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Introduction
!

Although colorectal cancer (CRC) is the thirdmost
common malignancy in the world [1], early stage
CRC is easily detected with the latest endoscopic
innovations. Early CRC and slightly invasive sub-
mucosal CRC (invasion depth <1000μm) are indi-
cations for endoscopic resection [2,3]. In recent
years, endoscopic submucosal dissection (ESD)
has been commonly used in early stage CRC in Ja-
pan and other countries. In addition, colorectal
ESD for colorectal laterally spreading tumors
(LSTs) is a feasible technique for en bloc resection
and was shown to result in no local recurrence
[4]. However, ESD is technically difficult and re-
sults in frequent complications compared with
conventional endoscopic mucosal resection
(EMR) [5]. Technical challenges include factors
related to tumor location, tumor size, and the
presence of ulcer scars. Colorectal ESD is specifi-
cally complicated by the thinness of the intestinal
wall and by lesions with severe fibrosis [6]. Al-
though cancer in situ accompanied by submuco-
sal fibrosis is one of the indications for ESD, se-
vere submucosal fibrosis can lead to long treat-
ment duration and unexpected complications
such as perforation [7,8]. Thus, by anticipating
the degree of fibrosis before colorectal ESD, it

may be possible to select the operator according
to the skill required for a given procedure.
Endoscopic ultrasound sonography (EUS) is use-
ful for evaluating CRC invasion depth [9–14]. For
instance, CRC described on EUS as a hypoechoic
mass within the submucosal layer indicates deep
submucosal invasion. Previous studies have
shown that the accuracy of EUS for determining
CRC invasion depth is 66–88% [9,15–17]. EUS is
also useful in diagnosing depth of invasion of gas-
tric cancer with or without peptic ulcer scar [17].
However, it remains unclear whether this tech-
nique can predict the presence of fibrotic lesions
in the colon. In this study at our hospital, we ex-
amined the association between colorectal LST fi-
brosis predicted by EUS before colorectal ESD and
the degree of submucosal fibrosis determined
during ESD.

Materials and methods
!

Patients
Between February 2009 and February 2013, 58
LSTs in 58 patients were evaluatedwith preopera-
tive EUS and treated with colorectal ESD. LSTs
were macroscopically classified as four subtypes.
LSTs were first classified as granular type (LST-
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Background and study aims: Although endoscopic
submucosal dissection (ESD) is an established
therapy for colon neoplasms including laterally
spreading tumors (LSTs), its application to ad-
vanced fibrotic lesions is very difficult owing to
the thin walls of the large intestine. We examined
the ability of preoperative endoscopic ultrasono-
graphy (EUS) to predict lesion fibrosis in patients
undergoing colorectal ESD.
Patients and methods: From 2009 to 2013, 58
LSTs were evaluated retrospectively with EUS
and treated using colorectal ESD. The degree of
submucosal fibrosis was determined during ESD

and classified as F0 (no fibrosis), F1 (mild fibro-
sis), or F2 (severe fibrosis).
Results: The sensitivity and specificity of fibrosis
prediction by preoperative EUS of all cases were
77.8% and 57.1%, respectively. However, there
was a high accuracy (97.2%, 35/36) for only the
36 LSTs with clear and visible images. In one
case, EUS diagnosed no fibrosis but significant fi-
brosis was found during ESD, the result of colon
cancer invasion into the submucosa.
Conclusions: Preoperative EUS before colorectal
ESD successfully predicted the degree of fibrosis
in a number of cases.
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Gs) or non-granular type (LST-NGs). LST-Gs were further subdi-
vided into homogenous-type and nodular-mixed-type tumors,
and LST-NGs into flat-elevated-type and pseudo-depressed-type
tumors. All patients underwent curative treatment by ESD or sur-
gery, and all lesions were examined histopathologically. All pa-
tients provided their written, informed consent before ESD. This
study was approved by the ethics committees of Kagoshima Uni-
versity Medical and Dental Hospital.

EUS procedure
After routine bowel preparation with a polyethylene-glycol solu-
tion, nonaeratedwater was injected and EUSwas performedwith
a miniature probe set at 20MHz (Olympus, Tokyo, Japan). The
colorectal wall was assessed based on the standard five-layer so-
nographic structure [18,19]. On the EUS image, the mucosal (M)
layer is visualized as a combination of the first and second hypoe-
choic layers, and the submucosal (SM) layer corresponds to the
third hyperechoic layer. The layer of the muscularis propria (MP)
is visualized as the fourth hypoechoic layer, while the fifth hyper-
echoic layer is the serosa and includes the subserosa.

ESD procedure
ESD was performed in all patients using PCF-260AZI or Q260J
(Olympus) endoscopes with dual knife or hook knife (Olympus).
The submucosal injection solution contained 0.05% epinephrine
and 0.1% indigo carmine in 10% glycerin and 5% fructose (Gly-
ceol®; Chugai Pharmaceutical, Tokyo, Japan) or sodium hyaluro-

nate (MucoUP®, Johnson and Johnson, New Brunswick, NJ, United
States) [20,21].

Submucosal fibrosis assessment by EUS and ESD findings
Fibrosis assessed by EUSwas classified as follows (●" Fig. 1): no fi-
brosis, or EUS-F0 (submucosal layer’s width and brightness were
constant compared to surrounding regions); mild fibrosis, or
EUS-F1 (submucosal layer was locally bright compared to sur-
rounding regions or was mildly thickened); and severe fibrosis,
or EUS-F2 (submucosal layer had high brightness compared to
surrounding regions or was regionally thickened).
On histological analysis, the degree of submucosal fibrosis was
classified into three grades based on the appearance of the layers
following submucosal injectionwith the sodium hyaluronate and
indigo carmine solution: ESD-F0, no fibrosis, whichmanifested as
a blue transparent layer; ESD-F1, mild fibrosis, which appeared
as a white, web-like structure in the blue submucosal layer; and
ESD-F2, severe fibrosis, which appeared as a white muscular
structure without a blue transparent layer [6] (●" Fig. 1). Two ex-
pert endoscopists diagnosed the severity of fibrosis estimated by
EUS and the fibrosis observed during ESD by reviewing the still
images. They were blinded to patients’ identification informa-
tion.

Fig.1 Degree of fibrosis of submucosal layers in colorectal tumors. EUS-
F0: no fibrosis, where the width and brightness of the submucosal layer
were constant compared to surrounding regions; EUS-F1: mild fibrosis,
where the submucosal layer demonstrated local brightness compared to
surrounding regions, or showed a slightly thickened submucosal layer; EUS-
F2: severe fibrosis, where the submucosal layer had high brightness com-

pared to surrounding regions or showed a regionally thickened submucosal
layer. ESD-F0: no fibrosis, which manifested as a blue transparent layer; ESD-
F1: mild fibrosis, which appeared as a white web-like structure in the blue
submucosal layer; ESD-F2: severe fibrosis, which appeared as a white mus-
cular structure without a blue transparent layer in the submucosal layer.
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Statistical analysis
Statistical evaluations were performed with the Mann–Whitney
U-test and chi-squared test, using SPSS ver.15 (SPSS Inc., Chicago,
IL, United States). The significance level was set at P<0.05.

Results
!

Patient characteristics
The attributes of the 58 patients are shown in●" Table 1; 53%
were male, and the mean age was 70.6±9.0 years (range 43–
88). All patients underwent endoscopic resection by ESD. All
cases were completely resected apart from one; in this instance,
the ESD procedure was interrupted owing to severe submucosal
fibrosis and additional surgical resection was therefore per-
formed. There was no local recurrence in any cases. The average
tumor size was 32.5±17.8mm. Twenty-eight cases were early
CRC and 30 caseswere high grade adenoma. LSTs weremacrosco-
pically classified as two subtypes: LST-Gs (32 cases) or LST-NGs
(26 cases). These were further subdivided as follows: LST-Gs
homogenous-type and nodular-mixed-type comprised 6 and 26
cases, respectively, and LST-NGs flat-elevated-type and pseudo-
depressed-type comprised 8 and 18 cases, respectively.

Submucosal fibrosis findings by EUS
EUS was used to evaluate 58 colon LSTs before colorectal ESD.
Clear and analyzable scanned images were obtained from 36 of

58 LSTs. The remaining 22 cases were not evaluable by preopera-
tive EUS for the following reasons: deep echo attenuation of tall
lesions in 11 cases, tumor location (over haustra or intestinal
bends) in 10 cases, and vigorous peristalsis in 1 case. EUS-F0 and
-F1 were diagnosed in 24 and 5 cases, respectively, and EUS-F2
was diagnosed in 7 cases (●" Fig. 2).

Submucosal fibrosis findings by ESD
We defined two groups based on ESD findings: the first (ESD-F0/
F1) had no or mild fibrosis, and the second (ESD-F2) had severe
fibrosis. The submucosal fibrosis assessed during ESD led to the
diagnosis of 49 (30/19) cases as ESD-F0/F1 and nine as ESD-F2.
There was no significant difference in gender, mean age, lesion
location, or pathological findings between the ESD-F0/F1 and
ESD-F2 groups (●" Table 2). Though there was no significant dif-
ference in procedure time (ESD-F0/F1: 110±65min; ESD-F2:
138±60min) between the two groups (P=0.26), the mean tumor
size in the ESD-F0/F1 group was significantly larger than that in
ESD-F2 group (F0/F1: 34.9±18.3mm; F2: 20.1±6.6mm; P=
0.002). There was also a significant difference between the two
groups in procedure time per unit area (procedure time [min]/
tumor size [mm]) (ESD-F0/F1: 3.3±1.6; ESD-F2: 7.3±2.8) (P<
0.001). Perforation occurred in only one case in the ESD-F2
group, compared with none in the ESD-F0/F1 group.Thus, com-
plication rates were higher in the presence of more severe fibro-
sis.

Diagnostic accuracy of submucosal fibrosis
Twenty-two lesions were difficult to evaluate using preoperative
EUS. Of the remaining 36 that were readily evaluable, EUS predic-
ted that 29 lesions would have no or mild fibrosis (EUS-F0/F1)
and seven would have severe fibrosis (EUS-F2), yielding a sensi-
tivity and specificity for fibrosis severity prediction of 77.8% (7/9)
and 57.1% (28/49), respectively. Although the overall sensitivity

Table 1 Patient characteristics (n = 58).

Gender: male/female 31/27

Mean age: years (range) 70.6 (43–88)

Locations: C/A/T/D/S/R 7/9/14/2/14/12

Pathological findings:

Adenoma/adenocarcinoma 30/28

Histologic depth M/SM-s/SM-d/MP 49/8/0/1

Tumor size: mm (range) 32.5 (10 –75)

LST-G-H/G-M/NG-F/NG-PD 6/26/8/18

Fibrosis diagnosed by EUS (not evaluable/F0/F1/F2) 22/24/5/7

Fibrosis diagnosed by ESD (F0/F1/F2) 30/19/9

Values are means ± SD.
C, cecum; A, ascending colon; T, transverse colon; D, descending colon; S, sigmoid
colon; R, rectum; M: mucosa; SM-s: slight invasion of the submucosa (submucosal
invasion <1000μm); SM-d: deep invasion of the submucosa (submucosal invasion
>1000μm); MP: muscularis propria. LST-G-H, laterally spreading tumor, granular,
homogenous-type; LST-G-M, laterally spreading tumor, granular, nodular-mixed-type;
LST-NG-F, laterally spreading tumor, non-granular, flat-elevated-type; LST-NG-PD,
laterally spreading tumor, non-granular, pseudo-depressed-type.

All cases  N = 58

EUS-F0
N = 24

EUS-F1
N = 5

EUS-F2
N = 7

 Not evaluable cases N = 22
 11 cases: tall lesions
 10 cases: over haustra or 
  intestinal bends
 1 case: vigorous peristalsis

Fig.2 Summary of all cases diagnosed by EUS.

Table 2 Comparisons between
F0/F1 and F2 groups (n =58).

Degree of fibrosis determined by ESD P value

F0/F1 F2

Gender: male/female 25/24 6/3 0.95

Mean age: years (range) 70.8 (43–88) 69.8 (58–79) 0.61

Location: C/A/T/D/S/R 5/7/12/2/12/11 2/2/2/0/2/1 0.53

Pathology: adenoma/carcinoma 25/24 5/4 0.49

Tumor size: mm (range) 34.9 (13–75) 20.1 (10–30) 0.002

Procedure duration: min 110.0 ± 65.3 137.7 ± 60.3 0.26

Procedure time per unit area1 3.3 ±1.6 7.3 ± 2.8 < 0.001

Perforation 0 1 –

Values are means ± SD.
C, cecum; A, ascending colon; T, transverse colon; D, descending colon; S, sigmoid colon; R, rectum.
1 Procedure time per unit area: procedure time (min)/tumor size (mm).
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and specificity for fibrosis severity prediction were 77.8% and
57.1%, respectively, for just the 36 LSTs in which we could obtain
clear scanned images, the sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy in discriminat-
ing F0/F1 and F2 were 87.5%, 100%, 100%, 96.6%, and 97.2%,
respectively (●" Table 3).

Discussion
!

We demonstrated the utility of EUS for predicting submucosal fi-
brosis of CRC lesions before ESD for colorectal LST. It is important
to correctly determine these parameters before ESD because
they influence the surgical treatment performed. The sensitivity
and specificity for fibrosis severity prediction were 77.8% and
57.1%, respectively, which were reasonable. However, in the 36
cases in which we could obtain clear scanned images, the sensi-
tivity, specificity, and accuracy for prediction of fibrosis severity
were excellent. One case was predicted by EUS to have no fibro-
sis (EUS-F0), but was eventually diagnosed with severe fibrosis
(ESD-F2) based on ESD findings. This case had tumor invasion
into the submucosa. We misjudged the degree of submucosal fi-

brosis, because the fibrosis area in the submucosa might be nar-
row (●" Fig 3).
In addition, the diagnosis of gastrointestinal tumors is based on
endoscopic and histopathologic findings, and EUS has recently
been shown to be the most accurate method for predicting the
depth of gastric and colorectal neoplasms in order to determine
clinical staging for the most appropriate management plan [22,
23]. In this study, we used EUS to successfully determine the
depth of 35 of 36 LSTs for which clear scanned images could be
obtained, located in the mucosa (M) or with slight invasion of
the submucosa (SM-s), with an accuracy of 97.2%. Although this

Table 3 Diagnostic accuracy of fibrosis (n =36).

EUS diagnosis Degree of fibrosis determined during ESD

Severe None/Mild

F2 7 0

F0/F1 1 28

Sensitivity, 87.5% (7/8); specificity, 100% (28/28); positive predictive value, 100%
(7/7); negative predictive value, 96.6% (28/29); accuracy, 97.2% (35/36).

Fig.3 A case with severe fibrosis despite di-
agnosis as EUS-F0 before ESD. a Conventional
colonoscopy image stained with indigo-car-
mine. b EUS shows normal submucosal layer
width and no hyperechoic area in the submu-
cosa. c Severe fibrosis visualized during ESD
(arrowhead). d Microscopic cross-sectional
view demonstrates tumor invasion into the
submucosa on hematoxylin and eosin staining
(upper panel), and smooth muscle antigen
staining (middle panel), as well as submucosal
fibrosis on hematoxylin and eosin staining, and
Masson trichrome staining (lower panel).
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was a small-scale study, the utility of EUS for assessing CRC inva-
sion confirmed the findings of previous studies [9,15–17].
ESD is a more effective procedure for treating early CRC than con-
ventional EMR. In addition, ESD results in a higher en bloc resec-
tion rate and is less invasive than surgery [24]. However, the tech-
nical difficulty of colorectal ESD is higher for LST than for conven-
tional EMR, as shown by the longer procedure time and higher
perforation rate. According to previous reports, perforation rates
range from 1.4 to 5.5% [25–27]. In addition, because the colorec-
tal wall is thin compared with the stomach or esophagus, intes-
tinal submucosal fibrosis reduces the safety of colorectal ESD.
This procedure should therefore be performed by clinicians with
significant experience with gastrointestinal ESD. Severe fibrosis
is associated with a much longer procedure time and higher risk
of complications such as intestinal perforation [6]. Furthermore,
the accurate prediction of fibrosis is very important before colo-
rectal ESD; it is also necessary to consider the patient’s back-
ground and the skill of the operator. Together, these factors can
be used to predict the technical difficulty of a given colorectal
ESD procedure, allowing more experienced clinicians to be as-
signed to more difficult cases and thus leading to a reduction in
complications.
EUSwith theminiature probe set at 20MHz has beenwidely used
for scanning superficial gastrointestinal tumors. It is likely, there-
fore, that EUS will be useful for predicting submucosal fibrosis in
superficial colonic lesions such as LST before ESD. However, it
was difficult to obtain clear and analyzable scanned images by
preoperative EUS at 20MHz owing to the deep echo attenuation
of tall or protruding lesions. The accuracy of diagnosing submu-
cosal fibrosis of tall lesions was low at our facility (data not
shown). The reliability of diagnostic images of the submucosal
layer of tall lesions without marked echo attenuation may be in-
creased in the future by performing preoperative EUS using a ra-
dial echoendoscope (such as GF-UE260 or UM2000).
Although EUS is a feasible method for assessing the degree of
submucosal fibrosis of LSTs before colorectal ESD, this study has
an important limitation. This was a retrospective, single-center
study, with the gold standard being fibrosis assessed by ESD re-
sults, not by pathological findings. We should conduct a prospec-
tive, multi-center study to assess submucosal fibrosis before
colorectal ESD in the near future.
In conclusion, EUS can predict the degree of submucosal fibrosis
of CRC lesions before colorectal ESD, and may allow clinicians to
stratify patients based on the technical difficulty anticipated for
their ESD procedure.
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