
Introduction
Endoscopic resection of early colorectal neoplasia is the current
standard of care. In cases of endoscopic resection of early colo-
rectal cancer, resection is considered curative if the predicted
lymph node metastasis risk is absent or very low [1–3]. Accep-
ted features of low risk of lymph node metastasis are well-dif-
ferentiated histology (G1/2), absence of lymph or blood vessel
infiltration (L0/V0), complete (R0) resection, low tumor cell
budding, and limited submucosal infiltration depth of < 1000

µm [4, 5]. Accurate histopathology, therefore, is of great impor-
tance to reliably classify a resected lesion as low or high risk,
particularly in patients who have submucosal invasion. The
thickness of submucosal tissue becomes even more important
because even a submucosal tumor infiltration depth of
> 1000 µm with no other risk factors for lymphatic spread is
probably not associated with an increased risk of lymph node
metastasis [5].

The current standard for endoscopic resection of benign-ap-
pearing colorectal lesions is endoscopic mucosal resection
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ABSTRACT

Accurate histopathology is the mainstay for reliable classifi-

cation of resected early colorectal cancer lesions in terms of

potential risk of lymph node metastasis. In particular, thick-

ness of resected submucosa is important in cases of submu-

cosal invasive cancer. Nevertheless, little is known about

the quality and thickness of submucosal tissue obtained

using different endoscopic resection techniques. In this

small pilot study, we performed morphometric analysis of

submucosal thickness in specimens obtained from right-si-

ded colorectal lesions using endoscopic mucosal resection

(EMR) versus endoscopic submucosal resection (ESD).

Comparative measurements showed significant differences

in submucosal area ≥1000 μm and minimum submucosal

thickness per tissue section analyzed (EMR vs. ESD: 91.2%

±6.6 vs. 47.1%±10.6, P=0.018; 933.7 µm±125.1 vs.

319.0 µm±123.6, P=0.009). In contrast, no significant dif-

ferences were observed in variation coefficient and mean

maximum submucosal thickness. Thus, unexpectedly, in

this small retrospective pilot study, specimens obtained

using EMR had a better preserved submucosal layer than

those obtained using ESD – possibly due to the different

methods of specimen acquisition. The findings should be

kept in mind when attempting to resect lesions suspicious

for submucosal invasive cancer.
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(EMR), which has to be carried out as fragmented resection
(piecemeal EMR) in patients who have of larger flat or sessile le-
sions [6, 7]. The resulting specimens are suboptimal for histo-
pathology due to fragmentation and coagulation artifacts. In
patients who have invasive cancer, this can lead to unclear re-
section status. Moreover, coagulation artifacts may lead to de-
struction of possible high-risk features, and thus, result in a
misclassification of high-risk lesions as low-risk. In contrast,
endoscopic submucosal dissection (ESD) is superior to EMR
with regard to en bloc resection rates for flat or sessile lesions
measuring >15 to 20mm [8]. Therefore, it has been advocated
for larger colorectal lesions suspected of harboring invasive
cancer [1–3]. While the majority of studies focus on en bloc
and R0 resection rates, little is known about quality and abun-
dance of submucosal layer in the resected specimens, which is
of particular importance in patients who have submucosal inva-
sive cancer.

Here, we report data from a retrospective morphometric pi-
lot study comparing submucosa quality and thickness from
routine specimens obtained by piecemeal EMR versus ESD.

Methods
We analyzed tissue sections that had been processed for rou-
tine staining with hematoxylin and eosin (H&E) or periodic
acid/Schiff (PAS). EMR and ESD were carried out by an experi-
enced endoscopist (> 1000 EMR/ >300 colorectal ESD proce-
dures). Normal saline with 0.05% indigo carmine was used for
submucosal injection.

At the end of the procedure, en bloc EMR and ESD specimens
were loosely stretched out on corkboard and immersed in 4%
formaldehyde fixative. Tissue fragments from piecemeal EMR
were collected directly into a vial containing the fixative solu-
tion. The pre-embedding procedure consisted of automated
sequential dehydration of the tissue with increasing alcohol
concentrations and gradual replacement of alcohol with paraf-

fin solvent. Finally, the specimens were embedded and sec-
tioned for histopathology. All sections had been previously
used for histopathology diagnosis carried out by certified gas-
trointestinal pathologists. Specimens obtained from six EMR
and six ESD resections from the right colon were included in
our analysis (▶Table1). We selected tissue sections suitable
for morphometric analysis according to the following criteria:
1) sections cut in parallel to the submucosal layer; 2) no or mini-
mal fixation artifacts; and 3) exclusion of the lateral 2-mm areas
of the specimen, which are prone to artifacts. We excluded
poorly oriented or directly adjacent sections. Using these selec-
tion criteria, the EMR group comprised 18 of 278 (6.5%) routine
sections and the ESD group 34 of 381 (8.9%) sections for fur-
ther morphometric analysis (▶Table 2). Submucosal thickness
was measured perpendicularly form the muscularis mucosae
down to the vertical resection margin of the specimen in
accordance with Japanese Guidelines [2]. We assessed quality
and quantity of the submucosal layer in each of the clinical
cases with four parameters. First, as an approach to gather in-
formation about the homogeneity (or variation) of submucosal
thickness, we calculated the variation coefficient from repeti-
tive measurement of submucosal thickness every 1000µm.
Moreover, we identified minimal submucosal thickness and
maximal submucosal thickness. Finally, to obtain data on the
average thickness of submucosal layer, we calculated a ratio of
the area of submucosal layer≥1000µm relative to the total sub-
mucosal area (▶Fig. 1). The 1000-µm threshold was used be-
cause it represents an important landmark for assessment of
curative endoscopic resections in patients who have submuco-
sal invasive cancer [4, 5]. Morphometric measurements were
performed on scanned photographic images with a commer-
cially available scanner system (Seiko Epson Corporation;
Suwa, Nagano, Japan). Statistical calculations were carried out
with Microsoft Excel (Microsoft Corporation; Redmond, Wa-
shington, United States) and the R-Studio software (R-Studio
Inc.; Boston, Massachusetts, United States). Data from EMR

▶Table 1 Specimens selected for morphometric analysis.

EMR cases Location Size

(mm)

ESD cases Location Size

(mm)

#1 Cecum 17
(piecemeal)

# 1 Cecum 33
(en bloc)

#2 Ascending colon 23
(piecemeal)

# 2 Cecum 33
(en bloc)

#3 Ascending colon 22
(en bloc)

# 3 Ascending colon 27
(en bloc)

#4 Ascending colon 8
(en bloc)

# 4 Ascending colon 22
(en bloc)

#5 Ascending colon 12
(en bloc)

# 5 Transverse colon 33
(en bloc)

#6 Ascending colon 12
(piecemeal)

# 6 Transverse colon 36
(en bloc)

EMR: endoscopic mucosal resection; ESD: endoscopic submucosal dissection.
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and ESD specimens were compared using a two-sided Wilcox-
on-test for unpaired samples. P<0.05 was considered statisti-
cally significant.

Results
The EMR group comprised specimens from three en bloc and
three piecemeal resections and the ESD group en bloc resec-
tions only; all specimens were from the right colon (▶Table 1).
Histology was tubular or tubular-villous with low-grade dyspla-
sia and one tubular-villous adenoma, with the exception of one
adenoma with partial transformation into a G2 adenocarcino-
ma in the ESD group.

Comparative measurements from both groups showed sig-
nificant differences in minimum submucosal thickness and in
the fraction of resected submucosal thickness area≥1000μm.
No significant differences were observed in homogeneity
(variation coefficient) or maximum submucosal thickness
(▶Table3, ▶Fig. 2).

Discussion
In this small pilot study, we retrospectively analyzed submuco-
sal thickness in routine histopathology specimens obtained
using EMR or ESD. We observed a significantly higher fraction
of submucosal layer thickness > 1000µm as well as a higher
mean minimal submucosal thickness for EMR specimens than
for specimens obtained using ESD. No difference was found in
variability of submucosal thickness or mean maximum submu-
cosal thickness.

Although a small pilot study obviously does have limitations,
these results suggest more abundant submucosal tissue in spe-
cimens obtained using EMR rather than using ESD. Several pos-
sible explanations can be considered to account for the ob-
served differences. First, the differences might reflect different
handling of specimens – in particular, stretching/pinning of en
bloc specimens on corkboard versus direct collection of tissue
fragments into the fixative solution. However, in our study,
three of six EMR specimens were resected en bloc, which makes
this an unlikely explanation. Second, variation in submucosal
thickness might be due to the quantity of submucosal injection

solution. In this study, normal saline was used for submucosal
injection in both EMR and ESD and the amount of submucosal
fluid present in tissue specimens at the end of an endoscopic
procedure would have varied greatly, particularly due to differ-
ent procedure times. Nevertheless, this would probably not
translate into differences in submucosal thickness because spe-
cimens are dehydrated during the pre-embedding procedure
followed by paraffin embedding. Third, interindividual variabil-
ity of submucosal thickness cannot be ruled out. This is an ob-
vious limitation of the small sample size and will need to be an
analyzed in a larger number of specimens, including full-thick-
ness specimens (e. g. from endoscopic full-thickness resection
or laparoscopic surgery). Finally, and perhaps most likely, the
observed difference could result from differences in prepara-
tion technique. ESD is carried out with dedicated knifes. The
cutting line will be oriented toward the mucosal layer to pre-
vent perforation of the proper muscle, unless a lesion is suspi-
cious for submucosal invasive cancer. In contrast, for piecemeal
EMR, tissue is grasped when closing the snare around the speci-
men, thus possibly yielding thicker submucosal tissue.

As previously described, ESD is recommended for resection
of lesions that may be malignant. This still seems to be justified,
because ESD allows better definition of lateral margins and has
a higher en bloc resection rate for larger flat or sessile lesions
[1]. Thus, ESD will remain the method of choice for lesions con-
fined to the mucosal layer. However, the data presented above
suggest that in patients suspected to have cancer with slight
submucosal infiltration, care should be taken to resect the sub-
mucosal layer close to the propria muscle layer. Alternatively,
an endoscopic full-thickness resection might be considered for
smaller lesions suspected to have submucosal invasion [9].
Moreover, a modified hybrid EMR technique referred to as
endoscopic submucosal resection has been introduced using a
newly designed, partially insulated snare that allows cutting
close to the propria muscle layer [10, 11].

This pilot study has obvious limitations. The design was ret-
rospective and the study comprised only a small sample size.
Therefore, the quality of routine specimens was not optimal
for morphometric analysis. Moreover, optimal matching of
samples was not possible and, given the small sample size, dif-
ferences therefore might be overestimated or underestimated.

▶Table 2 Characteristics of specimens selected for morphometric analysis.

EMR Sections analyzed/total, n (%) ESD Sections analyzed/total, n (%)

# 1  4/36(11.1%) 1  8/66(12.1%)

# 2  3/49(6.1%) 2  7/69(10.1%)

# 3  4/86(4.6%) 3  3/43(7.0%)

# 4  2/18(11.1%) 4  3/52(5.8%)

# 5  3/65(4.6%) 5  9/48(18.8%)

# 6  2/24(8.3%) 6  4/103(3.9 %)

Total 18/278(6.5%) Total 34/381(8.9%)

EMR: endoscopic mucosal resection; ESD: endoscopic submucosal dissection.
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▶ Fig. 1 Representative examples of digital measurements from analyzed slices (H&E stain). a Measurement of submucosal thickness from an
EMR specimen. b Measurement of submucosal thickness from an ESD specimen. c Measurement of submucosal area from an EMR specimen.
d Measurement of submucosal area from an ESD specimen.
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Moreover, most procedures were done on lesions not suspect-
ed of harboring cancer. Thus, the dissection plane for ESD
might have been directed toward the mucosal layer to avoid
propria muscle injury, which might explain the submucosal lay-
er was thinner in these specimens.

Conclusions
In summary, in this small pilot study of submucosa thickness,
specimens obtained using EMR rather than ESD appeared to
be better suited for histological analysis of submucosal infiltra-
tion. On the other hand, ESD allows better control of lateral re-
section margins. An ideal endoscopic resection technique
should combine both optimal control of lateral resection mar-
gins and resection of the largest possible amount of submuco-
sal tissue without increasing perforation risk. Notwithstanding
the above-mentioned limitations, we think that the data will
be a useful starting point for further studies of the submucosal

layer in tissue specimens obtained using different endoscopic
resection techniques.
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