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Abstract: Superficial lesions of the upper gastrointestinal tract are frequently detected during routine endoscopy. 
Despite the availability of different endoscopic techniques, incomplete resection, bleeding and local recurrence 
remain important clinical problems. Aim: To assess the safety and clinical effectiveness of a diode laser–assisted 
endoscopic resection technique combined with submucosal gel injection in patients with superficial neoplasms of 
the upper gastrointestinal tract. Materials and Methods: A total of 252 patients with superficial upper 
gastrointestinal lesions were included in this comparative study. The control group consisted of 134 patients 
treated with conventional endoscopic techniques. The main group included 118 patients who underwent a novel 
procedure based on submucosal injection of a Hemoben–based gel followed by diode laser excision. The main 
outcomes were en bloc resection rate, intraoperative and delayed bleeding, perforation, postoperative 
complications (according to the Clavien–Dindo classification), hospital stay, and recurrence rate during a follow-
up period of 6–18 months. Results: En bloc removal was achieved more often in the main group (82.6%) than in 
the control group (69.8%). Clinically significant bleeding during the procedure was observed only in the control 
group (6.6%), while it was not recorded in the main group. Delayed bleeding was less frequent in the main group 
(0.6% vs 3.3%). The overall complication rate was significantly lower in patients treated with the new technique 
(0.8% vs 4.5%, p = 0.011). The recurrence rate decreased from 17.4% in the control group to 3.1% in the main 
group. Patients in the main group also had a shorter hospital stay (3.1 ± 0.9 days vs 3.5 ± 1.2 days, p < 0.05). 
Conclusion: Diode laser–assisted endoscopic resection with submucosal gel injection is a safe and effective 
method for treating superficial neoplasms of the upper gastrointestinal tract. The technique improves the 
completeness of resection and reduces the risk of bleeding, postoperative complications and local recurrence 
compared with standard endoscopic approaches. 
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Introduction: Superficial neoplasms of the upper 
gastrointestinal tract are increasingly detected due to 
the widespread use of diagnostic endoscopy. Most of 
these lesions are discovered incidentally during routine 
esophagogastroduodenoscopy and, although they are 
often benign, some may be associated with bleeding, 
anemia, obstruction, or malignant transformation. For 
this reason, timely and safe removal of such lesions 
remains an important clinical task [1-3]. 

Currently, a wide range of endoscopic techniques is 
used for the treatment of these pathologies, including 
cold snare polypectomy, electrocoagulation, 
endoscopic mucosal resection (EMR), and endoscopic 
submucosal dissection (ESD). Each of these methods 
has clear advantages, but none of them is free from 
limitations. Larger lesions are associated with a higher 
risk of incomplete resection, bleeding, perforation, and 
local recurrence. In daily practice, endoscopists often 
have to balance between radicality of removal and the 
safety of the procedure [2-9, 15-18,25]. 

Despite the continuous development of endoscopic 
technologies, postoperative complications and 
recurrence of superficial neoplasms remain a relevant 
problem. According to published data, bleeding rates 
after endoscopic resection may reach several percent, 
whereas perforation and post-polypectomy syndrome 
are still reported even in experienced centers. In 
addition, incomplete removal of lesions, especially in 
cases of fragmented excision, significantly increases 
the risk of local recurrence [2,7,10-14, 19-24]. 

In recent years, increasing attention has been paid to 
techniques that can improve the safety profile of 
endoscopic interventions. The creation of a 
submucosal “cushion” using injection solutions before 
resection has been shown to reduce thermal injury of 
deeper layers and to improve visualization of tissue 
planes. Laser-assisted technologies are also considered 
promising due to their precise cutting ability and 
controlled depth of tissue penetration [1-5,15,22,24]. 

However, the clinical effectiveness of combining 
submucosal gel injection with diode laser excision for 
the treatment of superficial lesions of the upper 
gastrointestinal tract has not been sufficiently studied. 
There are still limited data regarding the impact of this 
approach on complication rates, radicality of resection, 
and long-term outcomes [15-17,20-25]. 

Therefore, the aim of the present study was to evaluate 
the safety and clinical effectiveness of a diode laser–
assisted endoscopic resection technique using 
submucosal gel injection in patients with superficial 
neoplasms of the upper gastrointestinal tract 
[7,9,15,19]. 

METHODS 

Study design and patients. This comparative clinical 
study included 252 patients with superficial neoplasms 
of the upper gastrointestinal tract who underwent 
endoscopic treatment at the State Institution 
“Republican Specialized Scientific and Practical Medical 
Center for Surgery named after Academician V. 
Vakhidov” (Tashkent, Uzbekistan). Patients were 
examined and treated in the endoscopy department of 
the above-mentioned center during routine clinical 
practice. The patients were divided into two groups. 
The control group consisted of 134 patients who were 
treated with conventional endoscopic techniques, 
including cold biopsy forceps removal, cold snare 
polypectomy, thermal electroexcision, endoscopic 
mucosal resection (EMR), and submucosal dissection. 
The main group included 118 patients who underwent 
endoscopic removal using a novel technique based on 
submucosal gel injection followed by diode laser 
excision. The study was conducted in accordance with 
institutional ethical standards. Written informed 
consent was obtained from all patients before the 
procedures. 

Characteristics of lesions. The average size of the 
lesions was 0.9 cm in the control group and 1.0 cm in 
the main group. The morphological type of the lesions 
was determined according to the Paris Endoscopic 
Classification of Superficial Neoplastic Lesions. 

Most lesions were polypoid (types 0-Ip and 0-Is): 

• 93.4% in the control group 

• 89.2% in the main group 

Non-polypoid, slightly elevated lesions (type 0-IIa) were 
observed in: 

• 6.6% of patients in the control group 

• 10.8% in the main group 

Description of the novel technique. In the main group, 
a novel endoscopic method was used. It consisted of 
submucosal injection of a gel prepared from Hemoben 
powder mixed with 20 ml of methylene blue solution 
into the base of the lesion, creating a visible 
submucosal cushion. 

After adequate elevation of the lesion, excision was 
performed using a diode laser (Gbox system). The 
lesion was removed together with a rim of visually 
normal surrounding mucosa at the level of the 
submucosal layer. 

In cases where high-energy laser equipment was not 
available, the same gel injection technique could be 
combined with standard cold or thermal excision 
methods. 

Outcome measures. The following clinical outcomes 
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were analyzed: 

• Rate of en bloc resection 

• Frequency of intraoperative and delayed 
bleeding 

• Occurrence of perforation 

• Postoperative complications according to the 
Clavien–Dindo classification 

• Duration of hospital stay 

• Rate of local recurrence during follow-up 

Patients were followed for 6 to 18 months after the 
procedure using scheduled endoscopic examinations. 
Recurrence was defined as the appearance of a new 
lesion in the area of the previous resection scar. 

Statistical analysis. Statistical analysis was performed 
using standard biomedical methods. Quantitative 
variables were expressed as mean ± standard 
deviation. Group comparisons were performed using 
the chi-square test (χ²) for categorical variables and the 
Student’s t-test for continuous variables. A p-value < 
0.05 was considered statistically significant. 

RESULTS AND DISCUSSION 

Analysis of endoscopic procedure protocols showed 
clear differences between the study groups. In the 
comparison group, 69.8% of polyps were removed en 
bloc, while 55 lesions required fragmented resection. 
In the main group, where the new excision technique 
was applied, en bloc resection was achieved in 82.6% 
of cases, and only 17.4% of lesions were removed in 
fragments. 

For polyps measuring up to 1 cm, en bloc removal was 
possible in 112 of 149 lesions (75.2%) in the comparison 
group and in 114 of 128 lesions (89.1%) in the main 
group. For lesions larger than 1 cm, these rates were 
lower but remained more favorable in the main group 
(45.5% vs 61.5%). 

Bleeding remains the most frequent complication of 
endoscopic removal of mucosal lesions. The use of the 
proposed technique, which includes a hemostatic 
component, allowed a significant reduction in bleeding 
rates. Clinically significant intraoperative bleeding 
requiring additional hemostatic measures occurred in 
12 patients (6.6%) in the comparison group and was not 
observed in the main group. Delayed bleeding in the 
early postoperative period developed in 6 patients 
(3.3%) in the comparison group and in only 1 patient 
(0.6%) in the main group. 

When clinically significant complications were analyzed 
according to the Clavien–Dindo classification (grades 
II–IIIb), the following results were observed. In the 
comparison group, delayed bleeding occurred in 6 
patients (4.5%), while in the main group this 
complication was recorded in 1 patient (0.8%). One 
case of duodenal perforation (0.7%) was observed in 
the comparison group on the first postoperative day. In 
addition, 3 patients (2.2%) in the comparison group 
developed post-polypectomy electrocoagulation 
syndrome. The vast majority of patients had an 
uncomplicated course: 92.5% in the comparison group 
and 99.2% in the main group (p = 0.011) (tab.1). 

Table 1. 

Frequency of complications after endoscopic removal 

Complication 
Comparison group 

(n=134) 
% 

Main group 
(n=118) 

% 

Bleeding 6 4.5 1 0.8 

Perforation 1 0.7 0 0.0 
Post-polypectomy 

electrocoagulation syndrome 
3 2.2 0 0.0 

No complications 124 92.5 117 99.2 

Total 134 100.0 118 100.0 

*** χ² = 6.578; df = 1; p = 0.011 

In the comparison group, accurate morphological 
verification was not possible in 57 cases, whereas in the 
main group the proportion of morphologically 

unidentified polyps was significantly lower (15.6%), 
which can be explained by better tissue preservation 
after laser-assisted excision combined with submucosal 
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lifting. 

The frequency of complications was significantly lower 

in the main group compared with the comparison 
group (Fig.1). 

 

Figure 1. Complications after endoscopic removal of superficial neoplasms of the upper 
gastrointestinal tract. 

Hyperplastic polyps were identified in 64.8% of cases in 
the comparison group and 61.7% in the main group. 
Fundic gland polyps accounted for 18.4% and 19.9%, 
respectively. Adenomatous polyps were found in 16.8% 
and 18.4% of cases. Malignancy was confirmed in 4 
cases in the comparison group and in 6 cases in the 
main group. 

Different grades of epithelial dysplasia were detected 
in 16.8% of cases in the comparison group and 17.7% in 
the main group. Although surgical treatment was 
recommended to patients with confirmed malignancy, 
only 3 patients underwent subtotal gastric resection, 
while the remaining patients refused surgery and were 
followed up dynamically. 

Assessment of resection margins has been performed 
over the last 1.5 years and was therefore available only 
for 71 patients in the main group. Histological analysis 
showed R0 resection in 91.5% of cases, while R1 
resection was detected in 8.5%. 

For polyps up to 1 cm, R0 resection was confirmed in 
26 of 27 cases, whereas for lesions larger than 1 cm, R0 

resection was achieved in 88.6% of cases. 

Postoperative rehabilitation protocols were similar in 
both groups. However, after the introduction of the 
new technique, a reduction in hospital stay was 
observed. Early discharge (within 3 days) was possible 
in 55.2% of patients in the comparison group and in 
69.5% of patients in the main group. Hospitalization for 
4–5 days was required in 38.8% and 29.7% of cases, 
respectively. More than 5 days in hospital were needed 
in 6.0% of patients in the comparison group and in only 
0.8% in the main group (p = 0.017). 

The mean length of hospital stay was 3.5 ± 1.2 days in 
the comparison group and 3.1 ± 0.9 days in the main 
group (p < 0.05). 

Follow-up data were available for 109 patients in the 
comparison group and 98 patients in the main group, 
with an observation period of 6–18 months. In the 
comparison group, 82.6% of patients remained 
recurrence-free, whereas 19 patients (17.4%) 
developed recurrent superficial neoplasms. In the main 
group, recurrence was detected in only 3 patients 
(fig.2). 
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Figure 2. Recurrence rate of superficial neoplasms after endoscopic treatment. 

Recurrence rates depended strongly on the initial size 
of the lesions. For polyps up to 1 cm, recurrence 
occurred in 7.8% of cases in the comparison group and 
in 0.9% in the main group. For lesions measuring 1–2 

cm, recurrence rates were 33.3% and 4.5%, 
respectively. For lesions larger than 2 cm, the 
recurrence rate was 60.0% in the comparison group 
and 8.3% in the main group (tab.2). 

Table 2. 

Recurrence rate by initial polyp size 

Polyp 
size 

Comparison 
group (n) 

Recurrence n 
(%) 

Main 
group (n) 

Recurrence n 
(%) 

p value 

≤1 cm 128 10 (7.8%) 109 1 (0.9%) 0.012 

1.0–2.0 
cm 

18 6 (33.3%) 22 1 (4.5%) 0.018 

>2.0 cm 5 3 (60.0%) 12 1 (8.3%) 0.023 
Total 151 19 (12.6%) 143 3 (2.1%) <0.001 

The technique of lesion removal also influenced 
recurrence risk. In the comparison group, recurrence 
after en bloc resection was observed in 5.0% of cases, 
compared to 0.9% in the main group. Fragmented 
resection markedly increased recurrence rates to 
28.0% in the comparison group and 7.7% in the main 
group. These findings confirm that the proposed 
method significantly improves the overall effectiveness 
of endoscopic treatment. 

CONCLUSION 

Summarizing the overall results of treatment, it can be 
stated that the introduction of a new technique for 
endoscopic excision of upper gastrointestinal tract 
polyps led to a general improvement in clinical 

outcomes. When all initially treated and subsequently 
followed patients were considered, the new approach 
demonstrated clear advantages in terms of safety and 
long-term effectiveness. 

In this study, treatment outcomes were classified as 
good when no immediate procedural complications 
and no recurrence of polyp formation were observed. 
Outcomes were considered satisfactory in cases 
without recurrence but with clinically significant 
complications that were successfully managed 
conservatively, such as post-polypectomy coagulation 
syndrome, or treated with repeat endoscopic 
intervention for delayed bleeding (Clavien–Dindo 
grades II–IIIa). Unsatisfactory outcomes were defined 
as cases requiring emergency surgical intervention 
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(perforation, Clavien–Dindo grade IIIb) or long-term 
development of recurrent neoplasms. 

Among patients who were followed in the long-term 
period, good outcomes were observed in 73.4% (80 of 
109) of patients in the comparison group, satisfactory 
outcomes in 8.3% (9 of 109), and unsatisfactory 
outcomes in 18.3% (20 of 109). In contrast, in the main 
group, good outcomes were achieved in 95.9% (94 of 
98) of cases, satisfactory outcomes in 1.0% (1 of 98), 
and unsatisfactory outcomes in 3.1% (3 of 98), with a 
statistically significant difference between the groups 
(χ² = 19.562, df = 2, p < 0.001). 

It should also be noted that among ten patients with 
histologically verified malignancy, three underwent 
surgical treatment shortly after diagnosis, and four 
more were operated on within the following six 
months, mainly due to increased oncological concern. 
The remaining three patients did not demonstrate 
tumor recurrence during long-term follow-up. These 
cases were characterized by the absence of deep tumor 
invasion, which was one of the exclusion criteria of the 
study. The outcomes of endoscopic treatment in this 
subgroup were classified as good in eight cases (five in 
the main group and three in the comparison group) and 
satisfactory in two cases (one in each group). 

Overall, the obtained data indicate that diode laser–
assisted endoscopic resection with submucosal gel 
injection is an effective and safe technique that 
significantly improves both short-term and long-term 
clinical outcomes compared with conventional 
endoscopic treatment methods. 
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