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ABSTRACT
Objective: The aim of this study was to evaluate the compressive sonoelastography findings of primary
esophageal carcinoma.

Materials and Methods: Esophageal specimens of the patients with a tumor staged earlier than T2, with no
lymphadenopathy or distant metastasis, who underwent surgery, were evaluated by compressive sonoelas-
tography under ex vivo conditions immediately following surgical excision. The compressive sonoelastog-
raphy findings of primary esophageal carcinoma were recorded. Compressive sonoelastography measure-
ments were made according to the esophageal muscle because of lack of fat tissue.

Results: The mean elasticity score was 3+ | (range, 1-4), and the mean strain ratio was |+0.9 (range, 0.3-2.9).
Conclusion: Primary esophageal carcinoma is stiff based on the elasticity score, and it demonstrated a mean
strain ratio similar to the esophageal muscle.
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Introduction

Esophageal carcinoma is a very aggressive neoplasm with high mortality, and it is reported as
the sixth leading cause of carcinoma death in 2012 [1]. Despite improvements in diagnostic and
management strategies, the prognosis remains unfavorable [2]. A minority of patients (I5%-
30%) survive beyond 5 years postoperatively [3, 4]. The increasing incidence and poor prognosis
of esophageal carcinoma poses a major global public health problem [5].

Several imaging modalities can be used in the diagnostic evaluation, including barium esophago-
gram, upper gastrointestinal endoscopy, computed tomography, and magnetic resonance imag-
ing. However, to the best of our knowledge, there are no studies evaluating compressive sono-
elastography findings of esophageal carcinoma.

Elastography is a strain imaging technique that assesses the tissue stiffness and creates a visual
representation of the distribution of stiffness in the region of interest [6]. The tissue stiffness is
estimated by measuring the strain of the tissue in response to mechanical stress, either by local
compression or vibration.

In the present study, we aimed to evaluate the immediate postoperative compressive sonoelas-
tography findings of esophageal carcinoma.

Materials and Methods
This research was designed as a prospective study and was approved by the local ethics commit-
tee. Informed consent was obtained from all patients.

Patients

Between January 2014 and June 2015, a total of 21 consecutive patients (12 males and nine
females; mean age 67 years, interquartile range 47-82) were evaluated by upper gastrointestinal
endoscopy and computed tomography, or positron emission tomography, before surgery. Ten
patients with tumors at a stage earlier than T2 and with no lymphadenopathy or distant metas-
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tasis underwent surgery. Patients with a higher
carcinoma stage, lymphadenopathy, or distant
metastasis managed by radiotherapy or chemo-
therapy were excluded from the study (n=11).

Compressive sonoelastography

Immediately following the surgical excision, each
specimen (tumor containing esophagus tissue)
was evaluated by compressive sonoelastogra-
phy in the operating room. All specimens were
evaluated by the same physician (ADK). Speci-
mens were placed on a firm table to allow the
evaluation of stiffness. The B-mode ultrasonog-
raphy and freehand compressive sonoelastogra-
phy were performed using a EUB-6500 (Hitachi
Medical, Tokyo, Japan) scanner. The width of the
largest lesion was recorded. Sonoelastograms

Table 1. Demographic, sonoelastographic, and
prognostic features of the cases (n=10)
MeanzSD
or Frequency

VARIABLE (percentage)  Interval
Age 6411 47-82
Gender

Male 4 (40%)

Female 6 (60%)
Location

Distal esophagus 10 (100%)
Pathology

Squamous cell carcinoma 9 (90%)

Adenocarcinoma I (10%)
Diameter (cm) 4.2%1.6 2.5-7
Differentiation grade

| 3 (30%)

2 6 (60%)

3 I (10%)
Invasion

Submucosa I (10%)

Muscularis propria 3 (30%)

Adventitia 6 (60%)
Lymph node 1.2+1.8 0-6
Vascular invasion

No 6 (60%)

Yes 4 (40%)
Perineural invasion

No 5 (50%)

Yes 5 (50%)
P53 mutation level 7219 55-80
Ki67 76x14 50-90
Elasticity score 3%| -4
Strain ratio 1£0.9 0.3-2.9

were superimposed on B-mode images. All pa-
rameters obtained by sonoelastography were
measured three times, and the mean value was
calculated.

We used compressive elastography to evaluate
the elasticity score (ES) and strain ratio (SR) of
the tumor. ES was measured based on the scale
described by Itoh et al. [7]: (1) deformability of
the entire tumor; (2) deformability of most of
the tumor with small areas of peripheral stiff-
ness; (3) peripheral deformability with a stiff
center; (4) stiffness of the entire tumor; and (5)
stiffness of the entire tumor and surrounding tis-
sue. For each tumor, three measurements were
taken from suitable sections, and the mean value
was used (Figure I).

The SR was calculated by dividing strain values
measured from the regions of interest in the tu-
mor (B) by those in the muscle tissue of esopha-
gus (A) at a similar depth. Three measurements
were taken in suitable regions, and the mean
value was calculated (Figure I).

Statistical Analysis

The statistical calculations were performed by
“IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp.” The continuous vari-
ables are expressed as meantsd, categorical
data is expressed as n (%).
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Figure |. a, b. B-mode sonography (a) of

an esophageal specimen showing a tumor on
the side closest to the probe (arrow). The
bright area represents air in the lumen. On the
sonoelastography image (b), the tumor shows
stiff areas (blue) compared to the muscle tissue
at the same depth.

Pathologic examination
Histopathologic confirmation was done for all
patents.

Results

Of 21 patients, || were excluded from the
study for the reasons outlined above, leaving 10
patients (four males and six females; mean age
64+ 11 years, interquartile range 47-82) select-
ed as suitable for surgical excision (Table I). All
of the tumors were located in the distal esopha-
gus. The mean ES was 3+ (range, 1-4), and the
mean SR was 1£0.9 (range, 0.3-2.9).

The results of histopathological examination
showed one adenocarcinoma and nine squa-
mous cell carcinomas. The differentiation grade
was two for six patients, one for three patients,
and three for one patient. The level of invasion
was the adventitia for six patients, muscularis
propria for three patients, and submucosa for
one patient. The number of positive lymph
nodes was zero for four patients, one for four
patients, two for one patient, and six for one pa-
tient. Vascular invasion was reported in four pa-
tients, and perineural invasion was observed in
five patients. The mean p53 antibody level was
72% (£9%; range, 55%-80%), and mean Ki-67
was 76% (£ 14%; range, 50%-90%).

Discussion
In the present study, esophageal specimens
with carcinoma were evaluated using compres-
sive sonoelastography ex vivo. Tumors were stiff
based on ES.

A few sonoelastography studies have previously
been conducted on patients with esophageal
carcinoma, and these were especially concerned
with lymph nodes [8,9]. Knabe et al. reported that
endosonographic elastography was able to im-
prove the accuracy of the lymph node staging in
patients with esophageal carcinoma [8]. Sazuka et
al. examined the removed lymph nodes by putting
each lymph node under the resected esophagus
scanning each lymph node through the esopha-
gus wall ex vivo, and they found that elastography
was useful for diagnosing lymph node metastases
in esophageal carcinoma [9]. In addition, a case
report involving a patient with a tracheal tumor
showed by elastography that the tumor had not
invaded the esophagus [10]. However, to the best
of our knowledge, there is no study in the English
literature examining primary esophageal lesions by
sonoelastography. In our study, esophageal carci-
noma was evaluated by sonoelastography ex vivo,
and ES and SR values were calculated.

The mean SR was |£0.9 (range, 0.3-2.9) when
compared to the esophageal muscle tissue. In
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the breast, for example, comparisons are per-
formed relative to the fat tissue, which is softer
than the muscle tissue. However, esophagus
specimens do not contain enough adipose tis-
sue to allow such a comparison. The results
may show that when the fat tissue is not used
as a reference, the ES may be more reproduc-
ible in the determination of lesion stiffness than
SR. In addition, when the muscle tissue is used
for comparison, new cut-off values have to be
estimated.

To prevent the specimen losing its tonus, sono-
elastography was performed immediately after
surgery, which allowed for tumors to be easily
detected on grayscale images. The limitations
of this study include a limited patient number
and lack of benign esophageal tumors as a con-
trol group. Furthermore, sonoelastography is a
relatively new tool, and compressive sonoelas-
tography is relatively subjective. However, in
this present study, investigations and measure-
ments were performed three times by an ex-
perienced physician. On the other hand, there
may be a population bias, because only patients
who underwent surgery were enrolled. How-
ever, by this study we tried to present an inno-
vative point of view by using sonoelastography
and evaluate such a rare tumor. Although we
examined postsurgical esophageal specimens,
the use of sonoelastography by endoscopic ul-
trasonography may be considered and encour-
aged in the evaluation of esophageal tumors
preoperatively.

In conclusion, primary esophagus carcinoma is
a stiff lesion, and this feature has to be further
researched in a larger series and compared to
the benign pathologies.
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