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Abstract

AIM: To identify the determinants of endoscopic sub-
mucosal dissection (ESD) operation time.

METHODS: This investigation was conducted as a
single-center, prospective study in which ESD was per-
formed by the same endoscopist at the Chinese PLA
General Hospital. A total of 173 patients underwent
ESD operations performed by Dr. Lu from July 2007 to
December 2011, and 183 lesions were enrolled. Pa-
tient gender, age, tumor location, gross type, tumor
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size, pathological type and adhesions were recorded
prospectively. The order of treatment represented the
experience of the operator. Univariate analysis and
multivariate analysis were performed to evaluate the
relationships between these factors and ESD procedure
time.

RESULTS: Univariate analysis showed the ESD time
was closely related to the gender (P = 0.0210), tumor
size (P < 0.0001), location (P < 0.0001), gross type
(P < 0.0001) and adhesion (P = 0.0010). The surgical
proficiency level was associated with ESD time in unit
area (P < 0.0001). Multivariate analysis revealed that
the ESD time was positively correlated with tumor size
(P < 0.0001), adhesion (P < 0.0001) and location (P <
0.0001), but negatively correlated with surgical profi-
ciency level (P = 0.0046).

CONCLUSION: Large tumor size, adjacency to the
cardia, and adhesion are predictors of a long ESD time,
whereas high surgical proficiency level predicts a short
ESD time.

© 2012 Baishideng. All rights reserved.

Key words: Endoscopic submucosal dissection; Proce-
dure time; Gastric superficial neoplasia; Predictive fac-
tors

Peer reviewer: Javier San Martin, Chief, Gastroenterology and
Endoscopy, Sanatorio Cantegril, Av. Roosevelt y P 13, Punta del
Este 20100, Uruguay

Lu ZS, Yang YS, Feng D, Wang SF, Yuan J, Huang J, Wang XD,
Meng JY, Du H, Wang HB. Predictive factors of endoscopic
submucosal dissection procedure time for gastric superficial neo-
plasia. World J Gastroenterol 2012; 18(47): 7009-7014 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v18/i47/
7009.htm DOI: http://dx.doi.org/10.3748/wjg.v18.i147.7009

December 21, 2012 | Volume 18 | Issue 47 |



Lu ZS et a/. ESD procedure time for gastric neoplasia

INTRODUCTION

Endoscopic submucosal dissection (ESD) has become
a mature technique widely applied in the treatment of
mucosal lesions. ESD has advantages compared with en-
doscopic mucosal resection. However, ESD is complex,
and the associated high risk is another disadvantage of
ESD that requires improvement' . The time required
to perform ESD is one of the best indicators of opera-
tion difficulty. Studies have demonstrated ESD time is
closely related to bleeding, perforation and post-operative
pneumonia®'?, Tt is the goal of clinicians to overcome
operation difficulty and reduce ESD time. Previous stud-
ies have reported on the determinants of ESD time,
but these results reflected the operations conducted by
several clinicians™'". In the present study, ESD was pet-
formed by the same endoscopist. A total of 183 lesions
were collected, and the determinants of ESD time were
analyzed.

MATERIALS AND METHODS

Patients

From July 2007 to December 2011, consecutive gastric
superficial intraepithelial neoplasia (GIN) was treated by
ESD that were performed by the same endoscopist at the
Chinese PLA General Hospital. This study was approved
by the medical ethical committee Chinese PLA General
Hospital and the clinical study was registered with the
Clinical Trial (NCT01378507). Partial resection, piece-
meal resection and snare resection after circumferential
cutting was excluded and complete e bloc resection was
included in the study.

The morphology of the lesions of all patients was
superficial intraepithelial neoplasia according to the Paris
endoscopic classification”. Adenoma, noninfiltrating
carcinoma or intramucosal invasive carcinoma were con-
firmed by histologic evaluation of forceps biopsy speci-

mens, which corresponding to criteria of no lymph node
[16]

metastases

Patients were excluded from the study if they had a
previous diagnosis of undifferentiated carcinoma, ot Type
0-IT or O- I s adenocarcinoma. Systemic conditions were
evaluated before each operation, and those with contra-
indications for anesthesia and endoscopy wete excluded
from the study. The existing strategies for the treatment
of GIN and their advantages and disadvantages were ex-
plained to the patients and their family members before
the operation. Written informed consent was obtained
before ESD.

ESD procedure

The patients were sedated by intravenous injection of
propofol (0.1-0.2 mg/kg per minute) (Xi’an Libang Phat-
maceutical Co., Ltd. Xi’an, China). A gastroscope (GIF
Q260], Olympus Optical Co., Ltd, Tokyo, Japan) was used
for the treatment, which was facilitated with a soft trans-
parent front cap (Olympus Optical Co, Ltd.) and a high-
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frequency surgical unit for cutting and coagulation (Er-
botom VIO200; ERBE, Tibingen, Germany). A normal-
saline solution of 10% glycerin and 5% fructose with
epinephrine (0.025 mg/mL) was used for submucosal
Injections.

The first step was locating the lesion using gastros-
copy with narrow-band imaging magnification to observe
and distinguish the border between the lesion and normal
mucosa. The border was marked with thermal coagula-
tion markers at 0.5 cm intervals at a distance of 0.3 to 0.5
cm from the edge with a needle knife (KD-1L; Olympus
Optical Co. Ltd., Tokyo, Japan). The glycerol fructose so-
lution was then injected submucosally around the lesion
to raise the mucosa thoroughly. Next, a pre-cut was made
with needle knife to cut the mucosa through to the sub-
mucosa. Then insulation tipped (IT-2) knife (KID-610L;
Olympus Optical Co, Ltd.) was inserted into the pre-cut
incision to complete the incision around the lesion at 0.5
cm outside the markers (Endo cut Q 2). After the lesion
was cut in a circle, submucosal injection was continued,
and the mucosa was gradually dissected with an IT-2
knife (foced coag 40W) until the mucosa was completely
excised. A needle knife or I'T-2 knife was used for hemo-
stasis of small blood vessels (foced coag 40W); an electric
coagulation hemostat (FD-410LR; Olympus Optical Co.,
Ltd.) was used for hemostasis of large blood vessels (soft

coag 80W). The ESD procedure is showed in Figure 1.

Definition

ESD time was defined as the time from circumferential
marking around the lesion to the complete removal of
GIN. The number of patients was used as the continu-
ous numerical variable, which represented the proficiency
level. The tumor size was calculated with two vertical
maximum diameters.

Statistical analysis

The age, gender, number of patients, location, macro-
scopic appearance, tumor size, pathological type and adhe-
sion were recorded as variables. Normally-distributed data
were expressed as mean T SD, and data not conforming
to a normal distribution were expressed as medians and
inter-quartile ranges. The categorical variables were pre-
sented as constituent ratios. One way analysis of variance
was employed to analyze the factors influencing procedure
time. Simple correlation analysis was performed to in-
vestigate the association between numerical variables and
procedure time. A rank sum test was used to investigate
the association between categorical variables and proce-
dure time. A value of P < 0.05 was considered statistically
significant. Factors meeting the criteria for significance in
the univariate analysis were included in the multivariate
analysis. Multiple linear regressions were used to analyze
the association between procedure time and factors influ-
encing procedure time. The procedure time served as the
dependent variable and those from univariate analysis as
independent variables. Factors with a significant differ-
ence, as determined by multivariate analysis, were included
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Figure 1 Procedure of endoscopic submucosal dissection: A male patient aged 56 years. A: Gastroscopy showed a type 0-lla (2.5 cm x 1.8 cm) lesion in the
greater curvature of the stomach and pathology revealed differentiated adenocarcinoma; B: Magnification was performed using narrow band imaging to determine the
borderline; C: Point-like electric coagulation was done at 0.5 cm away from the borderline of lesion for marking; D: Following submucosal injection, a circumferential
incision was made in the mucosa and submucosa at 0.5 cm away from the marks; E: The mucosas were dissected from submucosa using an insulation tipped-2 knife; F:
Artificial ulcer following resection; G: The sample (4 cm x 3 cm) was unfolded and the marks were found in the sample; H: Pathological type was high-grade intraepi-

thelial neoplasia (x 40).

in a step-forward linear regression model to compose a
predictive formula of procedural time. In addition, 0.10
and 0.05 were applied for backward selection and forward
selection, respectively. Statistical analysis was performed
with SPSS version 13.0.

RESULTS

A total of 194 GIN lesions were treated by ESD, and 183
GIN lesions were completely removed (94.3%). In ad-
dition, 178 lesions met the criteria for curative resection
(91.8%). In the present study, 173 cases were recruited,
and a total of 183 lesions were collected. There were
126 males and 47 females, with a mean age of 62.0 years
(29-82 years). The major diameter of the resected lesions
was 3.0 cm (1.5-8.0 cm). The median area of resected
mucosa was 7.0 cm” (1.5-33.25 cm®). The median proce-
dure time was 41 min (8-221 min). Bleeding to different
extents was observed during the operation but did not
meet the criteria for bleeding as a complication”. De-
layed bleeding was observed in 7 cases, which resolved
after endoscopic hemostasis (# = 5) or pharmacotherapy
(n=2).

Small muscularis propria resection was identified in 2
cases, but the serosa was intact and no pneumopetitone-
um was observed. Because the defect was closed with the
used of endoscopic clips after the ex bloc dissection, the
clip closure time was not including the ESD procedure
time and was not analyzed as a risk factor.

Univariate analysis showed that the procedure time
was related to tumor size, but not to age or the level of
surgical proficiency. The procedure time was significantly
different among groups in terms of gender, location,
macroscopic appearance and adhesion. No marked dif-
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ferences were noted among groups in terms of patho-
logical types.

The irrelevance of some factors to ESD time may be
attributed to small tumor size at early stage. For the same
size lesion, the more experienced of the operator, the
shorter of procedure time. Once ESD time per unit area
was used as a factor, the influence of resection area was
abolished. The ESD procedure time should be related to
the proficiency of endoscopist because the resection size
was increased as technical proficiency increased so the
ESD procedure time was also increased although univari-
ate analysis showed no correlation. If the ratio of pro-
cedure time to specimen atea was transformed unit area,
the ESD procedure time related to the proficiency of
endoscopist and the number of procedure cases was con-
formed by univariate analysis because of elimination of
interference of lesion area. So the number of procedure
cases was independent predictors in multivariate analysis.
(Tables 1 and 2).

Multiple linear regression analysis revealed that ESD
time was positively correlated with tumor size, adhesion
and location, but was negatively associated with surgical
proficiency level. After comparison with the standardized
regression coefficients, the correlation intensity was in
the following order: tumor size, adhesion, lesions in up-
per stomach and proficiency level. Although multiple lin-
ear regression analysis showed the ESD procedure time
was not correlation with the lesions in the middle of the
stomach, the influence of lesions in the middle stomach
should be used in prediction the time because ESD pro-
cedure time was related to the lesions in the upper stom-
ach. Statistical analysis revealed tumor size and proximity
to the cardia were positively correlated with longer ESD
times. In addition, a submucosal adhesion could prolong
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Predictive Data ESD time (min) Analysis P value Predictive n (%) ESD time (min) Analysis method P value
factors median (IQR) method factors median (IQR)
Age mean * SD 41.00 (39.00) Pearson 0.3135 Location Kruskal wallis < 0.0001
62.00 +11.69 correlation Upper 44 (24.0)  52.00 (69.00)
Tumor size Median (IQR) 41.00 (39.00) Pearson <0.0001 Middle 52 (28.4)  48.00 (33.00)
(cm?) 7.00 (8.82) correlation Lower 87 (48.6)  26.00 (33.50)
Proficiency n ESD time per unit ~ Pearson <0.0001 Macroscopic Kruskal wallis < 0.0001
level area(min) correlation appearance
1-183 5.00 +3.87 Protrusion 76 (41.5)  23.00 (31.00)
Indentation 61 (33.3)  49.00 (31.00)
ESD: Endoscopic submucosal dissection; IQR: Interquartile-range. Mixed 46(25.2)  50.00 (43.50)
Pathological Kruskal wallis ~ 0.2410
type
Adenoma 36 (19.7)  25.00 (27.00)
HIN 97 (53.0)  29.00 (36.00)
Invasive 50 (27.3)  51.00 (29.50)
carcinoma
Predictive factors Beta  Standardized 95%Cl for beta P value Adbesien Mann-whitney ~ 0.0010
i i b Yes 14(7.7) 8150 (149.00)
Resection area 3.500 0.581 2.829-4.180  <0.0001 No 179 (92.3)  39.00 (35.00)
Adhesion 67.082 0.356 47.003-86.285 < 0.0001 Gender Mann-whitney  0.0210
Location (upper) 39.439 0345 25.767-50.124 < 0.0001 Male 134 (73.2)  47.00 (41.00)
Proficiency level  -0.755 -0.207 -0.545-(-0.124)  0.0046 Female 49 (26.8)  29.00 (25.50)
Location (middle) 7.009 0.059 -2.890-17.778  0.1408

ESD: Endoscopic submucosal dissection.

ESD time. With the increase of proficiency level, ESD
time was reduced. The results of multiple linear regres-
sions are displayed in Table 3.

DISCUSSION

In the present study, ESD was performed by a single
endoscopist. The complete resection rate, curative resec-
tion rate, and incidence of complications were similar to
those previously reported'®*, The procedures of ESD
by the same operator were identical among different
patients. Thus, the influence of procedural differences
on ESD time was excluded. We tried our best to reduce
pre-operative confounding factors, and then performed
univariate and multivariate analysis. The analysis of infor-
mation from operations performed by the same operator
can help to identify the association between proficiency
level and ESD time.

The pre-operative predictable factors served as vari-
ables for analysis, and the results can serve as a reference
for predicting ESD time. Although an adhesion is only
found during surgery, the scar and the cushion following
submucosal injection can be identified to determine the
adhesion. In the recruitment of patients, the indications
were trestricted and the post-operative pathology only
confirmed two lesions with submucosal invasion. The
remaining lesions were only found in the tunica mucosa.
Lesions confined to the tunica mucosa may not affect the
procedure time regardless of tumor depth. Thus, tumor
depth was not applied as a viable.

Studies have shown that ESD time is related to the
location and size of tumots. However, some studies are
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ESD: Endoscopic submucosal dissection; IQR: Interquartile-range.

derived from empirical analysis, and some from univariate
analysis””. Goto et al"” investigated 222 early gastric can-
cers, which were resected with a Flex knife by four op-
erators. Their results showed that location in the upper-
third of the stomach, the presence of ulcerative findings,
and > 20 mm in size was independent factors affecting
ESD time. In the study by Ahn ez a/™¥ complete ESDs
were performed by four experts, primarily using an IT
knife, for 916 early gastric cancers. The results revealed
that proximal location, tumor size greater than 20 mm,
submucosal fibrosis, and perforation during the proce-
dure were independent predictors of a longer ESD time.
In the present study, the multivariate analysis indicated
that ESD time was positively correlated with tumor size,
location and adhesion, but negatively associated with pro-
ficiency level. The correlation intensity was in the follow-
ing order: resection area, adhesion, location in the upper-
third of the stomach and the proficiency level.

The factors identified by the multivariate analysis can
be applied to predict ESD time. However, the determi-
nants are numerous, and some are unpredictable before
an operation, including unstable anesthesia, equipment
failure, and heavy bleeding, Therefore, ESD time cannot
be accurately determined according to the factors identi-
fied in the present study. These factors may only be used
to predict ESD time and the level of difficulty. These
findings suggest that lesions with small size and without
adhesion are suitable for the training of inexperienced
endoscopists. The resection of lesions with larger size
located in the upper to middle stomach should be per-
formed by experienced operators or in the presence of
experienced operators. Once it is determined that the
predicted ESD time is relatively long, preventive mea-
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sures should be prepared before operating, with the aim
of preventing skin compression and deep vein thrombo-
sis of the lower extremities. With respect to anesthesia,
intubation followed by general anesthesia is preferred.
Maintaining an open airway helps to assure satisfactory
anesthesia status.

Although analysis of clinical information from opera-
tions performed by the same operator can exclude the
influence of other confounding factors, such as different
instruments and operation habits, we only analyzed the
data from a single center and therefore the sample size
was relatively small. Our experience revealed that the time
consumed maintaining hemostasis can affect ESD time.
However, this period of time is unpredictable and cannot
be accurately recorded. Therefore, it was not used as a
variable for analysis.

Taken together, our results revealed that large tumor
size, adjacency to the cardia, and adhesion predict a long
ESD time, but high a proficiency level predicts a short
ESD time. Our results provide reference for the predic-
tion of operation difficulty and ESD time.
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