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Abstract: Objective: To investigate the prognosis of patients with early gastric carcinoma (EGC) treated by endoscopic submucosal dissection (ESD) and the risk factors for additional postoperative surgery. Methods: A retrospective analysis was performed on 100 patients with EGC admitted to our hospital from January 2017 to May 2019.
According to different surgical methods, patients were divided into the ESD (n=60) and endoscopic mucosal resection (EMR) groups (n=40). Clinical efficacy, perioperative indexes, incidence of complications and risk factors for
additional postoperative surgery were compared. Results: The ESD group had evidently prolonged operation time
(P<0.01) but similar intraoperative blood loss (P>0.05) as compared with the EMR group. In comparison to the EMR
group, the gastrointestinal recovery time and length of stay in the ESD group were notably shorter (P<0.01), the
rates of en bloc resection and complete resection of lesions were markedly higher (P<0.05), and the postoperative fever/infection rate was noticeably lower (P<0.05). The two surgical methods had no significant difference on
the overall survival rate of patients (P=0.302). It was identified that the infiltration depth and the positive surgical
margin were independent risk factors for postoperative additional surgery (all P<0.05). ROC analysis revealed that
positive surgical margin was quite valuable in judging the need for additional postoperative surgery. Conclusion:
ESD can accelerate the postoperative recovery of patients with EGC, and positive surgical margin is independently
tied to additional postoperative surgery in patients after ESD.
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Introduction
Gastric carcinoma (GC) is one of the most familiar gastrointestinal malignancies worldwide [1].
Survey data show that GC afflicts 1 million people every year, causing an annual death rate of
more than 780,000 [2]. Today, early diagnosis
and treatment for gastric carcinoma (EGC) has
huge challenges and has attracted worldwide
attention [3]. Gastric mucosa or submucosal
cancer is defined as EGC, regardless of tumor
size or lymph node metastasis [4]. As the onset
of EGC is relatively subtle, most patients have
no obvious symptoms in the early stage; hence,
it cannot be identified until the patient is admitted to hospital after further development of the
disease and the emergence of clinical symp-

toms [5]. As a result, patients tend to miss the
optimal timing for treatment.
As medicine develops, the diagnostic rate of
EGC has increased significantly, and the effective treatment for patients with EGC can greatly
improve their postoperative survival and quality
of life (QoL) [6]. Research has shown that the
survival of patients with EGC is substantially
prolonged and the recurrence rate is reduced
after surgical treatment [7]. Traditional treatment for EGC is radical gastrectomy, but it has
some trauma and slow recovery [8]. The emergence of endoscopic submucosal dissection
(ESD) has greatly addressed this problem [9].
ESD has been clinically considered as the preferred treatment for EGC without lymph node
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metastasis [10]. Before the popularization of
ESD, conventional endoscopic mucosal resection (EMR) with snares was mainly used in clinical scenarios. However, there are technical limitations of EMR for EGC or submucosal fibrosis
with diameter greater than 20 mm [11]. No
research has been conducted to clarify whether the two modalities have an impact on prognosis after ESD treatment.
In addition, a survey has found that some
patients with EGC face incurable resection
after ESD treatment [12]. Non-curative resection refers to incomplete resection, involving
non-block resection and/or positive margin, as
well as the existence of related risk factors for
lymph node metastasis [13]. Some studies
found that the 5-year survival rate of the group
given additional surgery was higher than that
given no additional surgery in the early stage of
gastric cancer that is incurable under ESD [14,
15]. However, there is still controversy about
the risk factors of additional surgery.
Accordingly, we retrospectively analyzed the
impacts of EMR and ESD as two frequentlyused surgical methods on the prognosis of
patients with EGC and explored the risk factors
of additional surgery after ESD treatment, so as
to provide reference for clinical treatment.
Methods and materials
Clinical data
Altogether 100 patients with EGC admitted to
the First People’s Hospital of Shangqiu from
January 2017 to May 2019 were analyzed retrospectively and grouped based on different
treatment modalities. Among them, 60 cases
were treated with ESD and 40 with EMR. This
research was approved by the Medical Ethics
Committee of the First People’s Hospital of
Shangqiu (ethical approval No.: LL2020 (review)
041A (check)).
Inclusion and exclusion criteria
Inclusion criteria: Patients diagnosed with EGC
by imaging and pathological biopsy; Patients
with clinical stage T1; and patients who met the
surgical indications. Patients and their families
provided written informed consent before
surgery.
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Exclusion criteria: Patients with other tumors;
Patients with follow-up failure; Patients with
severe cardiopulmonary dysfunction; Patients
with recent use of anticoagulant drugs.
Surgical methods
ESD treatment scheme: Indigo carmine 0.2%
was used for staining to display the type and
boundary of lesions under the endoscope. The
site 5 mm outside the tumor boundary was
marked with a needle knife, and mixed solution
(10% glycerin, 0.9% sodium chloride, 5% fructose, indigo carmine, and epinephrine) was
injected. The site was pre-cut with a needle
knife, and a circular incision on the outside was
marked with an IT or Flex knife. During the operation, submucosal injection was increased as
appropriate, and the lesion should be fully
raised to ensure clear anatomy. Coagrasper
hemostatic forceps was used to treat mucosal
defect wounds, and preventive hemostasis was
implemented for visible blood vessels. A hemostatic clip was adopted to clamp the larger
exposed blood vessels, and sucralfate suspension was sprayed on the wound surface to
ensure complete hemostasis as a wound protective agent to prevent bleeding. During the
operation, a small amount of bleeding was
coagulated by heat, and a large amount of
bleeding was washed repeatedly with normal
saline. After the bleeding point was determined,
thermocoagulation or hemostatic forceps were
used to stop bleeding.
EMR treatment scheme: An injection needle
was inserted through the channel for endoscopic biopsy. The needle tip was pierced into
the bottom of polyp base, and 2-10 ml epinephrine + saline (1:10000) was injected into the
submucosa 2-3 mm from the outer edge of the
lesion via multi-point submucosa, so that the
whole lesion was obviously raised, that is, the
lifting sign was positive. The lesion was separated from the muscular layer, and the raised
lesion was snared by an electric snare, followed
by partial excision. Finally, complete excision
was performed: electrocoagulation current was
used, and then mixed current was used to
remove the wound. The wound was observed
for 1-2 min. In the case of no active bleeding,
the endoscope was withdrawn.
Patients were fasted for 8 hours and waterdeprived for 6 hours before operation. Routine
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Table 1. Clinical data
ESD group EMR group
P
(n=60)
(n=40)
value
Age
0.185
≥55 (n=58)
38
20
<55 (n=42)
22
20
Gender
0.281
Male (n=59)
38
21
Female (n=41)
22
19
Lesion site
0.825
Cardia (n=24)
14
10
Gastric body (n=31)
20
11
Gastric antrum (n=45)
26
19
Tumor diameter
0.242
≤20 mm (n=47)
47
35
>20 mm (n=13)
13
5
Infiltration depth
0.736
Mucosal layer (M) (n=79)
46
33
Submucosa (SM1) (n=16)
11
5
Submucosa (SM2) (n=5)
3
2
Differentiation
0.451
Poorly differentiated (n=12)
6
6
Moderate and high differentiated (n=88)
54
34
Factor

Note: Chi-square test was used.

blood work, electrolytes, liver and kidney function, five items of hepatitis B, blood type and
four items of coagulation were examined to
evaluate the general situation, coagulation
function and postoperative bleeding risk. After
that, the wound was carefully checked, and
electrocoagulation was applied to the exposed
blood vessels to prevent bleeding. On the first
day after operation, the patient was prohibited
from drinking water, and given intravenous fluids and electrolytes. Attention was paid to the
changes of blood pressure, respiration, pulse
and electrocardiogram of patients. If there was
no abnormality in related examinations and
clinical manifestations, the patient was allowed
to take a small amount of liquid food on the
second day after operation.
The main surgical tools included GIF-H260
gastroscope (Olympus Corp, Japan), ICC-200
(ERBR, Germany) and Coagrasper hemostatic
forceps (Olympus Corp, Japan).
Outcome measures
Primary outcome measures: En bloc and complete resection rates of lesions were observed.
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The overall survival rate
was compared between the
two cohorts. Patients were
enrolled to additional (n=13)
and non-additional surgery
groups (n=47) based on
their postoperative additional surgery. The clinical data
were collected and analyzed by Logistic regression.
The indexes with differences in univariate analysis
were selected for multivariate Logistic regression, and
the backward LR method
was used for analysis.
Secondary outcome measures: Perioperative indexes
and complication rate were
compared.
Statistical methods

Categorical variables were
expressed as (%) and analyzed using the Chi-square
test, Continuous variables
in normal distribution were expressed as mean
± standard deviation (mean ± SD), and the
inter-group comparison was conducted using
independent samples t-test while the intragroup comparison was done using paired t-test.
Logistic regression analysis was adopted to
analyze the risk factors for postoperative additional surgery in patients undergoing ESD.
SPSS 20.0 (SPSS, Chicago, USA) software was
used for data analyses and P<0.05 was regarded as statistical significance.
Results
Clinical data comparison
There were no marked differences in age, gender, lesion location, tumor diameter, invasion
depth and differentiation degree between the
ESD and EMR groups (all P>0.05, Table 1).
Comparison of perioperative indexes of patients
This research first compared the changes of
perioperative indexes between the two cohorts
after different surgical treatments. The ESD
Am J Transl Res 2022;14(5):3456-3463
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EMR group (P<0.01, Figure
1C, 1D), suggesting that
ESD treatment can accelerate patients’ gastrointestinal recovery.
Comparison of en bloc resection rate and complete
resection rate of lesions
Furthermore, the en bloc
and complete resection rates of lesions were compared, and markedly higher
rates of en bloc resection
and complete resection of
lesions were found in the
ESD group (P<0.05, Table
2).
Incidence of complications
Figure 1. Comparison of perioperative indicators of patients. A. Comparison
of operation time between two groups. B. Comparison of intraoperative blood
loss between two groups. C. Comparison of gastrointestinal recovery time between two groups. D. Comparison of length of stay between two groups. Note:
**
P<0.01. The inter-group comparison was assessed by independent sample
t-test.

Table 2. En bloc resection rate and complete resection rate of lesions
Groups
ESD group
EMR group
χ2 value
P value

n
60
40

En bloc resection rate
of lesions
58 (95.00%)
25 (62.50%)
19.856
<0.001

Complete resection rate
of lesions
58 (95.00%)
30 (75.00%)
10.669
0.001

Note: Chi-square test was used.

Table 3. Incidence of complications
ESD group
(n=60)
Postoperative fever/infection
2 (3.33%)
Intraoperative bleeding
6 (10.00%)
Postoperative delayed bleeding 2 (3.33%)
Perforation
1 (1.66%)
Subcutaneous emphysema
5 (8.33%)
Variables

EMR group
χ2
P
(n=40)
value value
10 (25.00%) 10.669 0.001
5 (12.50%) 0.153 0.696
4 (10.00%) 0.877 0.349
1 (2.50%)
0.085 0.771
4 (10.00%) 0.081 0.775

Note: Chi-square test was used.

group experienced notably longer operation
time (P<0.01, Figure 1A) than the EMR group,
and showed similar intraoperative blood loss
(P>0.05, Figure 1B). Whereas, the gastrointestinal recovery time and length of stay in the
ESD group were remarkably shorter than the
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The comparison of the incidence of postoperative
complications between both
groups revealed a notably
lower incidence of postoperative fever/infection rate
in the ESD group compared
with the EMR group (P<
0.05), but no statistical
difference in intraoperative
bleeding, postoperative delayed bleeding, perforation
or subcutaneous emphysema (P>0.05, Table 3).
Comparison of overall survival of patients
The follow-up ended in May
2020, and patients were followed up successfully through outpatient review of
electronic pathology records
and telephone. We found
that the two surgical methods had no marked difference on the overall survival
rate of patients (P=0.302,
Figure 2).

Analysis of risk factors of postoperative additional surgery after ESD
In this research, we also recorded the postoperative additional operations in the ESD group
and analyzed the independent risk factors for
Am J Transl Res 2022;14(5):3456-3463
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Figure 2. Comparison of overall survival rate between
two groups. Kaplan-Meier survival curve was used to
assess the survival of patients.

additional operations using the Logistic regression test (Table 4). First of all, 60 patients were
grouped based on the conditions of postoperative additional surgery, including 13 with additional surgery and 47 without. Univariate analysis was conducted to analyze the correlation of
postoperative additional surgery with patients’
age, gender, lesion location, ulcer, tumor diameter, infiltration depth, differentiation degree,
and positive surgical margin. This revealed that
the independence of infiltration depth and the
positive surgical margin were the risk factors
for postoperative additional surgery in both
groups (Table 5, P<0.05). Further, multivariate
analysis confirmed the accuracy of the conclusion obtained from the Univariate analysis, that
is, infiltration depth and positive surgical margin were the independent risk factors for postoperative additional surgery in patients who
received ESD (Table 6, P<0.05). In view of the
joint ROC curve-based analysis, the areas
under the curves of infiltration depth and positive surgical margin for predicting the additional surgery after ESD was 0.659 and 0.733,
respectively, and the area under the curve of
infiltration depth was not statistically significant (Table 7, Figure 3, P>0.05).
Discussion
Today, people’s eating habits have enormously
changed as the life quality improves [16], which
has led to a growing incidence of digestive system diseases [17]. GC, as one of the top three
digestive system tumors, has seriously threatened the QoL and safety of human beings [18].
The existing investigation shows that the 5-year
survival rate of EGC is as high as 90%, while
that of patients with advanced GC do not even
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reach 30% [19]. Therefore, the detection, early
diagnosis and early treatment of EGC are of
utmost importance to the survival of patients
[20]. Nowadays, as the medical level and people’s awareness of cancer prevention improve,
the early diagnosis rate of GC has been continuously raised [21]. At this stage, EGC is mainly
treated clinically by traditional surgical resection combined with lymph node dissection.
However, such a treatment method can cause
greater trauma, various postoperative complications and slow recovery of patients [22].
Some scholars believe that radical resection of
EGC is an over-treatment.
Recent years have witnessed the increasing
application of EMR and ESD in the treatment of
EGC driven by the continuous advances in
endoscopic techniques. The operation is carried out with different electric knives according
to the condition of the lesion, and the tissue
between the mucous layer and the muscularis
propria is gradually separated through endoscopic observation. Then the diseased mucosa
and submucosa are completely peeled off step
by step, which greatly reduces the trauma to
the patients [23]. However, it is not clear whether EMR and ESD have different impacts on the
clinical efficacy on and prognosis of patients
with EGC. Through this retrospective analysis,
we found that despite a longer operation time,
ESD contributed to notably shorter gastrointestinal recovery time and hospitalization time in
patients receiving ESD treatment compared
with EMR, which indicated that the postoperative recovery of patients with EGC after ESD
treatment was significantly faster than that of
patients undergoing EMR. In addition, notably
higher rates of en bloc resection and complete
resection were found in the ESD group, suggesting that the resection effect of ESD was
superior to that of EMR. The research of Oka et
al. also showed that ESD increased the overall
and histological resection rates, which was
consistent with our findings [24]. Furthermore,
we compared the postoperative complications
of patients, and found that the fever infection
rate of patients after EMR treatment increased
significantly, but there was no difference in
overall survival rate between the two groups
based on follow-up. Sun et al. [25] found that
the 2-year survival rate of patients with ESD
was higher than that of EMR, which was inconsistent with our results. We think this may be
due to the small number of samples. All the
Am J Transl Res 2022;14(5):3456-3463
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Table 4. Assignment
Factors
Infiltration depth
Surgical margin
Additional surgery

Assignment
Mucosal layer (M) =0, Submucosal layer (SM1) =1, Submucosal layer (SM2) =2.
Positive =0, Negative =1.
Yes =0, No =1.

Table 5. Analysis of clinical data of patients
Additional surgery group
(n=13)

Variables
Age (years)
≥55 (n=38)
<55 (n=22)
Gender
Male (n=38)
Female (n=22)
Lesion location
Cardia (n=14)
Gastric body (n=20)
Gastric antrum (n=26)
Ulcer
With (n=7)
Without (n=53)
Tumor diameter (mm)
≤20 (n=47)
>20 (n=13)
Infiltration depth
Mucous layer (M) (n=46)
Submucosa (SM1) (n=11)
Lamina propria (SM2) (n=3)
Differentiation degree
Low differentiation (n=6)
Medium + well differentiation (n=54)
Character of surgical margin
Positive (n=15)
Negative (n=46)

Non-additional surgery
group (n=47)

P value
0.423

7
6

31
16

8
5

30
17

3
4
6

11
13
23

2
11

5
42

9
4

38
9

6
4
3

40
7
0

2
11

3
44

8
5

7
40

0.879

0.975

0.637

0.368

<0.001

0.299

<0.001

Note: Chi-square test was used.

Table 6. Multivariate analysis
Variables
Infiltration depth
Surgical margin

β

S.E

Wals

Sig.

Exp (β)

-1.618
2.082

0.65
0.777

6.19
7.186

0.013
0.007

0.198
8.024

EXP (B) 95% CI
Lower bound
Upper bound
0.055
0.709
1.75
36.781

Table 7. ROC curve parameters
Index
Infiltration depth
Surgical margin

AUC
0.658
0.733

95% CI
0.473-0.844
0.563-0.903

P-value
0.081
0.011

Specificity
82.97
85.10

Sensitivity
53.84
61.54

Youden index
29.13
46.64

Note: AUC: area under curve.
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Figure 3. ROC curve of infiltration depth and surgical margin predicted by postoperative additional surgery. A. ROC
curve of infiltration depth in predicting postoperative additional surgery. B. ROC curve of surgical margin in predicting postoperative additional surgery. ROC curve was used.

above findings confirm that ESD treatment can
substantially improve the postoperative recovery and complete resection rate.
As the preferred choice for the treatment of
EGC, ESD can retain the original physiological
and anatomical structure, thereby reducing
the complications caused by gastrointestinal
reconstruction and improving the postoperative QoL of patients [26]. However, for non-curative resection of vascular infiltration, a second
surgical operation is required after the initial
operation for radical excision [27]. Given that
the risk factors of additional surgery are not
clear, we conducted analysis in 60 patients
who underwent ESD. It was found that postoperative additional surgery was correlated with
infiltration depth and positive surgical margin,
which was consistent with the research by Ding
et al. [28]. However, through further ROC curvebased analysis, we found that the predictive
value of infiltration depth for additional surgery
was low, which was not statistically significant,
while the area under the curve of positive surgical margin was greater than 0.7, which was statistically remarkable. These results indicate
that positive surgical margin is expected to
become a potential outcome measure for additional surgery after ESD.
In this study, the effectiveness of ESD for EGC
was determined through analysis, and the risk
factors of additional operation surgery post
ESD were discussed. However, as a retrospective analysis, this study still has sample defects
compared with random control analysis, which
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may lead to biased results. Second, the sample
size was relatively small, and the follow-up time
was short. Therefore, we will increase the sample size and extend the follow-up time in subsequent experiments to affirm our research
conclusions.
To sum up, ESD can accelerate the postoperative recovery of patients with EGC, and the infiltration depth, positive surgical margin are independent risk factors for postoperative additional surgery in patients undergoing ESD.
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