blue (Fig. 1c).
Pattern 4: the margin of the tumor was depicted in blue, 

and the center in red, yellow or/and green (Fig. 1d).
Although there are minor differences, all of the previ-

ous studies indicated that malignancy is suggested by an 
increased proportion of blue. Pattern 4 seemed to be a char-
acteristic finding that reflected the internal necrosis of can-
cer. When pattern 1 was assumed to be negative for metas-
tasis, and the rest was assumed to be positive, the negative 
predictive value was excellent, at 94.0  %. When patterns 
3 and 4 were assumed to be positive for metastasis, and 1 
and 2 were assumed to be negative, the positive predictive 
value was excellent, at 95.7 %. Therefore, it seemed to be 
reasonable to regard that pattern 1 as negative and patterns 
3 and 4 as positive findings. However, it was difficult to 
decide how to subdivide pattern 2 to increase the diagnostic 
performance.

To solve this problem, we measured the area of lymph 
node and the blue area inside as a circle or ellipse for every 
lymph node shown to be pattern 2, evaluated the percentage 
of blue, and a receiver operator characteristic curve was 
generated to determine the cut off value (Fig. 2). If the cut-
off value was assumed to be 50 %, the sensitivity was 85 % 
and the specificity was 89 %.

Therefore, the lymph nodes that were observed to be 
50 % or more blue were assumed to be metastasis positive 
in this study. In other words, the criteria for diagnosing 
negative lymph nodes using elastography were the image 
like pattern 1 and 2, and the image which the blue part of 
a lymph node was less than 50 % (Fig. 3a), and the cri-
teria for diagnosing positive lymph nodes were the pres-
ence of blue accountings for 50 % or more of the lesion 

(including pattern 3), and lesions characterized by pattern 
4 (Fig. 3b).

Typical images are shown in Fig.  4. The elastographic 
images are shown in upper stage, lower is pathological 
each. (a) A pattern 1 sample which was shown to be green 
by elastography and proved to be negative for metastasis. 
(b) A pattern 2 sample which blue dots were seen but the 
percentage compared with the whole area of the lymph 
node was small, and it was pathologically negative. (c) 
Also pattern 3 sample which the blue ratio among the 
lymph node is more than 50 % and proved to be positive for 
metastasis. Localization of blue indicated by elastography 
and localization of metastatic focus in pathological finding 
appears to be similar. (d) Also pattern 3 sample which was 
shown to be blue and proved to be metastatic positive. The 
occupation rate was 100 %. (e) A pattern 4 sample whose 
border of the lymph node was blue, and the inside was 
depicted with green, red, and yellow. It was pathologically 
positive for metastasis accompanied by necrosis inside.

Accuracy of the elastography in lymph node evaluation

Histological examination of the surgical specimens 
revealed benign tissue in 253 lymph nodes, and malignant 
tissue in 69 lymph nodes. The elastographic images were 
interpreted as benign in 247 lymph nodes, and malignant 
in 55 lymph nodes. The calculated sensitivity, specificity, 
positive and negative predictive values of the elastography 
were 79.7, 97.6, 90.2 and 94.6  %, respectively, with an 
accuracy of 93.8 %. The calculated sensitivity, specificity, 
positive and negative predictive values for the conventional 
B-mode images were 62.3, 60.6, 30.3 and 85.6 %, respec-
tively, with an accuracy of 61.1  %. The sensitivity and 
specificity of elastography were significantly better than 
those of the B-mode technique (Table 1). A detailed investi-
gation revealed that the smaller metastatic lymph node can 
be detected by elastography compared with B-mode. A rep-
resentative case is shown in Fig.  5. The lymph node was 
4 × 3.1 mm, round shape, smooth border, an internal echo 
was homogenous in B mode (Fig. 5a), and it was diagnosed 
as negative. On the other hand, the entire lymph node was 
shown to be blue by elastography, and the lymph node was 
classified as having Pattern 3, and was therefore diagnosed 
as positive (Fig.  5b). The pathological findings revealed 
that the whole lymph node was almost completely occu-
pied by the carcinoma cells (Fig. 5c).

In study 2, the histological examination of the surgical 
specimens revealed benign tissue in 91 lymph nodes, and 
malignant tissue in 24 lymph nodes. The images of EUS 
elastography were interpreted as benign in 86 lymph nodes, 
and malignant in 22 lymph nodes. The calculated sensitiv-
ity, specificity, positive and negative predictive values of 
the EUS elastography were 91.2, 94.5, 81.5 and 97.8  %, 
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respectively, with an accuracy of 93.9  %. The calculated 
sensitivity, specificity, positive and negative predictive val-
ues of the conventional B-mode EUS were 62.5, 73.5, 38.5 
and 88.2 %, respectively, with an accuracy of 71.3 %. The 
sensitivity and specificity of EUS elastography were signif-
icantly better than those of the B-mode technique (Table 2).

In study 2, with since the observation of anal side of the 
tumor which is making stenosis is difficult, and the lymph 
node at the position away from gastrointestinal tract can-
not be targeted for inspection, it is thought that there were 

fewer evaluation lymph nodes in one case in Study2 than 
Study1. The compression during EUS examination is natu-
rally obtained by arterial pulsations and respiratory move-
ments [12].

Discussion

It is important to comprehensively examine and fully 
understand the advantages and disadvantages of each 

Fig. 1   a Pattern 1: relatively 
homogeneous coloring or the 
areas with two or three differ-
ent colors (red, yellow, and/or 
green). b Pattern 2: red, yellow, 
green and blue were mixed. 
c Pattern 3: almost the entire 
area was observed to be blue. 
d Pattern 4: the margin of the 
tumor was depicted in blue, and 
the center was depicted in red, 
yellow or/and green
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modality that can be used to diagnose metastasis from 
esophageal cancer. Van Vliet et  al. reported that the ran-
dom effects pooled sensitivities of EUS, CT, and FDG-
PET for regional lymph node metastases were 0.80 (95 % 
confidence interval 0.75–0.84), 0.50 (0.41–0.60), and 
0.57 (0.43–0.70), respectively, and the specificities were 
0.70 (0.65–0.75), 0.83 (0.77–0.89), and 0.85 (0.76–0.95), 
respectively [13]. Sakurada et al. reported that the average 

patient-based sensitivity and specificity for the detection 
of lymph-node metastasis, using the diffusion-weighted 
whole-body magnetic resonance imaging with background 
body signal suppression (DWIBS) sequence, were 77.8 and 
55.6 % [6].

In our study, EUS elastography showed tremendous 
accuracy with high sensitivity and specificity. Although 
EUS cannot be used in cases of stenosis, and there are blind 

Fig. 2   Lymph nodes shown to 
be pattern 2 by elastography 
(N = 86) were evaluated for 
their percentage of blue, and a 
receiver operator characteristic 
curve was generated to deter-
mine the optimal cut-off value. 
This figure shows that if the 
lymph node is observed to be 
more than 50 % blue, it should 
be diagnosed as metastasis. This 
resulted in a sensitivity of 85 % 
and a specificity of 89 %

Fig. 3   Diagnostic criteria for 
metastatic lymph nodes by 
elastography are shown. Lymph 
nodes were considered nega-
tive for metastasis if showed 
homogeneous green/yellow/red, 
or a mosaic pattern of 
green/yellow/red, or less than 
50 % of the node was blue (a). 
Lymph nodes were considered 
malignant if 50 % or more of 
the node appeared blue, or the 
peripheral part of lesion was 
blue and the central part was 
red/yellow/green (b)
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areas (such as around the trachea) associated with the use 
of EUS, EUS allows for detailed observation of one area 
and so can provide a lot of information about that area. In 
addition, it is not affected by the pulsation of the heart and 

aorta, so it is considered to be the most accurate modality 
for the diagnosis of lymph node metastasis. EUS elastogra-
phy, as a new diagnostic strategy, evaluates the stiffness of 
the tissue as a means of tissue characterization, and more 

Fig. 4   Typical images are shown. The elastographic images are 
shown in upper stage, lower is pathological each. a A sample which 
was shown to be green by elastography and proved to be negative for 
metastasis. b A sample which blue dots were seen but the percentage 
compared with the whole area of the lymph node was small, and it 
was pathologically negative. c A sample which the blue ratio among 
the lymph node is more than 50  % and proved to be positive for 

metastasis. Localization of blue indicated by elastography and locali-
zation of metastatic focus in pathological finding appears to be simi-
lar. d A sample which was shown to be blue and proved to be met-
astatic-positive. The occupation rate was 100 %. e A sample whose 
border of the lymph node was blue, and the inside was depicted with 
green, red, and yellow. It was pathologically positive for metastasis 
accompanied by necrosis inside
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sophisticated diagnostic performance can be expected from 
this technique.

It is well recognized in the literature that the elastic prop-
erties of a tissue provide the means for not only characteriz-
ing that tissue, but also for differentiating normal from dis-
eased tissues. This conclusion is based on a wealth of data 
obtained in studies performed on excised breast specimens 
[14, 15] and clinical studies of various conditions conducted 
by numerous researchers worldwide [9, 16, 17].

Ultrasound elastography has been developed into an 
effective imaging method that can be used to estimate 

the local elastic properties of biological tissues [7]. Typi-
cally, an external, static, or quasi-static, compression is 
applied on the tissue. The resulting displacement distribu-
tion within the tissue is estimated using a cross-correlation 
analysis on the acquired pre- and post-compression radio-
frequency (RF) signals. The strain distribution is then 
calculated as the spatial gradient of the displacement [7, 
18]. By solving the inverse problem, the shear modulus, 
or Young’s modulus, can be reconstructed from the esti-
mated displacement and strain images, i.e., elastograms 
[19]. Several different elastographic methods and applica-
tions have been developed over the past few decades. For 
example, elastography has been successfully applied for 
the diagnosis of breast lesions and is currently used in the 
clinic [9, 20].

Studies using EUS elastography were first reported by 
Giovannni et al. [10]. Many of the studies using EUS elas-
tography have been reported on the pancreas and lymph 
nodes, although there have also been a few reports on the 
gastrointestinal tract and liver [12, 21–30].

Study 1 revealed that the sensitivity of elastography was 
significantly better than those of the B-mode technique. 
In order to investigate the reason for the improved perfor-
mance, the sensitivity of elastography and B mode imaging 
was compared by dividing the lymph nodes in 2 mm seg-
ments along the major axis (Fig. 6). The sensitivity of each 

Table 1   Elastography versus B mode image for diagnosis of lymph 
node metastasis

The results of the histological examination of the surgical specimens 
revealed benign tissue in 253 lymph nodes, and malignant tissue in 69 
lymph nodes. The elastographic images were interpreted as benign in 
247 samples, and malignant in 55 samples. The sensitivity and speci-
ficity of elastography were significantly better than those of B-mode 
imaging

Sensitivity Specificity Accuracy

Elastography (%) 79.7 (55/69) 97.6 (247/253) 93.8 (302/322)

B mode (%) 62.3 (43/69) 60.6 (154/253) 61.1 (197/322)

P value elastography 
vs. B mode

0.02 <0.01 <0.01

Fig. 5   The lymph node was 4  ×  3.1  mm, round shaped, had a 
smooth border, and the internal echo was homogenous in B mode (a). 
The entire lymph node was shown to be blue by elastography, and the 

lymph node was classified into Pattern 3 (b). The pathological exami-
nation revealed that the almost the entire lymph node was full of car-
cinoma cells (c)

Table 2   EUS elastography 
versus B mode EUS image 
for diagnosis of lymph node 
metastasis

The results of the histological examination of the surgical specimens revealed benign tissue in 91 lymph 
nodes, and malignant tissue in 24 lymph nodes. The images of EUS elastography were interpreted as 
benign in 86 samples, and malignant in 22 samples. The sensitivity and specificity of EUS elastography 
were significantly better than those of B-mode imaging

Sensitivity Specificity Accuracy

EUS elastography (%) 91.2 (22/24) 94.5 (86/91) 93.9 (108/115)

B mode EUS (%) 62.5 (15/24) 73.5 (67/91) 71.3 (82/115)

P value EUS elastography vs. B mode EUS 0.04 <0.01 <0.01
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size is shown as a bar graph. The sensitivity of elastography 
is shown as black bar, and B mode is shown as white bar.

As shown in the graph, the sensitivity of elastography 
tended to be higher than that of B mode in the lymph node 
smaller than 6 mm. The smallest size detected by elastog-
raphy was 3.4 mm in the major axis. The occupation rate 
was 100 %. Thus, elastography can detect small metastatic 
lymph nodes which could not detect previously by the 
other modality [31]. To make more precise criteria for met-
astatic lymph node, we think it is necessary to investigate 
the micrographics in detail and to compare the blue area of 
elastographic image and the metastatic lesion of a lymph 
node. This is the next task.

In study 2, EUS elastography was used preoperatively to 
examine the lymph nodes. The diagnostic performance of 

EUS elastography was compared with that of the B mode 
of EUS. The imaging of EUS elastography is almost the 
same as that of elastography with a free hand linear array 
transducer (Fig. 7). Therefore, it seemed to be reasonable to 
regard that the newly-developed diagnostic criteria can be 
used for EUS elastography.

Representative images are shown in Fig. 8. A left recur-
rent nerve lymph node was detected by EUS elastography 
(Fig.  8a). The lymph node was round and the size was 
6.6 ×  6.0  mm. It was shown to be almost blue and clas-
sified as pattern 3. The resected lymph node was exam-
ined by free hand probe (Fig. 8b). It was round shape and 
the size was 6.3 × 5.5 mm. It was classified as pattern 3. 
Pathological examination revealed that the lymph node 
was metastatic one (Fig. 8c). It was 6 mm in diameter. It 

Fig. 6   The sensitivity of elas-
tography and B mode imaging 
was compared by dividing the 
lymph nodes in 2 mm segments 
along the major axis. The sen-
sitivity of each size is shown as 
a bar graph. The sensitivity of 
elastography is shown as black 
bar, and B mode is shown as 
white bar. In the lymph nodes 
smaller than 6 mm, the sensitiv-
ity of elastography tended to 
be higher than that of B mode 
imaging

Fig. 7   The imaging of EUS 
elastography is almost the same 
as that of elastography with a 
free hand linear array transducer
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seemed that the image of free hand probe tended to become 
an oval or the flat form and we think the reason is because 
the pressure of free hand probe tended to be stronger than 
that of EUS probe.

In the examination with EUS, the sensitivity and the 
specificity of elastography were significantly better com-
pared with B mode images, and it was suggested that the 
technique could contribute to the preoperative diagnosis of 
the patient. The present study demonstrated that EUS elas-
tography could be useful for the preoperative diagnosis of 
lymph node metastases of esophageal cancer.
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