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Is endoscopic ultrasonography useful for endoscopic
submucosal dissection?
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ABSTRACT

Endoscopic submucosal dissection (ESD) is an innovative advance in the treatment of early gastrointestinal (GI) cancer
without lymph node metastases and precancerous lesions as it is an effective and safe therapeutic method. ESD has also been
a promising therapeutic option for removal of submucosal tumors (SMTs) for improving the completeness of resection of a
large lesion. Endoscopic ultrasonography (EUS) can be used to detect the depth of invasion during the preoperative evaluation
because of its close proximity to the lesion. EUS-guided fine-needle aspiration can be used to increase the diagnostic accuracy
of EUS in determining the malignant lymph node. EUS is considered to be a useful imaging procedure to characterize early
GI cancer, which is suspicious for submucosal invasion, and the most accurate procedure for detecting and diagnosing SMTs
for further treatment. In the process of ESD, EUS can also be used to detect surrounding blood vessels and the degree of
fibrosis; this may be helpful for predicting procedure time and decreasing the risk of bleeding and perforation. EUS-guided
injection before ESD renders the endoscopic resection safe and accurate. Therefore, EUS plays an important role in the use
of ESD. However, compared to conventional endoscopic staging, EUS sometimes can under or overstage the lesion, and the
diagnostic accuracy is controversial. In this review, we summarize the latest research findings regarding the role of EUS in ESD.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) is an
advanced endoscopic technique that allows for curative
resection of superficial neoplasms and submucosal
tumors (SMTs) originating from deep layers in the
gastrointestinal (GI) tract. ESD can achieve en bloc
margin-negative resection of tumors while avoiding
invasive surgery. Lymph node metastasis is the major
influencing factor for choosing the rational therapeutic
procedure. The risk of lymph node metastases is
largely based on the depth of tumor invasion. Thus,
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estimating the depth of invasion is a focus during
the preoperative evaluation. Lesions limited to the
mucosa (ml or m2) or <500 um of submucosa (sm1l)
can be resected endoscopically. Deep invasion of the
submucosa (sm2 or sm3) requires surgical treatment.
For deep mucosa (m3) or superficial submucosal
invasion (sm1l), the choice between endoscopic and
surgical treatment depends on the type of cancer, size
of the tumor, macroscopic endoscopic characteristics,
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and patient performance status. The ESD complication
rate, including bleeding and perforation, is considered to
be high because of tumor size and the relatively long
procedure time.

Endoscopic ultrasonography (EUS) was introduced into
clinical practice due to its unique ability to examine
tumors from within the GI lumen with extremely close
proximity. Accurate locoregional cancer staging and
diagnostic information about SMTs provide necessary
information to differentiate patients who will be better
candidates for ESD instead of surgical resection.
Thus, before ESD, EUS has evolved into an important
and widely accepted diagnostic tool for the diagnosis
and staging of various GI lesions; however, the
diagnostic accuracy of EUS is controversial. Under- or
over-staging the lesion makes it difficult to choose
as an appropriate treatment for patients. Even when
high frequency (12-20 MHz), miniprobe EUS is used
instead of standard EUS, the results have been shown
to be no better than standard resolution endoscopy in
local staging of early cancer (mucosal »s. submucosal
invasion)."

SUPERFICIAL ESOPHAGEAL NEOPLASIA

ESD is indicated for early esophageal cancer with
no risk of lymph node invasion. According to the
Japan Esophageal Society Guidelines for treatment
of esophageal cancer, the absolute indication for
endoscopic resection is defined as flat lesions
(Paris O—II), with m1-m2 invasion, and circumferential
extent less than or equal to two-third while the relative
indication is defined as m3—sm1 esophageal cancer
in which endoscopic resection would leave a mucosal
defect of circumferential extent greater than or equal
to three-fourth.” The depth of invasion and lymph
node involvement are important factors which influence
whether or not to select endoscopic resection. EUS
enables the acquisition of clear images of the GI
tract wall and the surrounding structures. Thosani
et al.Pl published the results of a meta-analysis on
the use of EUS in staging early esophageal cancer
and reported the sensitivity and specificity as 85%
and 87% for Tla staging, respectively, and 86% for
both sensitivity and specificity for T1b staging. EUS
understaged 15.05% T1b superficial esophageal cancer
and overstaged 4.30% T1a lesion about the evaluation
for submucosal invasion. Locoregional invasion in
esophageal cancer can also be predicted by positron
emission tomogtraphy/computed tomography (PET/CT),

I ENDOSCOPIC ULTRASOUND / SEP-OCT 2016 / VOL 5 | ISSUE 5

PET/magnetic resonance (PET/MR), and CT.
According to Lee ¢ al !l the accuracy of determining
T1 lesions was 86.7%, 80.0%, and 46.7% for EUS,
PET/MR imaging, and CT, respectively; for lymph
node staging, the accuracy was 83.3%, 75.0%, 66.7%,
and 50.0% for PET/MR imaging, EUS, PET/CT, and
CT, respectively. Pech e alP! analyzed 179 consecutive
patients for staging, and the overall accuracy for EUS
in identifying the correct T stage was 74% while the
sensitivity and specificity of EUS were 82% and 91%
for T1, respectively. Initial evidence suggests that EUS
plays an important role in the choice of candidates for
ESD, and EUS is recommended as a routine procedure
before endoscopic resection. Howevet, Bergeron e all’)
demonstrated in their study that EUS was not sufficient
to distinguish mucosal from submucosal invading
lesions. They reviewed 107 patients with superficial
carcinoma (T1a or T1b) and found that tumor depth
was correctly staged by EUS in only 39% of Tla
tumors and 51% of T1b tumors. The majority (69.2%)
of their clinically staged T1a tumors were understaged.
The reason for understaging or overstaging the T1
tumor is still unclear.

With the development of endoscopic technique, some
advances were made in substaging T1 tumor. There
was the report that the accuracy of the combination of
submucosal saline injection + EUS for substaging early
esophageal cancer increased significantly.l” However,
only 15 patients were included in that study.

On presurgical EUS, the sensitivity and specificity
for N staging are 60%-97% and 40%-100%,
respectively.® The accuracy of CT and EUS on
average is 63% and 66%, respectively, when EUS-guided
fine-needle aspiration (EUS-FNA) is used, the
accuracy increases.'™"! Although identification of the
N stage is more accurate with EUS, the role of EUS
remains limited before ESD. In superficial esophageal
cancer, invasion of the lymph nodes surrounding
the cervical area and the celiac trunk is possible
without invasion of the lymph nodes around the lesion
itself. This significant characteristic of esophageal
cancer makes it difficult to select appropriate patients
for endoscopic resection. Although a negative EUS
finding is not very helpful, a positive EUS finding
can modify management. The European Society for
Gastrointestinal Endoscopy suggests that EUS should
be considered for superficial esophageal carcinomas
with suspicious features (submucosal invasion or lymph
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node metastases).['s



Han, et al.: The utility of EUS in endoscopic submucoal dissection

ESOPHAGEAL SUBMUCOSAL TUMORS

ESD has been proven useful in the management of
large esophageal SMTs arising from deep layers of the
esophagus. For esophageal tumors originating from the
muscularis propria, endoscopic submucosal tunneling
dissection (ESTD) has been confirmed to be feasible
and useful.

EUS can provide information about the character,
originating layer, size, and extramural extension of a
SMT. Such information determines whether or not an
endoscopic method can be performed. Leiomyomas
are predominantly found in the esophagus derived
from the muscularis mucosae and muscularis propria.
Leiomyomas generally appear as a homogenous
hypoechoic mass arising from the fourth or second
layer with a regular, well-defined outline. During the
ESTD procedure, tumors are sometimes difficult
to identify and differentiate from other physiologic
protrusions (e.g., aorta compression) based on the
endoscopic view in the tunnel. EUS can be performed
to identify the tumor during the endoscopic dissection
procedure.” EUS can also be used to evaluate the

healing quality of the submucosal tunnel after the
ESTD procedure.”

GASTRIC SUPERFICIAL NEOPLASTIC
LESIONS

ESD should be considered for the treatment of
gastric superficial neoplastic lesions (low- or high-grade
noninvasive neoplasia and adenocarcinomas with no
evidence of deep submucosal invasion). Conventional
endoscopy has an accuracy of 72%-84% for evaluating
the depth of invasion (mucosa »s. submucosa) in
early gastric cancer (EGC).I'>!'1 EUS is regarded as
the best available method for locoregional staging
of gastric cancer;!'”! the total accuracy of EUS,
particularly for superficial gastric lesions, is rather
low (41.4%—87%)."**1 Reports compating the accuracy
of EUS with conventional endoscopy have produced
inconsistent results. Mouri ez a/.P% evaluated the
usefulness of EUS in determining the applicability of
ESD and visualizing the depth of invasion in EGC.
The accuracy of EUS for determining the depth of
invasion was as follows: EUS-mucosa (M), 99% were
M and SM1 lesions; and EUS-M/submucosa (SM)
border, 87% were M and SM1 lesions. They concluded
that EUS-M and EUS-M/SM border lesions were
good indicators for ESD. Yanai ez a/® reported that

D

EUS was useful in combination with conventional
endoscopy for evaluating the depth of invasion of
EGC. Okada et al® evaluated the accuracy of EUS
in identifying lesions meeting expanded indication
criteria for ESD. For patients with EGC, differentiated
adenocarcinoma (D-type) lesions <30 mm in diameter
and undifferentiated adenocarcinoma (UD-type)
lesions <20 mm in diameter could be diagnosed with
high accuracy by EUS. In most Western nations, EUS
is generally recommended before treatment.’!! Other
studies, however, showed that EUS failed to improve
the accuracy of EGC invasion depth assessment.?+26
Moreover, a comparative study of EUS wversus
endoscopic evaluation for predicting endoscopic
resectability clearly favored endoscopy because EUS
findings indicated gastrectomy for many lesions that did
not require surgery." The depth of invasion is most
likely exaggerated when ulcers or fibrotic lesions are
present. In one Western ESD series that systematically
used EUS before endoscopic resection, the feasibility
of ESD was comparable and even slightly inferior to
that of another Western ESD series in which EUS
was not performed (93% wvs. 97%).5% Lee et all'™
reviewed 393 EGCs with well-differentiated histology
and found that the appropriate treatment selection rates
were 75.3% (296/393) in the endoscopy-based plan and
71.5% (281/393) in the EUS-based plan (P = 0.184).
EUS examination did not increase the appropriate
selection of treatment in well-differentiated EGCs.
For this reason, EUS before ESD is not considered
for lesions amenable to endoscopic resection in
many Eastern nations. Park ez 4/ analyzed the
inaccurate evaluation of lesion infiltration by EUS
and concluded that of lesions located in the upper
stomach, 62.5% cases were underestimated, as to
nondepressed macroscopic morphology, 77.6% cases
were underestimated. When tumors were located in the
body or lower area, 60% and 69.6% were overestimated,
respectively. In cases with nondepressed macroscopic
morphology, 77.6% cases were overestimated. In
cases in which the histologic findings were of the
differentiated type, 70.7% cases were overestimated.
As a result, EUS should be considered for lesions
located in the upper one-third of the stomach with
a depressed morphology. Tsuzuki es 2/ arrived at
a similar conclusion. Type 0-I lesions tended to be
overstaged and upper one-third lesions tended to be
understaged. The accuracy was significantly less in
differentiated adenocarcinomas with massive submucosal
invasion. The findings of the 12 studies involving EGC
are summarized in Table 1.
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Table 1. Summary of therapeutic decision-making using endoscopic ultrasonography in staging and

treatment of early gastric cancer

Author (year) Study design Number  Overall accuracy rate in invasion  EUS or no EUS
of lesions depth staging of EGC (%)
Lee et al. (2016)1"8 Retrospective 393 71.5 Not necessary
Kim et al. (2014)0% Retrospective 300 76.5 Necessary (overall accuracy: WLE
73.3%; overestimation rate: EUS 14.7%;
underestimation rate: EUS 9.7%)
Yamamoto et al. (2012)2%  Retrospective 75 82.7 Necessary
Park et al. (2011)2" Retrospective 152 41.4 Necessary for lesions located in the
upper one-third of the stomach and
with a depressed morphology
Tsuzuki et al. (2011)22 Retrospective 105 86 Necessary
Okada et al. (2011)123 542 87.5 (D-type, <30 mm) Necessary
75 (UD-type, <20 mm) Necessary
43.5 (D-type, >30 mm) Not be necessary
Choi et al. (2010)24 Prospective 388 78.9 Not necessary (overall accuracy: WLE, 81.4%)
Kim et al. (2010)@23] Prospective 176 80.7 Necessary
Choi et al. (2010)2¢ Prospective 955 67.4 Not necessary (overall accuracy: WLE, 73.7%)
Kim et al. (2007)27 Retrospective 206 58.3 (>30 mm) Overstaging
64.4 (UD-type) Understaging
Hizawa et al. (2002)28 Retrospective 234 78 Not necessary
Yanai et al. (1999)2% Prospective 52 71 Combined with endoscopy

EUS: Endoscopic ultrasonography, EGC: Early gastric cancer, D-type: Differentiated adenocarcinoma, UD-type: Undifferentiated adenocarcinoma,

WLE: White light endoscopy

EUS is useful for choosing a treatment approach for
lesions in which invasion to the submucosa is suspected
on the examination of the gross endoscopic appearance
or for gastric adenomas or mucosal cancers detected
by pathologic examination.'"”! Moreover, EUS may be
used before ESD to predict gastric ESD safety. The
question becomes: is it actually effective? 106 patients
with gastric neoplasms who underwent EUS before
ESD were compared retrospectively with respect to
procedure time, degree of anemia, and frequency of
clip use in the rich vascular group and the nonrich
vascular group. The results suggested that identification
of submucosal vascular structure by EUS might allow
prediction of intraoperative bleeding during ESD.P?
Nevertheless, in another study, a total of 110 patients
with EGC were divided into the following two groups
based on EUS findings: Group P, few blood vessels
in the submucosa or <4 small vessels per field of
view; and Group R, the remaining patients. The mean
decrease in hemoglobin did not differ significantly
between the two groups. The authors concluded
that EUS was not helpful in predicting the risk of
exacerbation of anemia or occurrence of perforation.
The mean procedure time was significantly longer
in Group R (105.4 min) than Group P (65.5 min;
P < 0.001). The incidence of muscle injury and clip
use was significantly higher in Group R (25.6% and
48.7%, P = 0.02) than Group P (8.0% and 20.0%;
P = 0.004).59 With respect to large lesions, EUS can

predict the regions where blood vessels are abundant
and guide the approach to the region accordingly as
well as predict bleeding;

EUS can be used to detect submucosal fibrosis, which
may predict incomplete ESD. Hirasawa ¢# a/P" analyzed
26 lesions in their center, which were incompletely
resected because of severe ulcer scarring, and
considered surgery to be more preferable than ESD
for EGC with an interruption of >5 mm of the third
layer.

GASTRIC SUBMUCOSAL TUMORS

ESD can be used for the resection of intraluminal
gastric tumors.”® ESD can achieve similar oncologic
outcomes when compared with surgery for treatment
of gastric SMTs <50 mm in size.’”’ EUS is the main
procedure for detecting and diagnosing gastric SMTs.
Information pertaining to the location, size, echo
pattern, and originating layer of the SMTs can be
provided by EUS. Gastric SMTs include a diverse
array of benign, potentially malignant and malignant
lesions, including GI stromal tumors (GISTs),
leiomyomas, neuroendocrine tumors, lipomas; granular
cell tumors, heterotopic pancreas, lymphangiomas, and
endometriosis. Therapeutic approaches for SMTs include
endoscopic and surgical resection depending on the
characteristics of the tumors.
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SMTs >50 mm in size, SMTs increasing in size, and
SMTs with high-risk features including irregular borders,
heterogeneous internal echoes, and heterogeneous
enhancement by contrast media may be removed
by surgery.*! GISTs have well-recognized malignant
potential. The majority of GISTs present in the
stomach (50%—70%). Unfortunately, EUS is not able
to reliably differentiate GISTs from other benign
hypoechoic lesions from the fourth layer, such as
leiomyomas. Therefore, EUS-FNA plays an important
role in the correct diagnosis of SMTs. Sepe e al!*!
reported the sensitivity of EUS-FNA cytology for the
diagnosis of GISTs to be 78.4%.

Only well-marginated SMTs arising from the muscularis
propria, which show the underlying muscle layer under
EUS, appear to be endoscopically resectable.” Bialek
et al ™) reported that EUS findings could predict
complete tumor resections. Successful RO resections
were predicted by the observation of no, or only
narrow, tumor connections with the underlying muscle
layer during EUS.

An EUS-guided injection before ESD can render the
endoscopic resection safe and accurate. Fujii es a/.*
described an EUS-assisted injection into the muscularis
propria to provide a deeper safety cushion for ESD
of a subepithelial lesion with broad attachment to the
muscularis propria. In this case, EUS was useful for
precise real-time imaging guidance during injection, and
confirmation of an adequate lift of complex lesions. In
an ESD procedure, small subepithelial lesions cannot
be found by endoscopy alone because of tissue edema
and injection, resulting in terminating of ESD. At this
point, the EUS plays an important role in locating and
marking the lesion, which enables continuation of ESD.

COLORECTAL NEOPLASMS

Neoplasms of the colorectum are subdivided into
low-grade dysplasia, high-grade dysplasia (HGD), and
carcinoma. The depth of infiltration should additionally
be measured before ESD and the limit for sml is
defined as <1000 pm.

Although the accuracy of EUS for presurgical
invasion depth evaluation is 80%—95%, the sensitivity
is not ideal for early cancer in identifying the T
stage. A recent meta-analysis, which included 90
studies involving T1 and T2 lesions, concluded that

while EUS and MRI had similar sensitivities, the
specificity of EUS was higher.[*! Hutlstone ¢ a/.1*!
reported that high-frequency EUS (high-frequency
ultrasound probes sonography [HFUPS]) was superior
to chromoendoscopy for determining the depth of
invasion in staging for early colorectal neoplasia, with
an accuracy of 93% wversus 59% (P < 0.0001) and a high
positive predictive value for sm3 differentiation, which
was associated with nodal metastasis. A systematic
review and meta-analysis by Gall ¢z a/*" confirmed
that HFUPS was a highly effective procedure for
clinical staging in colon and rectal cancers, with a
pooled sensitivity of 0.91 and specificity of 0.98 for
T1 tumors. This result is necessary in identifying
patients who may be suitable for nonsurgical treatment.
Utban ez al*® reported that the impact of HFUPS on
treatment of superficial colorectal neoplasia depended
on the endoscopic characteristics. Low-risk lesions could
be treated on the basis of endoscopic appearance alone.
HFUPS changed the subsequent therapeutic approach
in a positive way for up to 42% of high-risk lesions,
including those with a depressed component and an
invasive pit pattern; however, this technique had the
risk of recommending surgery for some patients who
could have been treated by endoscopic resection. If the
endoscopist feels the lesion is endoscopically resectable,
there probably is no need for EUS.

EUS accuracy is low for nodal staging because EUS
cannot detect benign lymph nodes around the rectum.
In rectal lesions with endoscopic features suspicious for
submucosal invasion, EUS or MRI can be considered
because finding suspicious lymph nodes could be an
indication for neoadjuvant treatment.

Colorectal ESD is specifically complicated by the
thinness of the intestinal wall and by lesions with
severe fibrosis. Severe submucosal fibrosis can lead to
lengthy treatment and unexpected complications such
as perforation. A recent clinical study concluded that
preoperative EUS before colorectal ESD successfully
predicted the degree of fibrosis in a number of cases.*!
Therefore, submucosal fibrosis detected by EUS may
predict incomplete ESD, and surgery is preferred over
ESD with an interruption of >5 mm of the third layer.

Rectal endoscopic resection may occasionally identify
high-risk histopathologic features, including HGD,
adenocarcinomas, or carcinoid tumors. Is EUS useful
for residual disease after endoscopic resection?
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