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Abstract
AIM: To assess the usefulness of contrast-enhanced 
harmonic endoscopic ultrasonography (CH-EUS) for 
lymph node metastasis in pancreatobiliary carcinoma.

METHODS: All patients suspected of pancreatobiliary 
carcinoma with visible lymph nodes after standard EUS 
between June, 2009 and January, 2012 were enrolled. 

Retrospective Cohort Study
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In the primary analysis, patients with successful EUS-
fine needle aspiration (FNA) were included. The lymph 
nodes were assessed by several standard EUS variables 
(short and long axis lengths, shape, edge characteristic 
and echogenicity), color Doppler EUS variable [central 
intranodal blood vessel (CIV) presence] and CH-EUS 
variable (heterogeneous/homogeneous enhancement 
patterns). The diagnostic accuracy relative to EUS-
FNA was calculated. In the second analysis, N-stage 
diagnostic accuracy of CH-EUS was compared with 
EUS-FNA in patients who underwent surgical resection.

RESULTS: One hundred and nine patients (143 
lymph nodes) fulfilled the criteria. The short axis cut-
off ≥ 13 mm predicted malignancy with a sensitivity 
and specificity of 72% and 85%, respectively. These 
values were 72% and 63% for the long axis cut-off ≥ 
20 mm, 62% and 75% for the round shape variable, 
81% and 30% for the sharp edge variable, 66% and 
61% for the hypoechogenicity variable, 70% and 72% 
for the CIV-absent variable, and 83% and 91% for 
the heterogeneous CH-EUS-enhancement variable, 
respectively. CH-EUS was more accurate than standard 
and color Doppler EUS, except the short axis cut-off. 
Notably, three patients excluded because of EUS-FNA 
failure were correctly N-staged by CH-EUS.

CONCLUSION: CH-EUS complements standard and 
color Doppler EUS and EUS-FNA for assessment of lymph 
node metastases. 

Key words: Contrast-enhanced harmonic endoscopic 
ultrasonography; Sensitivity and specificity; Lymph node; 
Pancreatobiliary carcinoma; Endoscopic ultrasonography-
fine needle aspiration
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Core tip: Diagnosis of malignant intra-abdominal 
lymph nodes is often challenging for endoscopists 
and radiologists. In the present study, the diagnostic 
accuracy for differentiating malignant from benign 
lymph nodes of standard endoscopic ultrasonography 
(EUS), color Doppler EUS, and contrast-enhanced 
harmonic (CH)-EUS relative to EUS-fine needle 
aspiration (FNA) was assessed. A secondary objective 
of the present study was to assess the N-stage 
diagnostic accuracy of CH-EUS and EUS-FNA in patients 
who underwent surgical resection. In conclusion, 
CH-EUS was more accurate than standard and color 
Doppler EUS, except the short axis cut-off. Notably, 
three patients excluded because of EUS-FNA failure 
were correctly N-staged by CH-EUS.
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INTRODUCTION
Accurate staging by using the tumor, node and 
metastasis (TNM) classification system is the most 
important variable for determining the optimal 
treatment of pancreatobiliary carcinomas. In particular, 
since the lymph node stage relates not only to the 
choice of treatment but also to the prognosis, it is 
essential that the techniques used for N-staging are 
reliable[1,2]. However, diagnosis of malignant intra-
abdominal lymph nodes is often challenging for endo
scopists and radiologists[3]. Several studies report that 
although endoscopic ultrasonography (EUS) (which 
has good spatial resolution) is useful for the differential 
diagnosis of malignant and benign lymph nodes, its 
diagnostic accuracy remains unsatisfactory[4-6]. By 
contrast, a cyto-pathological diagnosis via EUS-fine 
needle aspiration (FNA) is highly accurate. However, an 
accurate noninvasive evaluating method[7] is needed 
for cases in which a lymph node cannot be accessed 
for EUS-FNA or EUS-FNA does not obtain adequate 
material for analysis[8]. In addition, noninvasive 
methods could facilitate EUS-FNA by identifying the 
target lymph node for EUS-FNA, namely, the lymph 
node that is most suspicious of malignancy and whose 
sampling will shape treatment decisions. One such 
noninvasive evaluation method is vascular imaging. 
Although color Doppler imaging can evaluate the 
vasculature in lymph nodes, it has several limitations, 
including blooming, overpainting and motion artifacts. 
It is also difficult to evaluate perfusion by using color 
Doppler imaging. This problem was recently overcome 
by a revolution in US technology, namely, the invention 
of US contrast agents that, when combined with 
contrast harmonic imaging, make it possible to depict 
the microvasculature in real time[9]. Recently, EUS was 
equipped with this novel perfusion imaging technique, 
thus yielding contrast-enhanced harmonic EUS (CH-
EUS)[10,11]. 

In the present study, the diagnostic accuracy for 
differentiating malignant from benign lymph nodes of 
standard EUS, color Doppler EUS, and CH-EUS relative 
to EUS-FNA was assessed. For this, all patients with 
standard EUS-detected pancreatobiliary carcinomas 
with apparently visible intra-abdominal lymph nodes 
who underwent all four procedures during the study 
period were recruited prospectively and followed 
up. The CH-EUS variable that was analyzed was the 
detection of the microvasculature in visible lymph 
node(s); this was expressed as heterogeneous/
homogeneous enhancement. A secondary objective of 
the present study was to assess the N-stage diagnostic 
accuracy of CH-EUS and EUS-FNA in patients who 
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underwent surgical resection.

MATERIALS AND METHODS
Patients and study design
All consecutive patients who were suspected of 
having pancreatobiliary diseases due to CT, MRI, or 
transabdominal US results and who then underwent 
standard EUS between June, 2009 and January, 
2012 in a tertiary care referral center in Japan were 
recruited prospectively (Figure 1). All patients also 
underwent color Doppler EUS, CH-EUS, and EUS-FNA 
immediately after the standard EUS procedure. The 
primary objective of this study was to compare the 
diagnostic accuracy of standard EUS, color Doppler 
EUS and CH-EUS in terms of the ability to differentiate 
malignant nodes from benign nodes. For this primary 
retrospective analysis, only the patients from whom 
adequate and accurate EUS-FNA samples were 
retrieved and who were followed up for at least 12 mo 
after the standard EUS were included. The patients 
where a diagnosis was obtained by specimen histology 
rather than EUS-FNA because of EUS-FNA failure 
(sample inadequacy or lymph node inaccessibility) 
were excluded from this analysis because it was 
sometimes difficult to ensure that the lymph nodes 
harvested from surgical specimens were the same as 
those that were identified by imaging. 

The study also had a secondary aim, namely, to 
compare the accuracy of CH-EUS and EUS-FNA in 
terms of N-stage diagnosis in all of the patients in the 
original cohort who underwent surgical resection. 

The study was approved by the Institutional Review 
Board of Kinki University Faculty of Medicine. All 
patients provided informed consent with regard to the 
procedures and participation in the study. 

Equipment
An echoendoscope developed for CH-EUS (Olympus 
GF-UCT260; Olympus Medical Systems, Tokyo, Japan) 
was used. An ALOKA ProSound SSD α-10 (Aloka Co 
Ltd, Tokyo, Japan) was used for US imaging. For CH-
EUS, the extended pure harmonic detection mode was 
used. This mode selectively depicts signals from the 
microbubbles by simultaneously filtering the harmonic 
component and synthesizing the phase-shift signals. 
The preset variables were established for EUS and 
CH-EUS previously[10,11]. The transmitting frequency 
and mechanical indices were set at 4.7 MHz and 0.3, 
respectively. The frame rate was set at 10-15 frame 
per second. The focus point was set at the distal 
portion of the target lymph node. 

US contrast
Sonazoid (Daiichi-Sankyo, Tokyo, Japan; GE Healthcare, 
Milwaukee, Wis) was used as the US contrast agent. 
This second generation US contrast agent is composed 
of perfluorobutane microbubbles with a median diameter 

of 2-3 μm[12]. Sonazoid was reconstituted with 2 mL of 
sterile water for injection. A dose of 0.015 mL/kg body 
weight was used.

Standard EUS, color Doppler EUS and CH-EUS
During the EUS analyses, the patients were sedated 
by midazolam and propofol. Standard EUS, color 
Doppler EUS, and CH-EUS were performed by two 
endosonographers (Kitano M and Sakamoto H). One 
was responsible for the endoscopic manipulation and 
scanning and the other for operating the US image 
scanner. Both endosonographers (who were qualified 
by the Japan Gastroenterological Endoscopy Society) 
have had experience with CH-EUS for more than 10 
years: both have performed more than 1000 CH-
EUS procedures. Each examination was performed by 
using the same protocol. Thus, after a pancreatobiliary 
carcinoma was observed, the trans-gastric or trans-
duodenal approach was used to search for intra-
abdominal lymph node(s). If an apparently visible 
lymph node was detected, standard EUS was used to 
evaluate the size (i.e., the short and long axis lengths), 
shape (round or oval), edge characteristics (sharp or 
fuzzy), and echogenicity (hypo or hyper) of the lymph 
node. Thereafter, the imaging modality was changed 
to color Doppler EUS, which was used to determine 
whether a central intranodal blood vessel (CIV) was 
present in the lymph node. 

Subsequently, the specific mode for CH-EUS 
(extended pure harmonic detection mode) was selected 
and a bolus injection of Sonazoid was administered at 
a speed of 1 mL/s through a 22-gauge cannula that 
was placed in the antecubital vein. This was followed 
by a 10-mL saline solution flush to ensure that all 
contrast was administered into the circulation system. 
If there were multiple apparently visible lymph nodes, 
each was separately assessed by injecting US contrast 
agent, performing CH-EUS, and then conducting 
EUS-FNA. These multiple CH-EUS procedures were 
performed at intervals of at least 10 min, which was 
found to be sufficient for the US contrast from the 
preceding CH-EUS procedure to be washed out from 
all lymph nodes. All movie clips were stored on the 
hard disk of the scanner for offline analysis.

Image analyses
All standard EUS, color Doppler EUS and CH-EUS 
variables were measured independently in a blinded 
fashion by two readers (Kudo M and Imai H). Both 
have had experience with CH-EUS for more than 8 
years: both have read the data of more than 500 CH-
EUS procedures. The two readers evaluated the movie 
clips of the lymph nodes. They were told that the 
movie clips that they were evaluating were standard 
EUS/color Doppler/CH-EUS analyses of lymph 
nodes. However, they were blinded to all CT, MRI, 
transabdominal US, and standard EUS findings of the 
primary lesions. 
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CIV was defined as a tubular structure with a well-
defined smooth hyperechoic wall that was ≥ 1 mm in 
diameter, located toward the center of the lymph node, 
and demonstrated blood flow on color Doppler EUS 
(Figure 2A). Based on a previous report[4], the readers 
predicted that the lymph nodes were malignant if a 
CIV was absent (Figure 2B). The CH-EUS images were 
assessed to determine the enhancement patterns, 
which were classified as being heterogeneous or 

Receiver-operating characteristics (ROC) analysis 
was used to identify the standard EUS-detected short 
and long axis cut-off values that would optimize 
diagnosis of the lymph nodes. Based on a previous 
report[13], the readers predicted that the lymph nodes 
were malignant if they had a round shape and/or a 
sharp edge and/or exhibited hypoechogenicity on 
standard EUS. The color Doppler EUS images were 
assessed to determine whether CIV was present[4]. 
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Patients suspected of having pancreatobiliary disease by CT, MRI or transabdominal US  (183 pts)

Standard EUS

Detection of pancreatobiliary tumor with visible lymph node

Yes
(109 pts; 143 lns)

No
(74 pts)

Color Doppler EUS, CH-EUS and EUS-FNA of the standard EUS-detected lymph node

Adequate samples
(103 pts; 134 lns)

Adequate samples
(103 pts; 134 lns)Primary analysis

Surgery

Yes
(48 pts)

Excluded
(55 pts)

No
(55 pts)

Secondary analysis Included
(51 pts)

Inadequate samples (2 pts; 4 lns)
Failure (4 pts; 5 lns)

Excluded
(6 pts; 9 lns)

Surgery

Yes
(3 pts)

Excluded
(3 pts)

No
(3 pts)

Excluded
(74 pts)

Figure 1  Schematic depiction of patient selection and exclusion criteria. pts: Patients; lns: Lymph nodes. CT: Computed tomography; MRI: Magnetic resonance 
imaging; EUS: Endoscopic ultrasonography; FNA: Fine needle aspiration.

Figure 2  Typical examples of lymph nodes with (A) and without (B) a central intranodal blood vessel on color Doppler endoscopic ultrasonography. An 
apparently visible lymph node was detected in both A and B (arrowheads). A shows a tubular structure that was ≥ 1 mm in diameter and was located toward the 
center of the lymph node and demonstrated blood flow on color Doppler endoscopic ultrasonography (arrow).

1 cm 1 cm
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homogenous[14]. Based on a previous report[14], the 
readers predicted that the lymph nodes were malignant 
if heterogeneous enhancement was observed (Figures 
3 and 4, Video 1). 

Both of the blinded readers initially measured 
the standard EUS (shape, edge characteristics, and 
echogenicity), color Doppler EUS (CIV presence/
absence), and CH-EUS (heterogeneous/homogenous 
enhancement pattern) variables separately. Interobserver 
agreement between the two readers in terms of 
these measurements was assessed by calculating 
the κ-coefficient (Supplementary Tables 1-1 to 1-5). 
Thereafter, if there were discrepant findings between 
the two readers, they reassessed the relevant image(s) 
together until an agreement was reached.

EUS-guided FNA
The final diagnosis was based on histological and/or 
cytological analysis of samples obtained by EUS-FNA. 
After standard EUS, color Doppler EUS, and CH-EUS of 
each lymph node, EUS-FNA was performed with a 22- 
or 25-gauge aspiration needle (Echo Tip Ultra, Cook, 
Winston-Salem, NC, United States). Punctures were 
repeated until a sample was obtained; the maximum 
number of passes was five. A cytopathologist was 
present in the endoscopy room for on-site sample 
evaluation. After it was confirmed that adequate 
numbers of cells had been obtained, the samples were 
processed and evaluated in the pathology department 
by using Papanicolaou staining for cytology and 
hematoxylin-eosin staining for histology. If there were 
multiple apparently visible lymph nodes, EUS-FNA was 
performed separately on each lymph node: after each 
aspiration, the needles were changed.

Histology of resected lymph nodes
The lymph nodes that were surgically resected 
after imaging were also assessed by the pathology 
department for malignancy. For this, 51 patients were 
included (Figure 1). 

Study design
The primary objective was to compare the diagnostic 
accuracy of standard EUS, color Doppler EUS and CH-
EUS in terms of the primary end-point, which was the 

ability to differentiate malignant nodes from benign 
nodes. The secondary end-point was to compare the 
accuracy of CH-EUS and EUS-FNA in terms of N-stage 
diagnosis in patients who underwent surgical resection.

Statistical analyses
All data were analyzed by using SAS software version 
8.2 (SAS Institute, Cary, NC, United States). Differences 
between the EUS methods in terms of malignant lymph 
node detection were assessed by using McNemar’s test. 
A difference with P < 0.01 was regarded as significant. 
This approach was also used to test differences between 
benign and malignant lymph nodes in terms of CH-
EUS enhancement patterns. McNemar’s test was also 
used to compare CH-EUS and EUS-FNA in terms of 
their N-stage diagnostic accuracy in the patients who 
underwent surgical resection.

Interobserver agreement in terms of the EUS 
variables described above was also assessed. A 
κ coefficient of > 0.8 was considered to indicate 
excellent agreement, > 0.6 was considered to indicate 
good agreement, and > 0.4 was considered to indicate 
moderate agreement. The sensitivity, specificity and 
accuracy with which CH-EUS differentiated malignant 
from benign lymph nodes were calculated and com
pared to the values of standard and color Doppler 
EUS findings (short axis, long axis, shape, edge 
characteristics, echogenicity and CIV). The numbers 
of cases of discordance are shown in Supplementary 
Tables 2-1 to 2-6.

RESULTS
Patient recruitment 
During the study period, 183 patients suspected of 
pancreatobiliary disease underwent EUS and were 
enrolled prospectively. In 109 patients, EUS detected 
a pancreatobiliary carcinoma and one or more 
apparently visible intra-abdominal lymph nodes. 
The total number of detected lymph nodes was 
143. The remaining 74 patients were excluded from 
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                        Enhancement patterns
Heterogeneous                                   Homogeneous

Figure 3  Contrast-enhanced harmonic endoscopic ultrasonography 
-determined enhancement patterns of the lymph node. 

1 cm 1 cm

Figure 4  Typical example of a metastatic lymph node that shows 
heterogeneous enhancement on contrast-enhanced harmonic endoscopic 
ultrasonography (left, fundamental B mode; right, contrast harmonic 
mode). 
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analysis because a pancreatobiliary carcinoma and/
or apparently visible intra-abdominal lymph nodes 
were not detected. All 109 patients with apparently 
visible intra-abdominal lymph node(s) in standard EUS 
immediately underwent color Doppler EUS, CH-EUS, 
and EUS-FNA. In six patients (nine lymph nodes; 6.3% 
of the 143 apparently visible lymph nodes detected by 
standard EUS), the EUS-FNA samples of lymph nodes 
were inadequate (4 lymph nodes from 2 patients) and 
failed because the lymph node was in an inaccessible 
location (5 lymph nodes from 4 patients) (Figure 
1). These patients were excluded from the primary 
analysis cohort. Nevertheless, among these 6 patients, 
3 patients underwent surgical resection, and were 
included in the secondary analysis cohort (Figure 1). 
The remaining 103 patients (134 lymph nodes) were 
included in the primary analysis cohort (Figure 1). 

Diagnostic accuracy of standard EUS, color Doppler 
EUS and CH-EUS in lymph nodes with histological 
diagnosis obtained by EUS-FNA (primary analysis)
Table 1 displays the characteristics of these 103 
patients for the primary analysis cohort. The male:
female ratio was 68:35 and the median age was 65 
(range: 35-82) years. The median long and short 
axis lengths of the 134 lymph nodes were 18 (range: 
8-60) and 9 (range: 4-42) mm, respectively. The final 
diagnoses were pancreatic carcinoma (n = 67), bile 
duct carcinoma (n = 21), gallbladder carcinoma (n 
= 11), and ampullary carcinoma (n = 4). Standard 
EUS, color Doppler EUS and CH-EUS were successfully 
performed in all patients and associated adverse 
effects were not observed. Of the 134 lymph nodes, 
histological and/or cytological analyses of the samples 
obtained by EUS-FNA revealed that 47 were malignant 
lymph nodes and 87 were reactive lymph nodes. 
Adverse effects of EUS-FNA were also not observed. 
All 103 patients were followed up for at least 12 mo. 
None of the patients who were deemed to have benign 
lymph nodes after EUS-FNA and the other tests, and 
who did not undergo surgical resection of the nodes, 
exhibited any signs of lymph node malignancy during 
follow-up, as indicated by twice yearly standard EUS.

Standard EUS
ROC analyses revealed that a short axis of 13 mm or 
longer and a long axis of 20 mm or longer predicted 
malignancy with the best sensitivity and specificity 
(Supplementary Figures 1 and 2). A short axis of 13 

mm or longer predicted malignancy with a sensitivity, 
specificity and accuracy of 72% [95% confidence 
intervals (CI): 62%-81%)], 85% (95%CI: 79%-90%), 
and 81% (95%CI: 73%-86%), respectively (Table 2). 
A long axis of 20 mm or longer predicted malignancy 
with a sensitivity, specificity and accuracy of 72% 
(95%CI: 61%-82%), 63% (95%CI: 57%-68%), and 
66% (95%CI: 59%-73%), respectively (Table 2). A 
round shape predicted malignancy with a sensitivity, 
specificity and accuracy of 62% (95%CI: 51%-72%), 
75% (95%CI: 69%-80%), and 70% (95%CI: 
62%-77%), respectively (Table 2). A sharp edge 
predicted malignancy with a sensitivity, specificity and 
accuracy of 81% (95%CI: 71-89%), 30% (95%CI: 
24-34%), and 48% (95%CI: 41-53%), respectively 
(Table 2). Hypoechogenicity predicted malignancy 
with a sensitivity, specificity and accuracy of 66% 
(95%CI: 55%-76%), 61% (95%CI: 55%-66%), and 
63% (95%CI: 55%-70%), respectively (Table 2). 
Interobserver agreement testing revealed good (κ 
coefficient: 0.63, P < 0.01), moderate (κ coefficient: 
0.49, P < 0.01), and moderate (κ coefficient: 0.47, P 
< 0.01) agreement between the two readers in terms 
of the shape, edge characteristics, and echogenicity 
measurements, respectively (Supplementary Tables 
2-1 to 2-3).

Color Doppler EUS
The absence of a CIV predicted malignancy with 
a sensitivity, specificity and accuracy of 70% 
(95%CI: 59%-80%), 72% (95%CI: 66%-78%), 
and 72% (95%CI: 64%-78%), respectively (Table 
2). Interobserver agreement testing revealed good 
reproducibility between the two readers in terms of 
this measurement (κ coefficient: 0.69, P < 0.01) 
(Supplementary Table 2-4).

Contrast-enhanced harmonic EUS
All 134 lymph nodes yielded high-quality dynamic 
images on CH-EUS. Interobserver agreement testing 
revealed excellent reproducibility between the 
two readers in terms of detecting heterogeneous/
homogeneous enhancement patterns (κ coefficient: 
0.81, P < 0.01) (Supplementary Table 2-5). 

Table 3 lists the number and frequency of lesions 
in the benign and malignant lymph node groups that 
had a heterogeneous or homogeneous enhancement 
pattern after reassessment of discrepant findings 
by the two blinded readers. Of the 47 malignant 
lymph nodes, 39 (83%) exhibited heterogeneous 
enhancement in which the distorted tumor vessels 
could be clearly visualized (Figures 3 and 4, Video 1). 
Of the 87 benign lymph nodes, 79 (91%) exhibited 
homogeneous enhancement (Figures 3 and 5, Video 
2). The benign and malignant lymph node groups 
differed significantly in terms of the frequencies of 
homogeneous and heterogeneous enhancement (P 
< 0.01). When heterogeneous enhancement was 
deemed to indicate malignancy and homogeneous 
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Table 1  Characteristics of the patients in the primary analysis

Sex (M:F) 68:35
Median age 65 (35-82)
Median size (long axis × short axis) (mm) 18 (8-60) × 9 (4-42)
Final diagnosis (n) Pancreatic carcinoma 67

Bile duct carcinoma 21
Gallbladder carcinoma 11
Ampullary carcinoma   4

Miyata T et al . Contrast-enhanced harmonic EUS for lymph node



enhancement was deemed to indicate benignity, CH-
EUS differentiated malignant from benign lymph nodes 
with a sensitivity, specificity and accuracy of 83% 
(95%CI: 77%-89%), 91% (95%CI: 86%-94%), and 
88% (95%CI: 82%-93%), respectively (Table 2). 

Comparison of EUS imaging methods 
CH-EUS diagnosed malignant lymph nodes with a 
significantly higher diagnostic accuracy than most 
of the standard EUS variables (P = 0.001 vs the 
20-mm long axis cut-off, P = 0.008 vs the round 
shape variable, P < 0.001 vs the sharp edge variable, 
and P < 0.001 vs the hypoechogenicity variable, as 
determined by McNemar tests) or the color Doppler 
EUS CIV variable (P = 0.009). However, CH-EUS did 
not differ significantly from the 13-mm short axis cut-
off variable in terms of differentiating malignant from 
benign lymph nodes (P = 0.27) (Table 2).

Comparison of CH-EUS and EUS-FNA for N-staging in 
the surgically resected patients (secondary analysis)
Of the 109 patients in whom EUS detected a pancreato
biliary carcinoma and one or more apparently visible 
intra-abdominal lymph nodes, 48 patients underwent 
surgical resection and histological examinations of the 
resected lymph nodes (Figure 1). In addition, three 
patients whose EUS-FNA samples of lymph nodes were 
inadequate or failed EUS-FNA because the lymph node 

was in an inaccessible location underwent surgical 
resection, and were included in the secondary analysis 
cohort (Figure 1, Table 4). Thus, the secondary 
analysis cohort consisted of 51 patients. Comparison of 
the EUS-FNA and CH-EUS findings relative to surgical 
specimen histology revealed that six (including failed 
due to inadequate sampling and inaccessibility) and 
five of the 51 patients were misdiagnosed by EUS-FNA 
and CH-EUS, respectively. Thus, EUS-FNA and CH-EUS 
diagnosed the N-stage in the patients who underwent 
surgical resection with an accuracy of 88% and 90%, 
respectively (P = 0.50). 

It should be noted that three patients in the 
secondary analysis cohort were not included in the 
primary analysis cohort because EUS-FNA failed due 
to inadequate sampling or inaccessibility of the lymph 
nodes. All three patients were correctly N-staged by 
CH-EUS. One of these three patients was shown by 
standard and color Doppler EUS to have a long axis 
of 22 mm, a sharp edge, and to lack a CIV: all of 
these features predicted that the lymph node was 
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Table 2  Sensitivity, specificity, and accuracy with which CH-endoscopic ultrasonography, color Doppler endoscopic ultrasonography, 
and the standard endoscopic ultrasonography variables differentiate malignant from benign lymph nodes

 Sensitivity (95%CI) Specificity (95%CI) Accuracy (95%CI) P  value1

Short axis 13 mm or longer 72% (34/47) 
(62-81)

85% (74/87) 
(79-90)

81% (108/134) 
(73-86)

0.27

Long axis 20 mm or longer 72% (34/47) 
(61-82)

63% (55/87) 
(57-68)

66% (89/134) 
(59-73)

  0.001

Round shape 62% (29/47) 
(51-72)

75% (65/87) 
(69-80)

70% (94/134) 
(62-77)

  0.008

Sharp edge 81% (38/47) 
(71-89)

30% (26/87) 
(24-34)

48% (64/134) 
(41-53)

< 0.001

Hypoechogenicity 66% (31/47) 
(55-76)

61% (53/87) 
(55-66)

63% (84/134) 
(55-70)

< 0.001

CIV absent 70% (33/47) 
(59-80)

72% (63/87) 
(66-78)

72% (96/134) 
(64-78)

  0.009

Heterogeneous (CH-EUS) 83% (39/47) 
(77-89)

91% (79/87) 
(86-94)

88% (118/134) 
(82-93)

1Compared with contrast-enhanced harmonic endoscopic ultrasonography (CH-EUS), as determined by McNemar’s test. CIV: Central intranodal blood 
vessel.

Figure 5  Typical example of a reactive lymph node that shows 
homogeneous enhancement on contrast-enhanced harmonic endoscopic 
ultrasonography (left, fundamental B mode; right, contrast harmonic 
mode).

1 cm 1 cm

Table 3  Number of lymph nodes in the benign and malignant 
groups that exhibited heterogeneous and homogeneous 
enhancement on contrast-enhanced harmonic endoscopic 
ultrasonography

 Number with each enhancement pattern

Final diagnosis Heterogeneous Homogeneous Total
Malignancy 39   8   47
Benign   8 79   87
Total 47 87 134
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malignant. By contrast, CH-EUS revealed that this 
lymph node had homogeneous enhancement, which 
was deemed to indicate a benign lymph node. The 
patient underwent surgery and indeed, histological 
examination of the lymph node resected during 
surgery revealed that it was benign. With regard to 
the remaining two patients, between two and four of 
the six standard EUS and color Doppler EUS variables 
predicted that they were benign. By contrast, CH-EUS 
revealed that it had heterogeneous enhancement, 
which was deemed to indicate a malignant lymph 
node. Indeed, histological examination of the lymph 
nodes resected during surgery revealed that those 
lymph nodes were malignant. 

DISCUSSION
A study by Gill et al[13] identified several morphological 
characteristics that can be detected by standard EUS 
that can help to distinguish between malignant and 
benign lymph nodes. Multivariable analysis revealed 
that in particular, a round shape, a sharp edge, 
and a short axis that exceeded 8.3 mm associated 
significantly with malignant cytology. However, the 
predictive accuracy of these features was limited. The 
present study also assessed the ability of a round 
shape, a sharp edge, hypoechogenicity, a ≥ 13 mm 
short axis length, and a ≥ 20 mm long axis length 
to distinguish between benign and malignant lymph 
nodes. However, like Gill et al[13], we found that the 
diagnostic accuracy of these features was limited.

An alternative method is color Doppler EUS. 
Sawhney et al[4] reported that the absence of CIV 
on color Doppler EUS is a strong and independent 
predictor of metastatic lymph node. In our study, 
however, the absence of CIV on color Doppler EUS did 
not predict malignancy better than the standard EUS 
variables. This may reflect differences between our 
study and theirs in terms of the way the lymph nodes 
were selected: Sawhney et al[4] only included lymph 
nodes that were 10 mm or longer, whereas in the 
present study, smaller lymph nodes were included (64 
had a short axis diameter of less than 10 mm). This 
difference may relate to the fact that we evaluated 
all apparently visible lymph nodes found during 
the standard EUS procedure by color Doppler EUS. 
Therefore, the lymph nodes evaluated in the current 
study were relatively smaller than those examined 

by Sawhney et al[4]. Since some small benign lymph 
nodes may not exhibit CIV, this may have resulted 
in the relatively lower specificity associated with this 
variable in our study. 

Another alternative method is contrast-enhanced 
color Doppler EUS with US contrast agent. Kanamori et 
al[15] reported that defective enhancement on contrast-
enhanced color Doppler EUS using the first generation 
US contrast agent Levovist, (Nihon Schering Co., 
Ltd., Tokyo, Japan) predicted lymph node malignancy 
significantly more accurately than standard EUS 
variables. Hocke et al[8] also reported that that an 
irregular appearance of the vessels (or the presence 
of arterial vessels only) on contrast-enhanced Doppler 
EUS using the second generation US contrast agent 
SonoVue (BR1, Bracco, Italy) predicted lymph node 
malignancy significantly better than standard EUS 
variables. However, as with the study by Sawhney et 
al[4], the lymph nodes examined in these studies were 
relatively larger than those in our study. 

Recently, the combination of the second generation 
US contrast agent Sonazoid and low mechanical index 
imaging techniques has led to CH-EUS being used 
for perfusion imaging, which facilitates the depiction 
of tumor vascularity[10,16-18]. Sonazoid resonates with 
a low acoustic power and thus allows us to perform 
CH-EUS. We showed previously that this method has 
an excellent ability to differentiate malignant from 
benign lesions without Doppler-related artifacts, 
even when the lesions are small[19]. Heterogeneous 
enhancement was observed in 39 of 47 (83%) 
malignant lymph nodes. This is consistent with the 
observation of a pathology-based study[20] that showed 
that the vascular architecture of malignant lymph 
nodes is characterized by caliber fluctuations, an 
irregular coarse, sinusoid formation, and arteriovenous 
shunts. In the current study, interobserver agree
ment regarding CH-EUS results revealed excellent 
reproducibility between the two readers (κ coefficient: 
0.81). Another report also showed that CH-EUS yielded 
highly reproducible findings with regard to malignant 
lymph nodes[21]. Indeed, its reproducibility was higher 
than that of MDCT[22] and all of the standard EUS 
findings that were measured in the present study. 
However, it should be noted that in the current study, 
the readers were experts who had practiced CH-EUS 
for more than 8 years; each had read the data of more 
than 500 CH-EUS procedures. It is possible that the 
reproducibility of CH-EUS findings among beginners 
may be low, although Gincul et al[21] did not detect 
significant differences between experts and beginners. 
Fusaroli et al[23] also reported that among three 
parameters (uptake, pattern, and washout) of CH-
EUS for solid pancreatic lesion, pancreatic cystic lesion, 
and submucosal lesion, the reproducibility between 
experienced and non-experienced endosonographers 
did not differ significantly. This issue must be validated 
in future series. 

Another alternative method is EUS elastography. 
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Table 4 Characteristics of the patients in the secondary 
analysis

Sex (M:F) 32:19
Median age 66 (37-79)
Median size (long axis × short axis) (mm) 20 (8-60) × 10 (4-42)
Final diagnosis (n) Pancreatic carcinoma 29

Bile duct carcinoma 12
Gallbladder carcinoma   7
Ampullary carcinoma   3
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EUS elastography has been presented as a novel 
technique to assess tissue elasticity and has been 
used to differentiate between malignant and benign 
lymph nodes. Several different variables have been 
used in EUS elastography as a measure of tissue 
elasticity, namely, color patterns[24-29], strain ratio[30,31], 
hue histogram analysis[32,33] and artificial neural 
networks[34,35]. Wei et al[36] report a meta-analysis that 
included seven articles and a large number of lymph 
nodes (368 patients with 431 lymph nodes). The 
sensitivity and specificity of EUS elastography for the 
differential diagnosis of benign and malignant lymph 
nodes were 88%, and 85%, respectively. The area 
under the summary receiver operating characteristic 
curve was 0.9456. However, the sensitivity and 
specificity of this method varied greatly between 
studies[36]. Thus, CH-EUS should be compared to EUS 
elastography in terms of its ability to differentiate 
malignant from benign lymph nodes in further studies. 
In addition, it may be useful to evaluate whether these 
imaging methods could complement each other or 
other methods. 

EUS-FNA is also useful for differentiating malignant 
from benign lymph nodes. Since EUS-FNA is highly 
specific in terms of identifying malignant lymph nodes, 
most cases where EUS-FNA reveals the presence of 
atypical cells in the lymph nodes have a final diagnosis 
of malignant lymph node[37]. However, false-positive 
and false-negative EUS-FNA results remain possible. 
Jason et al[38] report that in their series, the EUS-
FNA false-positive and false-negative rates of intra-
abdominal lymph node diagnosis were 0.7% and 5.8%, 
respectively. The present study suffers a limitation in 
relation to this: we cannot be certain that the EUS-
FNA findings of the lymph nodes analyzed in the 
primary analysis were correct. For this reason, only 
patients who were followed up for at least 12 mo were 
included in the primary analysis. None of the patients 
with apparently benign lymph nodes exhibited signs of 
lymph node malignancy during this follow-up period. 

Another limitation of EUS-FNA is that it cannot be 
performed in all cases because of intervening vessels 
and/or the difficult location of the lymph node, which 
could, for example, lead to an excessively large scope 
angle or distance from the probe. These problems 
suggest that CH-EUS technology may complement 
EUS-FNA-based histological and/or cytological diagnoses. 
This notion is supported by the four studies that have 
compared CH-EUS and EUS-FNA previously. All were 
for pancreatic masses. Napoleon et al[39] report that 
of five adenocarcinomas that had false-negative EUS-
FNA results, CH-EUS revealed hypo-enhancement 
in four. Gincul et al[21] also report that all five false-
negative EUS-FNA cases were correctly classified by 
CH-EUS. Moreover, Kitano et al[19] report that when 
CH-EUS was combined with EUS-FNA, the sensitivity 
of EUS-FNA increased from 92.2% to 100%. Fusaori 
et al[40] also report that CH-EUS increased the detec

tion of malignant pancreatic lesions in difficult cases 
(patients with chronic pancreatitis or biliary stents) 
and helped guide EUS-FNA. The present study showed 
that at least in the patients who underwent surgical 
resection, CH-EUS and EUS-FNA did not differ in terms 
of N-staging diagnostic accuracy. However, CH-EUS 
correctly N-staged three patients in which EUS-FNA 
sampling failed because of lymph node location or 
were inadequate. This is the first report to indicate that 
CH-EUS complements EUS-FNA in terms of N-staging 
in patients with pancreatobiliary neoplasms. 

The present study had some limitations. Multiple 
lymph nodes in one patient were included in the 
primary analysis because it was unclear which of these 
lymph nodes should be sampled; thus, all apparently 
visible lymph nodes were sampled. This could have 
introduced a bias in terms of lymph node selection. 
In addition, EUS-FNA was the gold standard in the 
primary analysis, even though the accuracy of EUS-
FNA may be limited, as discussed above. Histology of 
resected specimens yields the most accurate diagnosis. 
However, it is difficult to identify during surgery which 
lymph nodes were previously evaluated by standard 
EUS, color Doppler EUS, or CH-EUS. For this reason, 
EUS-FNA served as the gold standard in the primary 
analysis.

In conclusion, CH-EUS depicted the microvasculature 
of intra-abdominal lymph node very clearly. Thus, it 
may be a useful modality for differentiating malignant 
from benign lymph nodes in patients with pancreato
biliary carcinomas and may complement standard 
EUS, color Doppler EUS and EUS-FNA, all of which 
have limitations. In addition, it may be helpful for 
determining the lymph nodes that should be subjected 
to EUS-FNA. In view of the high accuracy described in 
this study, in the future, CH-EUS may help to detect 
the in-operable stage better and thereby helps to 
avoid unnecessary surgery. Hence, CH-EUS will play 
an important role in determining the optimal treatment 
of pancreatobiliary carcinomas. However, given that 
the sample size of this study was relatively small and 
all CH-EUS procedures were performed in a single 
medical unit, an additional study that confirms the 
value of CH-EUS for differentiating malignant from 
benign lymph nodes is warranted.

COMMENTS
Background
Accurate staging by using the tumor, node and metastasis (TNM) classification 
system is the most important variable for determining the optimal treatment of 
pancreatobiliary carcinomas. In particular, since the lymph node stage relates 
not only to the choice of treatment but also to the prognosis, it is essential that 
the techniques used for N-staging are reliable. 

Research frontiers
A cyto-pathological diagnosis via endoscopic ultrasonography (EUS)-fine 
needle aspiration (FNA) is highly accurate. Noninvasive methods could facilitate 
EUS-FNA by identifying the target lymph node for EUS-FNA, namely, the lymph 
node that is most suspicious of malignancy and whose sampling will shape 
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treatment decisions. Standard EUS can help to distinguish between malignant 
and benign lymph nodes, although the predictive accuracy of these features 
was limited. US contrast agents that, when combined with contrast harmonic 
imaging, make it possible to depict the microvasculature in real time. Recently, 
EUS was equipped with this novel perfusion imaging technique, thus yielding 
contrast-enhanced harmonic EUS (CH-EUS).

Innovations and breakthroughs
This is the first study to evaluate the diagnostic accuracy of CH-EUS for 
differentiating malignant from benign lymph node, compared with standard 
and color Doppler EUS. CH-EUS was more accurate than standard and color 
Doppler EUS. Notably, three patients with EUS-FNA failure were correctly 
N-staged by CH-EUS.

Applications
The results of this study suggest that it may be a useful modality for 
differentiating malignant from benign lymph nodes in patients with 
pancreatobiliary carcinomas and may complement EUS-FNA. In addition, it may 
be helpful for determining the lymph nodes that should be subjected to EUS-
FNA. Application of CH-EUS to staging will help patients avoid unnecessary 
surgery.

Terminology
Color Doppler imaging has several limitations, including blooming, overpainting 
and motion artifacts. It is also difficult to evaluate perfusion by using color 
Doppler imaging. This problem was recently overcome by a revolution in US 
technology, namely, contrast harmonic imaging which makes it possible to 
depict the microvasculature in real time. Recently, EUS was equipped with this 
novel perfusion imaging technique, thus yielding CH-EUS.

Peer-review
The authors demonstrated the clinical utility of CH-EUS as a diagnostic tool for 
detecting lymph node metastasis in patients with pancreatobiliary carcinoma. 
This paper is informative and interesting for the further developments of 
imaging approaches.
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