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Abstract
AIM: To assess quantitative endoscopic ultrasound (EUS)-
guided elastography in the nodal staging of oesophago-
gastric cancers.

METHODS: This was a single tertiary centre study as-
sessing 50 patients with established oesophago-gastric 
cancer undergoing EUS-guided fine needle aspiration 
biopsy (FNAB) of lymph nodes between July 2007 and 
July 2009. EUS-guided elastography of lymph nodes 
was performed before EUS-FNAB. Standard EUS charac-
teristics were also described. Cytological determination 
of whether a lymph node was malignant or benign was 
used as the gold standard for this study. Comparisons 
of elastography and standard EUS characteristics were 
made between the cytologically benign and malignant 
nodes. The main outcome measure was the accuracy 
of elastography in differentiating between benign and 
malignant lymph nodes in oesophageal cancers.

RESULTS: EUS elastography and FNAB were performed 

on 53 lymph nodes. Cytological malignancy was found 
in 23 nodes, one was indeterminate, one was found to 
be a gastrointestinal stromal tumor and 25 of the nodes 
were negative for malignancy. On 3 occasions insuffi-
cient material was obtained for analysis. The area under 
the curve for the receiver operating characteristic curve 
for elastography strain ratio was 0.87 (P  < 0.0001). 
Elastography strain ratio had a sensitivity 83%, specific-
ity 96%, positive predictive value 95%, and negative 
predictive value 86% for distinguishing between malig-
nant and benign nodes. The overall accuracy of elas-
tography strain ratio was 90%. Elastography was more 
sensitive and specific in determining malignant nodal 
disease than standard EUS criteria.

CONCLUSION: EUS elastography is a promising mo-
dality that may complement standard EUS and help 
guide EUS-FNAB during staging of upper gastrointesti-
nal tract cancer.
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INTRODUCTION
Endoscopic ultrasound (EUS) is an integral investiga-
tion in the staging of  oesophageal and oesophago-gastric 
junctional tumours[1,2]. It provides both an accurate as-
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sessment of  the tumour (T) stage of  a cancer and associ-
ated lymphadenopathy (N)[3-5].

EUS lymph node assessment can be challenging. EUS-
guided fine needle aspiration biopsy (FNAB) of  lymph 
nodes remains the pre-operative gold standard for de-
termining nodal involvement, with diagnostic accuracy 
of  up to 95% reported in previous studies[6,7]. However, 
EUS-FNAB cannot be undertaken if  the needle passes 
through the primary tumour, and there can be technical 
difficulties in obtaining lymph node material for analysis. 

Using conventional grey-scale B-mode EUS, lymph 
nodes are characterised by size, shape, density and dis-
tinction of  the border in an attempt to distinguish be-
tween benign and malignant nodes[8]. However, the sen-
sitivity and specificity of  these features in distinguishing 
malignant involvement only exceeds 80% when all four 
of  these features are present[8]. 

Elastography measures the stiffness of  a structure and 
it is known that pathophysiological processes such as ma
lignancy lead to stiffer tissue that deforms less. Over the 
past 15 years, elastography during ultrasound has been 
applied to measure tissue elasticity in breast, thyroid and 
liver disease[9-13]. Initial studies assessing nodes with elas-
tography used processing to produce a colour elastogra-
phy image[14-16]. More recent software technology allows 
quantification of  the stiffness in the form of  strain. Com-
paring two different areas of  tissue allows calculation of  a 
strain ratio between the two.

There have been several recent reports using EUS elas-
tography to assess pancreatic lesions[17,18] as well as lymph 
nodes[13,18-20]. The results from these studies, using first 
wave software to produce descriptive colour elastograms, 
are encouraging, suggesting a high sensitivity and speci-
ficity for detecting malignant involvement. However, 
there is limited data on oesophageal cancer nodal staging. 
This study aimed to compare conventional EUS with 
quantitative EUS-guided elastography in the assessment 
of  nodal staging in oesophageal and junctional cancers 
and to assess whether quantitative EUS could accurately 
distinguish malignant from benign lymph nodes.

MATERIALS AND METHODS
Patients
This was a prospective single centre study. Glasgow Royal 
Infirmary is a West of  Scotland tertiary referral centre for  
EUS staging of  upper gastrointestinal tract cancers. All 
patients who, as part of  routine clinical care, were un-
dergoing EUS-FNA lymph node biopsy for staging of  
upper gastrointestinal tract cancer, during the period July 
2007 to July 2009, had elastography of  the node prior to 
sampling.

Instruments and technique
Initial staging EUS was undertaken by one of  two endos-
copists (SP/AJS) using a Pentax radial echoendoscope, 
attached to a Hitachi EUB-8500 ultrasound processor. 
Standard EUS grey-scale images of  suspicious lymph 
nodes were obtained and conventional characteristics of  
size, shape, distinction of  border and density were re-

corded. After the decision was made to undertake a FNA 
biopsy, a Pentax linear array echoendoscope was then 
used with the same ultrasound processor.

Elastography is a standard function of  the Hitachi 
EUB-8500 ultrasound processor. A conventional grey-
scale image was displayed on the right-hand side of  the 
monitor, while the superimposed elastography image was 
displayed on the left-hand side (Figures 1 and 2). The 
elastography image and measurements rely on compres-
sions from vascular pulsation and respiratory movement. 
Measurements were only taken when there was good con
tact and appropriate compression of  the transducer, as 
indicated on the elastography image on the ultrasound 
processor. Using the superimposed elastography image, 
the largest area possible of  the node was outlined, as was 
a similar sized area of  surrounding apparently normal 
tissue. The ultrasound processor measured the strain of  
each area as a quantitative figure and calculated a strain ra-
tio between the two areas. The strain ratio was recorded a 

Figure 1  Endoscopic ultrasound image of a malignant appearing lymph 
node. The right-hand side of the image displays all 4 of the conventional endo-
scopic ultrasound criteria characteristics of malignant nodes with regard to size 
(> 1 cm), shape (round), density (hypodense) and distinction of border (clear 
edge). The left-hand side of the image is a superimposed elastographic image 
with strain ratio measurement between an area of the lymph node and a sur-
rounding area of tissue.

Figure 2  Endoscopic ultrasound elastography of a benign lymph node. 
The right-hand side of the image displays standard grey-scale endoscopic 
ultrasound images while on the left is a superimposed elastography image. In 
the elastography image window the strain ratio measurements of the two areas 
outlined in the yellow circles is shown as a percentage in the top left-hand cor-
ner. The calculated strain ratio is shown as B/A. The elastographic signal is indi-
cated by the bar column in the bottom right of the elastographic image window.
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minimum of  three times prior to EUS-FNAB. The mean 
of  these recordings was calculated.

EUS-FNAB was performed using a Wilson Cook 22 
gauge needle. Three passes were obtained, the samples 
stored in formalin and sent to the laboratory for later 
cytological analysis by specialist pathologists who were 
blinded to the elastography values.

Statistical analysis
Cytological determination of  whether a lymph node was 
benign or malignant was used as the gold standard for the 
purposes of  this study, as surgical resection specimens 
and follow up imaging were not available. Comparison of  
the demographic variables between cytologically proven 
benign and malignant nodes was carried out using ei-
ther contingency table (χ 2) analysis or Mann-Whitney 
test, as appropriate. In order to assess the intra-observer 
variation, and hence the reproducibility, for strain ratio, 
8 patients had 8 strain ratio values determined and the 
coefficient of  variation was determined. In order to com-
pare the relative sensitivity and specificity of  the EUS 
elastography and 4 conventional EUS criteria (both indi-
vidually and in combination) with EUS-FNAB for detect-
ing malignant lymph nodes, the area under the receiver 
operator curve (ROC) was analysed. The area under an 

ROC curve (AUC) for a measurement to discriminate be-
tween two disease conditions may be viewed as the prob-
ability that the measurement would correctly discriminate 
between two patients, one with and one without disease, 
each selected randomly from their group (those with and 
without disease). Note that the P-value cited with a single 
ROC curve is for the rejection of  the null hypothesis that 
the expected value of  the strain ratio AUC = 0.50, i.e., 
non-informative, equivalent to flipping a fair coin; where-
as, the other P-values for AUCs other than the strain ratio 
ROC are for rejecting the null hypotheses that those ex-
pected values of  AUCs are no different than that of  the 
strain ratio AUC. Comparison between ROC curves AUC 
was undertaken by the statistics software package which 
uses the DeLong, DeLong, Clarke-Pearson methodolo-
gy[21]. Because of  the number of  statistical comparisons, a 
P value of  < 0.01 was considered to be significant. Analy-
sis was performed with the use of  Analyse-It Statistical 
Package (Analyse-it Software, Ltd. http://www.analyse-it.
com/; 2009).

RESULTS
Total numbers
EUS elastography, prior to lymph node EUS-FNAB, was 
performed in 53 patients undergoing EUS for oesoph-
ago-gastric cancer staging. Cytological evidence of  ma-
lignant disease was found in 23 nodes, while 25 nodes 
were considered benign (Figure 3). On 3 occasions insuf-
ficient node material was sampled to allow cytological 
analysis and on one occasion the cytological analysis was 
indeterminate. The pathological analysis of  one lesion in 
a patient with confirmed oesophageal adenocarcinoma 
revealed a gastrointestinal stromal tumor rather than a 
lymph node. 

Demographics
Patient demographics are shown in Table 1. There were 
no statistically significant differences between the cyto-
logically benign and malignant node groups.

Elastography strain ratio effectiveness and 
determination of strain ratio cut-off value
The ROC area under the curve, using elastography strain 
ratio, was 0.87 (95% CI: 0.75-1.00, P < 0.0001) (Figure 4). 
The strain ratio which was the optimal cut-off  point for 
distinguishing malignant from benign nodes was ≥ 7.5 as 
determined by a ROC sensitivity specificity decision plot 
(Figure 5), with a strain ratio above this indicating malig-
nant involvement. The likelihood ratio was 20.65 for a 
strain ratio of  7.5. This gave sensitivity 83%, specificity 
96%, positive predictive value (PPV) 95%, and negative 
predictive value (NPV) 86% (Table 2). The accuracy of  
elastography with a strain ratio ≥ 7.5 was 90%.

Comparison of elastography strain ratio vs other 
endoscopic ultrasound methods of distinguishing 
benign from malignant lymph nodes
ROC area under the curve comparisons showed that there 
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Figure 3  Plot of elastography strain ratio for cytologically proven benign 
or positive lymph nodes. The cut-off line of ≥ 7.5 is the optimal strain ratio 
for discriminating between benign and malignant lymph nodes.

Table 1  Demographic data of the cytologically confirmed be-
nign and malignant lymph node groups  n  (%)

 Benign node Malignant node

Gender M 20:F 5 M 18:F 5
Age (mean, yr) 66.8 67.9
Oesophageal adenocarcinoma     17 (68)     16 (70)
Oesophageal squamous cancer      5 (20)       7 (30)
Gastric adenocarcinoma    2 (8)     0 (0)
Barrett’s oesophagus with HGD    1 (4)     0 (0)

HGD: High-grade dysplasia; M: Male; F: Female. 
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was a trend for elastography strain ratio to be the best 
diagnostic test for distinguishing benign from malignant 
nodes when compared to standard EUS nodal assess-
ment, i.e., size, shape, density, distinction of  border and 
any combination of  these four conventional characteris-
tics, although statistical significance was reached for only 
individual comparisons of  size and clear edge (Figure 6 
and Table 3). 

Elastography strain ratio assessment was more accu-
rate than all other assessed EUS characteristics of  lymph 
nodes, with an accuracy of  90% (Figure 6, Tables 2 and 3).

Elastography strain ratio was favourable compared to 
other nodal assessments with regard to sensitivity, speci-
ficity, PPV and NPV (Table 2).

Intra-observer variation
The mean coefficient of  variation (CV) for all recorded 
node strain ratio recordings was 44.8%.  The mean CV 
for cytologically malignant nodes was 51.7%, while the 
mean CV for cytologically benign nodes was 34%.

DISCUSSION
This study has shown EUS-guided elastography to be ef-

Figure 4  Receiver operating characteristic curve for elastography strain 
ratio. The receiver operating characteristic area under the curve was 0.87  
(P < 0.0001).

Figure 5  Receiver operating characteristic sensitivity, specificity based 
decision plot to determine the optimal elastography strain ratio cut-off 
point. The sensitivity and specificity lines cross at strain ratio 7.5.

Table 2  Comparison of sensitivity, specificity, positive pre-
dictive value and negative predictive value for the ability of 
endoscopic ultrasound-based characteristics to differentiate 
benign from malignant lymph nodes  (%, CI)

Sensitivity Specificity PPV NPV Accuracy

Strain ratio 83 
(61-95)

96 
(80-100)

95 
(75-100)

86 
(67-96)

90 
(77-97)

4/4 conventional 
criteria present

22 
(07-43)

96 
(80-100)

83 
(36-99)

57 
(41-72)

60 
(45-72)

3/4 conventional 
criteria present

48 
(27-69)

84 
(64-96)

75 
(45-92)

64 
(45-80)

67 
(52-80)

Size > 1 cm 61 
(39-80)

64 
(43-82)

61 
(38-80)

64 
(43-82)

62 
(47-76)

Shape round 65 
(43-84)

84 
(64-96)

79 
(54-94)

72 
(53-87)

75 
(60-86)

Clear border 56 
(34-77)

68 
(47-85)

62 
(38-82)

63 
(42-81)

62 
(47-76)

Hypodense 70 
(47-87)

68 
(46-85)

67 
(45-84)

71 
(49-87)

69 
(53-81)

PPV: Positive predictive value;  NPV: Negative predictive value.

Figure 6  Receiver operating characteristic curve comparison of elastog-
raphy strain ratio against conventional endoscopic ultrasound criteria 
both in combination and individually (size > 1 cm, round, hypodense, 
clear edge).

ROC AUC P value1

Strain ratio 0.87 (0.75-1.00) NA
Number of conventional criteria 0.79 (0.66-0.92) 0.2846
Size > 1cm 0.62 (0.48-0.76) 0.0078
Shape round 0.75 (0.62-0.87) 0.1329
Clear edge 0.62 (0.48-0.76) 0.0035
Hypodense 0.69 (0.55-0.82) 0.0100

Table 3  The area under the curve for receiver operating 
curve characteristics for each endoscopic ultrasound-based 
modality for distinguishing benign from malignant nodes

1Comparison with strain ratio. The P value determined relates to the area 
under the curve (AUC) of an individual characteristic compared to elastog-
raphy strain ratio receiver operating characteristics (ROC) AUC. NA: Not 
available.
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fective for distinguishing between malignant and benign 
lymph nodes in patients with oesophago-gastric cancer 
and that it is more accurate than conventional EUS nodal 
characteristics. 

Elastography of  tissue is a new technology that has 
been successfully applied to several clinical fields. The 
specific modality of  EUS-guided elastography has been 
developed over the past few years and first generation 
technology using elastographic colour imaging has shown 
promising results in the assessment of  pancreatic disea
se[17,18]. There has also been encouraging, though limited, 
data on lymph node assessment[13,18-20]. 

Conventional EUS lymph node assessment using size, 
shape, density and distinction of  node border does not 
give adequate sensitivity and specificity to confidently 
distinguish between malignant and benign nodes. In this 
study, accuracy of  these characteristics is poor (Table 3). 
This is consistent with previously published data[8,19,22]. 

However, using EUS elastography with a strain ratio cut 
off  of  ≥ 7.5 for malignancy, we found a sensitivity and 
specificity of  83% and 96%, respectively. The ROC AUC 
was highest for strain ratio compared to all of  the conven-
tional EUS criteria, either individually or in combination. 
The strain ratio cut-off  point of  ≥ 7.5 to distinguish ma-
lignant nodal involvement was derived from a ROC sensi-
tivity and specificity decision plot. The specificity and the 
sensitivity using this strain ratio cut-off  point were 96% 
and 83%, respectively. 

Out of  the 23 cytologically determined malignant cas-
es, there were 4 cases where elastography strain ratio gave 
a false negative result. This may be explained by vascular 
or necrotic lymph nodes giving the elastographic appear-
ance of  soft tissue[19,23]. There were no surgical resection 
specimens in this study to confirm or refute this hypoth-
esis.

The gold standard for determination of  malignant 
cells within a lymph node at the time of  pre-operative 
staging remains FNAB. However, there are challenges en-
countered during endosonography such as large peri-tu-
moural reactive lymph nodal assessment, targeting which 
suspicious nodes on which to perform FNAB, and avoid-
ing passing the needle through interposed major neuro-
vascular structures. Although EUS-FNAB is considered 
the gold standard for the purposes of  this study, there 
are previous reports suggesting EUS-FNAB has a false 
negative rate of  5%-10%[24,25]. EUS-FNAB was used as 
the gold standard due to the lack of  availability of  routine 
imaging follow up or surgical resection specimens. This 
is a limitation of  our study. In this study, there was only 
one patient who had an apparently striking falsely positive 
strain ratio value of  47.0. Despite radical chemotherapy 
this patient has not progressed well with rapid deteriora-
tion. It is possible that the EUS-FNA was cytologically 
falsely negative, rather than there being a falsely positive 
elastography strain ratio value. 

Technical challenges were encountered in perform-
ing elastography during EUS. The technique relies on 
respiratory movement and vascular pulsation to generate 
appropriate compression displacement of  the digitalised 

radiofrequency echo lines. Obtaining consistent compres-
sion recordings was not always possible, leading to some 
variability in the elastogram produced, as has previously 
been described by other groups[26]. This will have led, in 
part, to the moderately large intra-observer variation cal-
culated which is a limitation of  this technique. It would 
have been desirable to have a coefficient of  variance 
not exceeding 30%. It is, however, worth noting that the 
intra-observer variation was only significant when strain 
ratio values were high and none of  the range of  values 
obtained changed the likelihood of  a node from being 
malignant to benign. 

The method described relies on comparison of  the 
strain within a node and surrounding tissue. This com-
parison assumes that the surrounding tissues are normal. 
It is recognised that the surrounding tissues may have 
different physical characteristics, which may influence the 
results. It is also worth noting that, as central necrosis and 
vascular invasion of  a lymph node occur, the strain with-
in the node may start to reduce as these “softer” compo-
nents of  the node are assessed. This is the basis of  a fifth 
colour pattern analysis described by other authors[18,23]. 
However, the use of  a strain ratio is an objective measure 
that is not limited by the inter-observer variability which 
is inherent in elastogram colour pattern analysis.

A limitation of  this study is that it was undertaken 
within a single centre. However, there are supporting data 
from a recently reported large European multi-centre 
trial. Giovannini et al[23] report on 38 cases of  oesophago-
gastric cancer staging EUS-guided elastography lymph 
node assessments in a larger cohort of  lymph node anal-
ysis. The elastography sensitivity and specificity of  91.8% 
and 82.5% recorded from this multicentre study are simi-
lar to those presented in this paper. The sensitivity and 
specificity recorded from the data presented in our paper 
are also similar to those found when cervical lymph 
nodes were assessed by sonographic elastography[19].

It is also recognised that there is the potential for selec-
tion bias within this study, in that all patients were having 
EUS-FNAB of  nodes which were considered suspicious 
for malignancy. However, it is proposed that this modal-
ity is used in those very situations where EUS-FNAB will 
have been contemplated but may not be practical.

Patients undergoing staging of  oesophago-gastric can-
cers are often subjected to several staging investigations. 
EUS-guided elastography offers an additional assessment 
of  any suspicious lymph nodes that can be undertaken 
at the time of  the standard EUS evaluation and is no 
more invasive. The recent change in the staging system 
for oesophago-gastric cancers means that the absolute 
number of  involved malignant nodes becomes critical in 
determining the tumour stage[27-30]. Therefore, any modal-
ity that improves nodal staging is of  critical importance. 
We believe EUS elastography is complementary to FNA 
in distinguishing between benign and malignant lymph-
adenopathy.

In conclusion, EUS elastography has been shown in 
this study to be superior to standard EUS assessment in 
characterising benign from malignant lymph nodes in 
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oesophago-gastric cancer. It appears complementary to 
current staging investigations and has the potential to im-
prove the staging and management of  this disease.
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