
Endoscopic submucosal dissection (ESD) for co-

lorectal tumors was initially introduced by Japa-

nese endoscopists.1,2 Lower recurrence rate and better

en bloc and R0 resections, interpreted as one-piece

resection and negative margin involvement, when

comparing ESD with endoscopic mucosal resection

(EMR).2,3 Proper application of ESD is usually cost-

effective and beneficial for certain patients who wish

to avoid invasive surgical treatment.4,5 The procedure

has a similar 5-year mortality rate as conventional sur-

gery for lateral spreading tumors in the large intestine.6

ESD has been gradually accepted and performed world-

wide, but it is used in a limited number of cases in Tai-

wan.7-9 It is because the procedure is technique de-

manded and not covered by insurance. Also, it needs

special device for endoscopic management. There-

fore, we share our experience and learning curve and

wish to find a better way for beginners.

Methods

The standard equipment for ESD in our facility is

the ERBE system and Olympus endoscope. The endo-
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Background. Endoscopic submucosal dissection (ESD) is used for re-
moving colorectal lesions. It is a very technically demanding but less
widespread therapy. We try to demonstrate our single-surgeon experience
in learning this operation.

Method. We reviewed patient from October 2015 to December 2018 who
received the operation. 18 patients were enrolled. Patient profiles, lesion
size, location, pathology report, en bloc resection, margin involvement,
operating time, and complications were analyzed.

Results. The lateral spreading tumors treated with endoscopic submuco-
sal dissection located at the cecum (n = 4), ascending colon (n = 3), trans-
verse colon (n = 2), descending colon (n = 1), sigmoid colon (n = 5) and
rectum (n = 3). The average size of the tumors was 2.46 cm (range, 1 to 3.7
cm). The en bloc resection rate was 83.33%, and the complete resection
rate was 61.1%. Only one patients experienced micro-perforation, and the
overall complication rate was 5.56%. Positive correlation was noted be-
tween lesion size and operation time (co-efficient value = 0.33).

Conclusion. ESD is a difficult procedure. Small lesions can decreased op-
erative duration. Cecum is more challenging because of nearby structure.
Through experience accumulation, improving en bloc and R0 resection
rate can be seen.
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scopic cutting system includes an I-type and O-type

hybrid knife and VIO 300D electrocoagulation. For

submucosal injection, a solution consisting of glyc-

erol, hyaluronic acid, and methylene blue is used. The

endoscope used for ESD is labeled as CF-H290ECI.

Before the operation, abdominal computed tomo-

graphy (CT) was performed to confirm the malignant

character of the lesion. The lesion was reevaluated un-

der colonoscopy and classified using the system of

Kudo’s pit pattern classification and JNET classifica-

tion.

We selected patients who underwent ESD from

October 2015 to December 2018. Data collected in-

cluded age, gender, operation duration (minutes), le-

sion location, and size (long axis, cm). Patient demo-

graphics are shown in Table 1. We also recorded the

pathology report to pursue tumor/polyp type, involved

depth, margin, en bloc rate, and complications. We

also differentiated the data by year, lesion size, and lo-

cation to determine whether a difference or relation

existed between these factors. The correlation coef-

ficient value was also used and calculated by Excel

software to evaluate the trends of our grouping.

Results

The average age of the patients was 65.6 years

(Table 1). The male-to-female ratio was 5:4 (10 men,

8 women). Lesion locations were as follows: 4 cases

at the cecum, 3 at the ascending colon, 2 at the trans-

verse colon, 1 at the descending colon, 5 at the sig-

moid colon, and 3 at the rectum. The average tumor

size was 2.46 cm and ranged from 1 to 3.7 cm in the

long axis. The average procedure duration was 192.8

minutes and 47.84 minutes per 1 cm2. R0 resection

was achieved in 61.1% of cases, whereas 7 cases had a

positive horizontal margin. The en bloc resection rate

was 83.33%. Fifteen lesions were sent as 1-piece spe-

cimens for final pathological study. There was one

case had micro-perforation after the procedure. The

total complication rate was 5.56%.

The trend graph in Fig. 1 shows the recorded le-

sion size (cm2) and operation time (minutes), for which

a modestly positive correlation (correlation coeffi-

cient value as 0.33) can be observed. This confirms

our hypothesis that a larger lesion would require a

longer operation time.

To determine the learning curve in Fig. 2, we di-

vided our cases equally into 3 groups based on proce-

dure date (6 patients in each group). We evaluated the

included items as minutes/cm2, en bloc resection, and
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Table 1. Patient demographics

Characteristics, n(%)
Overall number

(n = 18)

Mean age in years 65.6 (51-83)a

Male 10

Female 8

Cecum 4

Ascending 3

Transverse 2

Descending 1

Sigmoid 5

Rectum 3

Tumor size, cm2 2.46 (1-3.7)a

Procedure time/procedure time per unit, min 192.8/47.84

Enbloc rate (%) 15 (83.33%)

R0 resection (%) 7 (61.1%)

Complication (%) 1 (5.56%)

a Range.

Fig. 1. Size, operation time correlation.

Fig. 2. Learning curve.



margin status to determine if a tendency toward im-

provement could be identified. We noted a shortened

operative duration per 1-cm2 dissection in the third

stage. The en bloc resection rate and R0 resection rate

revealed an improving trend in the second and third

stages. We also demonstrate difference between dif-

ferent locations in Table 3 and which showed the com-

plication developed in cecal group. Because of un-

even distribution of case number, the difference is less

significant.

After the procedure, we reviewed the pathology

report for margin evaluation and polyp classification.

In Table 2, there were 11 cases of high-grade dys-

plastic adenoma and 4 cases of low-grade dysplastic

adenoma. One case of adenoma was not classified.

Narrow-band imaging and pit pattern classification

were also recorded to determine the pre-ESD evalua-

tion and its feasibility. Through the review, no high-

risk invasion was seen in either vascular or neural in-

vasion. The invasion depth was less than 1000 �m.

Grossly, granular-type lateral spreading tumor oc-

curred in most of the 12 cases, whereas 2 cases were

sessile-type and 4 non-granular-type lesions.

To demonstrate the feasibility of ESD, we used

the Kudo pit pattern and JNET classification to iden-

tify the proper lesion. Both systems presented similar

results and percentages.

All 18 cases maintained regular follow-up after

the operation, including the patient with adenocar-

cinoma, and no focal recurrence was developed at 1-

year follow-up.

Discussion

Micro-perforation developed in one case after the

operation. The granular-type lesion with type IIA

JNET classification appearance occurred at the cecum

next to the appendix orifice with a size of 9 cm2 (Figs.

3-5). ESD was performed, and en bloc resection was

completed. The vertical margin was free of adenoma.

The horizontal margin was involved. No perforation

was noted after the polyp was removed. Multiple he-

moclips was applied after the specimen was removed.

No peritonitis was developed, but minimal pneumo-

peritoneum was noted by abdominal radiography ta-

ken after abdominal pain developed. Empiric antibio-

tics were given, and symptoms of abdominal pain sub-

sided at 2 days. Hospital length of stay was prolonged

as the NPO status was maintained until the patient’s

clinical condition improved. After 2-year follow-up,

there were no signs of recurrence on endoscopy. No

other complication developed, such as postoperative

bleeding. R0 resection rate at the cecum group was
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Table 2. Pathology and endoscopic finding category

Number

Pathology

Adenoma with high-grade dysplasia 11

Adenoma with low-grade dysplasia 4

Adenoma 1

Adenocarcinoma 1

Hyperplastic polyp 1

Invasion

Vascular invasion 0

Neural invasion 0

Submucosal invasion > 1000 �m 0

Gross finding

Sessile 2

LST-G 12

LST-NG 4

Kudo pit pattern

II 1

IIIL 6

IIIS 4

IV 6

VL 1

JNET

I 1

IIA 5

IIB 11

III 1

Table 3. Subgroup in locations

Location

R0

resection

(%)

En bloc

resection

(%)

Complication

(n)

Cecum (n = 4) 50% 100% 1

Ascending colon (n = 3) 33.33% 100% 0

Transverse colon (n = 2) 50% 50% 0

Descending colon (n = 1) 100% 100% 0

Sigmoid colon (n = 5) 80% 60% 0

Rectum (n = 3) 66.67% 100% 0



50% (Table 3) and our only complication came from

the lesion sit at the cecum. There are some studies re-

ported the difficulty and feasibility of resecting cecal

lesions, when the procedure is performed by experi-

enced surgeons using advanced tools, this site has no

influence on the R0 resection or en bloc resection rate,

even though the ileocecal valve and appendix orifice

may increase the difficulty of the operation.10-12

One adenocarcinoma occurred after ESD. The le-

sion was located at the descending colon with size of

2.2 � 1.2 � 0.5 cm. Kudo pit pattern was type VL.

JNET type was IIB (Figs. 6-9). The lesion was com-

pletely removed in one piece with both free horizontal

and vertical margin. There was no lymphovascular or

neural invasion. The invasion depth was about 700

�m beneath the muscularis mucosae. No immediate

complication developed. During 2-year follow-up,

which included 3 colonoscopies and an abdominal CT

scan, there was no evidence of recurrence, malignant

change, or lymph node metastasis.

We attempted to determine the type of lesion more

suitable for a ESD beginners. Location and lesion size

have long been discussed as the main challenges in

this operation.13,14 Emmanuel et al. recommended that
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Fig. 3. Operation picture of case developed micro-perfora-
tion (initial).

Fig. 4. Operation picture of case developed micro-perfora-
tion (NBI image).

Fig. 5. Operation picture of case developed micro-perfora-
tion (removal completion).

Fig. 6. Operation picture of case with final diagnosis of
adenocarcinoma (initial).

Fig. 7. Operation picture of case with final diagnosis of
adenocarcinoma (NBI).



granular lesions larger than 3 cm and nongranular lat-

eral spreading tumors larger than 2 cm are better

treated with ESD.14 A prospective study conducted by

Sakamoto et al. suggested that a lesion smaller than 4

cm is better for beginning ESD training.13 In our

short-term experience, the difficulty and risk of perfo-

ration is increased for lesions that are larger in size

and located at the cecum, because of its redundancy

and its thin bowel wall. In addition, lesions that sit at

an angulation site or behind a valve will also increase

the difficulty of the procedure. Through the trend graph

in Fig. 1, which displays the lesion size and operation

time, we can observe a trend line with a moderately

positive correlation (correlation coefficient = 0.33).

This low correlation may be affected by the location,

as we redistributed and grouped our data by lesion lo-

cation and year of surgery.

The learning curve for colorectal ESD has been

analyzed and presented in several studies. Mainly, Eu-

ropean and Japanese guidelines mention 2 aspects of a

qualified ESD: margin status and en bloc resection.2,15

It is suggested in some studies that as many as 80

cases might need to be completed before obtaining ex-

cellent results (promising en bloc and R0 resection).16,17

Despite the fact that we collected only 18 cases, the en

bloc resection rate in our records was 83.33%. Re-

spectively, it was 66.6% in the first year, 100% in the

second year, and 70% in the third year. A trend in im-

provement was seen through accumulating experience.

In Hong Kong, a low-volume center demonstrated a

similar pattern, with a learning curve of more than70

operations.18 Iacopini et al. demonstrated a nonaca-

demic learning curve in which the rectal ESD en bloc

resection rate was 80% after 5 procedures and the op-

erating time per square centimeter decreased signifi-

cantly after 20 procedures, whereas the colonic ESD

learning curve showed an en bloc resection rate of

80% after 20 procedures. In that study, the operating

time per square centimeter decreased significantly af-

ter 20 procedures.19 Both studies hint at a training

curve similar to our result. Although ESD is a tech-

nique-dependent operation, through proper training

and experience, the result can still be improved and

acceptable. Among these three unsuccessful en bloc

resection lesions, no tumor recurrence was observed

on follow-up colonoscopy. Some studies have demon-

strated that EMR or piecemeal EMR had a similar low

recurrence rate and could adequately manage most

early colonic tumors.20,21 This result can intercede for

the initial experience and unsatisfied en bloc resec-

tion.

Based on the European ESD guidelines published

in 2015, the involvement of the is classified as hori-

zontal resection margin and vertical one. High-risk re-

section is defined when positive vertical margin is

present or margin less than 1000 �m or lymphvascular

invasion is yielded or poorly differentiation. Surgical

treatment with or without adjuvant therapy is recom-

mended because of the risk of lymph node metastasis
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Fig. 8. Operation picture of case with final diagnosis of
adenocarcinoma (removal completion).

Fig. 9. Operation picture of case with final diagnosis of
adenocarcinoma (after hemo-clipping).



in early cancer.2,22,23 As a result, positive lateral mar-

gins would suggest endoscopic follow-up rather than

adjuvant therapy or surgical intervention.2,19,23 In our

series, most of the R1 resection margins were in-

volved in the horizontal plane but not the vertical

plane. That does not contribute to high-risk resection

because no features such as neural invasion or lym-

phovascular invasion were yielded in such lesions.

The limitation of our study mainly comes from the

case selection method and the fact that the lesion lo-

cation could not be categorized because of the small

sample size. For example, only one descending colon

lesion was obtained.

Conclusion

ESD remains a difficult procedure but it is effi-

cient and less invasive. A smaller lesion size can sig-

nificantly decrease the perforation rate and shortened

operative duration. Cecal lesion may increase inter-

vention difficulty because of its adjacent structure. En

bloc and R0 resection can improved under experience

accumulation.
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原    著

單一醫師、內視鏡黏膜下切除之經驗分享

黃暐聖  楊靖國  林秉緯  孫文俊  陳建勳  賴正大

蔡伯立  梁偉雄  許希賢  陳明仁  劉建國

馬偕紀念醫院  大腸直腸外科

背景  大腸鏡黏膜下切除可用於較大的大腸直腸瘜肉，執行難度高而且比較不普及，本
篇多個案分析研究希望藉由單一外科醫師手術經驗提供初學者參考。

方法  收集 2015 年至 2018 年共 18 個案例，針對個案分類，瘜肉的病理分析，以及術
後追蹤，整合出學習曲線以及手術成果的進步。

成果  本研究的病灶位置位在盲腸 (4 例)、升結腸 (3 例)、橫結腸 (2 例)、降結腸 (1
例)、乙狀結腸 (5例) 及直腸 (3例)。平均大小為 2.46公分。完整切除比例為 83.33%。
邊緣陰性率為 61.1%。僅一例於術後有輕微腸穿孔之併發症，併發症發生率為 5.56%。
病灶大小與手術時間為正相關，相關係數為 0.33。

結論  黏膜下切除雖然是一個難度高的手術。較小的病灶可以縮短手術時間。盲腸因為
鄰近的構造，會增加手術的難度。藉由經驗的累積，在完整切除以及邊緣侵犯的比例都

能進步。

關鍵詞  黏膜下切除、大腸直腸瘜肉、學習曲線。


