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Introduction

Currently, different types of surgeries have been proposed 
for the treatment of patients with non-epithelial tumors of 
the stomach and duodenum, including both laparoscopic 
and thoracoscopic resections of the organ, and endoscopic 
tunneling dissections. To select a modern organ-preserving 
surgical technique we need criteria, which will determine 
the best type of surgery in each particular case, especially for 
tumors at anatomically narrow sites—the esophagogastric 
junction, pylorus and duodenum. We have analyzed the 

growth pattern, localization, structure of tumors, and the 
possibility of performing various types of surgeries on the 
esophagus, stomach and duodenum. Based on the results 
obtained, a working classification of tumors based on EUS-
typing was developed to determine the optimal surgical 
technique. 

Methods

From 2005 to 2017, 168 patients with non-epithelial 
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tumors of the esophagus, stomach, and duodenum were 
examined, and 80 patients with non-epithelial tumors 
were operated at the A.V. Vishnevsky Institute of Surgery, 
Moscow, Russia. Among patients who underwent surgical 
procedures there were 46 females and 34 males with median 
age of 43.8±16.2 [28–72] years. All patients underwent an 
endoscopic examination of the upper gastrointestinal tract, 
and CT with bolus tracking. The key method to examine 
patients was an endoscopic ultrasound (EUS) to determine 
the putative non-epithelial tumor type, as well as the source 
wall layer and the size of the tumor base. 

All patients underwent an endoscopic examination 
of the upper gastrointestinal tract, and CT with bolus 
tracking. The key method to examine patients was an EUS 
to determine the putative non-epithelial tumor type, as 
well as the source wall layer and the size of the tumor base. 
Intraoperative laparoscopic ultrasound was used only for 
surgical navigation.

Laparoscopic atypical stomach resections were performed 
in 62 cases with laparoscopic ultrasound and/or endoscopic 
navigation. In 7 cases, endoscopic tunnel dissections with 
and without laparoscopic assistance were performed, in 
11—removal of the tumor with the mucosal covering by the 
submucosal dissection. 

Based on an analysis of the data from preoperative 
endosonography, intraoperative ultrasound and histological 
examination of the resected specimen, a working 
classification of non-epithelial tumors was developed that 
determines what type of surgical intervention will be the 
most effective with maximum organ preservation.

Results

Median operating time was 64±12.6 (45–150 minutes) with 
minimal blood loss (<30–40 mL) and with R0 resections 
on pathology of specimens in all cases. Recovery was 
uneventful with no major complications (1 patient with 
wound seroma), no re-interventions and median post-op 
hospital stay was 6±2.4 (from 2 to 9) days. Post-operative 
assessment includes evaluation of the complaints, the results 
of upper GI endoscopy and CT. 

Based on the results in 69 cases, the tumor originated 
from the muscular layer of the stomach wall (fourth echo 
layer), in five—from the submucosal layer (third echo layer), 
in four—from the muscularis mucosa (second echo layer).

The classification involves three types of tumors 
depending on wall layer of the hollow organ where the 
tumor base is localized (Figure 1).

Type I: the tumor originates from the muscularis 
mucosa (second echo layer) (Figure 2). In this type, the 
tumor is characterized by intra-organ growth, is easily 
displaced relative to the organ wall during instrumental 
palpation. The most effective intervention for such tumors 
is the intraluminal removal of the tumor with the mucosa 
covering it by submucosal dissection or, for small tumors, 
endoscopic mucosal resection. During these techniques 
we always use lifting by submucosal injection of HES with 
indigo carmine dye. In cases of endoscopic removal of 
submucosal tumor (SMT) by means of endoscopic mucosal 
resection with tumor we never close the defect of mucosa. 
In all cases of tumor removal by means of endoscopic 
tunneling dissection we close the entry point to the tunnel 

Figure 1 The principles of classification are based on EUS layers of GI wall. EUS, endoscopic ultrasound.
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routinely with endoscopic clips (Figure 3). 
Type II: the tumor is localized in the submucosal layer, 

is predominantly intra-organ, the base of the tumor can 
reach its largest diameter (Figure 4). With such tumors, 

endoscopic intraluminal resection is also the most effective 
and safe. With such localization, endoscopic mucosal 
resection is usually not effective; the tumor is enucleated 
from the submucosal layer after resection of the mucosa 

Figure 2 Non-epithelial tumor type I originating from muscularis mucosa. (A) Scheme: 1, mucosa; 2, muscularis mucosa; 3, submucosa; 4, 
muscularis propria; 5, adventitia/serosa; (B) endoscopic image; (C) EUS image. EUS, endoscopic ultrasound.

Figure 3 Endoscopic removal of tumor located at the GE junction after opening the covering mucosa: (A,B,C,D) steps of procedure.

Figure 4 Non-epithelial tumor type II originating from submucosa. (A) Scheme: 1, 2, 3, 4, 5—layers of GI wall; (B) endoscopic image; (C) 
EUS image. EUS, endoscopic ultrasound.
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over the tumor (Figure 5).
Type III: the tumor originates from the muscular layer 

of the organ wall. With such localization, intraluminal 
removal of the tumor sometimes leads to perforation of 
the wall, therefore, laparo-/thoracoscopic access is often 
used; however, endoscopic tunnel dissection is also possible. 
The choice of surgical access and the extent of resection is 
determined by the size of the tumor base in the muscular 
wall layer and the type of growth relative to the lumen—

intra- or extra-organ. Based on these features, Type III is 
divided into four subtypes.

Type IIIa: the tumor is intra-organ and has a base 
that is less than half of the largest diameter of the tumor 
(Figure 6). In this type, the tumor originates from the inner 
circular muscular wall layer, and the angle between the 
inner surface of the organ wall and the tumor is acute. For 
organ preservation, the tunnel dissection with resection of 
the inner muscular wall layer several millimeters from the 

Figure 5 Endoscopic removal of tumor located close to the pylorus after resection of the covering mucosa with no closing of mucosa: 
(A,B,C,D) steps of procedure.

Figure 6 Non-epithelial tumor type IIIa originating from muscularis propria, characterized by intraluminal growth, the size of the tumour 
base is less than ½ of tumour diameter, the angle between mucosa and tumour is sharp. (A) Scheme: 1, 2, 3, 4, 5—layers of GI wall; (B) 
endoscopic image; (C) EUS image. EUS, endoscopic ultrasound.
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Figure 7 Endoscopic removal of tumor located at the gastric angle by means of submucosal endoscopic tunneling dissection: (A) endoscopic 
submucosal dissection; (B) extraction of the tumor from the tunnel; (C) closing of mucosa with endoscopic clips; (D) specimen.

Figure 8 Non-epithelial tumour type IIIb, originating from muscularis propria, characterized by intraluminal growth, the size of the tumour 
base is more than ½ of tumour diameter, the angle between mucosa and tumour is blunt. (A) Scheme: 1, 2, 3, 4, 5—layers of GI wall; (B) 
endoscopic image; (C) EUS image (dotted line shows the tumour base or “growth point”). EUS, endoscopic ultrasound.
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tumor base is the most optimal (Figure 7).
Type IIIb: the tumor is predominantly intra-organ; 

however, the diameter of its base is more than half of the 
largest tumor diameter (Figure 8). In this type, the tumor 
can originate from both the circular and longitudinal 
muscular layers of the stomach, and the angle between the 
inner surface of the organ wall and the tumor, as determined 
by EUS, is obtuse. Both endoscopic tunnel dissection and 
laparoscopic gastric resection can be used. The endoscopic 
approach is justified when the tumor size is less than 3 cm 
and the surgeon has extensive experience of such operations. 
With the laparoscopic access, the tumor removal is most 
effective when it is excised after a gastro- or duodenotomy 
and with subsequent suturing for defect closure (Figure 9). 
This approach involves the least extensive resection of the 
organ wall with the tumor base, which is especially relevant 

in anatomically narrow areas.
Type IIIc: the tumor is both intra-organ and extra-organ 

(Figure 10). It is impossible to determine from which inner 
or outer muscular layer the tumor originates in most such 
cases. When viewed from the abdominal cavity, the angle 
between the outer surface of the organ wall and the tumor 
is most often obtuse, but with an “hourglass” tumor growth 
it may be acute. In this type of tumor, laparoscopic atypical 
resection of the stomach is the most justified both using a 
endoscopic stapler technique or hand-sewing (Figure 11).

Type IIId: the tumor is extra-organ. In this situation, 
the tumor originates from the outer layers of the muscular 
organ wall (Figure 12). The angle between the outer surface 
of the wall and the tumor is acute. With this type of tumor, 
laparoscopic tumor enucleation can be performed with 
resection of the seromuscular layer 2–4 mm away from the 
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Figure 10 Non-epithelial tumour type IIIc originating from muscularis propria, characterized by both intra- and extraluminal growth, 
the size of the tumour base corresponds to the diameter of the tumour, the angle between serosa and tumour is blunt. (A) Scheme: 1, 2, 3, 
4, 5—layers of GI wall; (B) laparoscopic image; (C) EUS image (dotted line shows the tumour base or “growth point”). EUS, endoscopic 
ultrasound.

Figure 11 Laparoscopic approach for gastric GIST located on the posterior gastric wall: (A) endoscopic view; (B) laparoscopic view after 
mobilization of stomach; (C) atypical gastric resection using endoscopic staplers. GIST, gastrointestinal stromal tumor.

Figure 9 Laparoscopic approach for duodenal GIST: (A) laparoscopic view with endoscopic intraoperative navigation; (B) atypical 
duodenum resection after duodenotomy; (C) closing of defect by hand-sewing suturing of anterior wall of duodenum bulb; (D) specimen. 
GIST, gastrointestinal stromal tumor.
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Figure 12 Non-epithelial tumour type IIId originating from muscularis propria, characterized by extraluminal growth, the size of the 
tumour base corresponds to the diameter of the tumour, the angle between serosa and tumour is sharp. (A) Scheme: 1, 2, 3, 4, 5—layers of 
GI wall; (B) laparoscopic image; (C) EUS image (dotted line shows the tumour base or “growth point”). EUS, endoscopic ultrasound.

Figure 13 Laparoscopic approach for gastric GIST located on the lesser curvature: (A) laparoscopic view; (B) mobilization of tumor and 
clipping of the feeding vessels; (C) atypical gastric resection using endoscopic staplers. GIST, gastrointestinal stromal tumor.

tumor base and preservation of the submucosal and mucosal 
layers of the stomach wall if the tumor located close to the 
anatomical sphincters or narrow spaces, otherwise using 
endoscopic stapler is the most fastest and easiest way to 
perform a resection (Figure 13).

Discussion

Non-epithelial tumors of the gastrointestinal tract are a 
heterogeneous group with different histological structure, 
growth pattern and prognosis. With the development 
of endoscopic methods of diagnosis and treatment, 
the approach to the tactics of treating patients with 
this pathology has changed. As the majority of upper 
gastrointestinal non-epithelial tumors are benign, small 
tumors with diameter <2 cm were primarily subjected to 
follow-up observation in the past. If a tumor had a larger 
diameter or clinical symptoms have developed, the tumor 
was resected. With advances in endoscopic ultrasonography 
technology, this technique has become the primary 
screening method for the diagnosis of upper gastrointestinal 

non-epithelial tumors and is capable of determining, in 
general, the nature of a lesion based on the originating 
layer, size, and internal echoes of the lesion, therefore, EUS 
may assist in both diagnosis and guiding treatment (1). 

Most non-epithelial tumors have a favorable prognosis 
and require surgical intervention only in rapid tumor 
growth or impaired patency of the hollow organ. Only 
the gastrointestinal stromal tumor (GIST) has the ability 
to progress, which necessitates a more active surgical 
tactics. A feature of GISTs is their non-infiltrative growth, 
the formation of a pseudocapsule, while lymphogenous 
metastasis is uncommon; this is reflected in the approaches 
to surgical removal of these tumors. According to the 
NCCN recommendations, the standard of treatment for 
localized forms of GIST is complete surgical excision; 
removing a tumor without rupturing the pseudocapsule 
is sufficient, and a routine lymphadenectomy is not  
needed (2). Therefore, laparoscopic, thoracoscopic and 
flexible intraluminal endoscopic approaches are common 
in the treatment of non-epithelial upper gastrointestinal 
tumors (3-6).
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The general principle of the treatment for SMTs is 
local resection with negative resection margin. There 
is no exception to this principle, even with laparoscopic 
surgery; however, different surgical techniques are 
required depending on the location and configuration (i.e., 
endophytic or exophytic) of the tumor (7). 

Although laparoscopic resection has been the main 
stream of minimally invasive surgery for gastrointestinal 
SMTs, recent advances in endoluminal endoscopic 
procedures now provide various treatment modalities for 
gastric SMTs (8). 

The main reason for using endoluminal endoscopy is 
the difficulties of localizing small endophytic tumors by 
laparoscopy. In that sense, the endoscopic approach has 
advantages such as easy localization of the tumors and less 
invasiveness. However, it also carries a risk of bleeding, 
perforation, and less radicality. Therefore, to overcome 
these problems, investigators have developed several 
hybrid techniques combined the laparoscopic method with 
endoscopic procedures that include the advantages of both 
laparoscopic and endoscopic procedure (8-14).

Another limitation of laparoscopic and thoracoscopic 
surgery is the localization of tumors in the difficult places 
such as esophagus, esophagogastric junction and pylorus. 
Non-epithelial tumors located very close to the functional 
sphincters remain a challenge for surgeons because of the 
narrow space, the absence of any redundant gastric wall for 
the laparoscopic linear stapler, and what is more important 
the possibility of postoperative deformity, stenosis, and 
leakage. 

Some have reported that anatomical partial gastrectomy 
unavoidable  when the tumor i s  located near  the 
esophagogastric junction or pylorus, but major gastric 
resection might be too invasive for a gastric SMTs most 
of which are benign tumors. Therefore, various stomach 
preserving techniques including endoluminal endoscopy, 
hybrid laparoendoscopic approach or transgastric approach 
have already been introduced with the main aim to prevent 
deformity, stenosis or sphincters dysfunction (15-17).

Moreover, with the development and technological 
advances in flexible endoscopy recently, endoscopic therapy 
has become the concurrent approach for the treatment 
of upper gastrointestinal non-epithelial tumors (18). In 
particular, the development and maturation of endoscopic 
submucosal dissection (ESD) and peroral submucosal 

tunneling endoscopic resection (STER) allow for the 
endoscopic resection of SMTs with larger diameters 
(>2 cm) and SMTs originating from the deeper layer of 
the gastrointestinal tract—muscularis propria (1). ESD, 
including endoscopic muscularis dissection, is a technically 
feasible procedure for the treatment of SETs. However, 
selection bias is suspected from the enrolled studies. For 
the development of a proper indication of ESD for SETs, 
further studies are needed (19). Publications on STER for 
SMTs conclude that STER is a safe and efficient technique 
for treating SMTs originating from muscularis propria layer, 
which can avoid patients suffering repeated resections (20).  
Furthermore, studies comparing endoluminal endoscopic 
techniques confirmed that both endoscopic nontunneling 
and tunneling resection seem to be effective and safe 
methods for removing relatively small gastric SMTs. 
Compared with endoscopic nontunneling, tunneling 
resection does not seem to have distinct advantages for 
gastric SMTs, but has a longer mean operative time (21).

Conclusions

There is a diversity of surgical approaches for non-epithelial 
tumors treatment. From our point of view, individualization 
is necessary in each specific case. The relevance of this area 
of endoscopic surgery is confirmed by many presentations 
at world congresses and publications. In clinical practice, 
surgeons and advanced surgical endoscopists most often 
offer the techniques that they are skilled at (22-26). Only 
a few departments and clinics that have laparoscopic and 
flexible endoscopic technologies in their hands can offer the 
patient the optimal surgical treatment method. 

Our classification considers the originating GI wall 
layer, the size of the tumor base and the growth type (intra- 
or extra-organ). Based on this classification, the surgical 
approach, the nature and extent of the surgical procedure 
for R0 resection in compliance with the organ preservation 
principles can be selected individually for each patient at the 
preoperative stage (Figure 14).

In all cases, the classification of the non-epithelial tumor 
types proposed in our department led to effective hollow 
organ sparing resection in compliance with the oncological 
principles for the removal of particular tumor type, 
including GIST, performed radically without mortality or 
serious morbidity.
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Figure 14 Summarizing scheme for choice of surgical approach based on preoperative EUS-typing. EUS, endoscopic ultrasound.
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