Name of Journal: World Journal of Clinical Cases
Manuscript NO: 68608
Manuscript Type: ORIGINAL ARTICLE

Retrospective Study
Endoscopic ultrasonography diagnosis of gastric glomus tumors

Bai B et al. EUS of gastric glomus tumors

Bing Bai, Chong-Shan Mao, Zhen Li, Sheng-Li Kuang

Bing Bai, Zhen Li, Oncology Center, Henan Provincial People's Hospital (People's Hospital of Zhengzhou University), Zhengzhou 450003, Henan Province, China

Chong-Shan Mao, Public Health Medical Center, Henan Provincial People's Hospital (People's Hospital of Zhengzhou University), Zhengzhou 450003, Henan Province, China

Sheng-Li Kuang, Department of Digestive Disease, Henan Provincial People's Hospital, Zhengzhou 450003, Henan Province, China

Author contributions: Bai B, Mao CS, Li Z and Kuang SL contributed equally to this work; Bai B designed the research study; Mao CS performed the case search; Li Z analyzed the data; Kuang SL wrote the manuscript; all authors have read and approved the final manuscript.

Corresponding author: Sheng-Li Kuang, PhD, Associate Chief Physician, Department of Digestive Disease, Henan Provincial People's Hospital, No. 7 Weiwu Road, Zhengzhou 450003, Henan Province, China. yiying365@126.com

Received: May 28, 2021
Revised: July 3, 2021
Accepted: October 11, 2021
Published online: 

11/23
Abstract
BACKGROUND
A gastric glomus tumor is relatively rare, and there is little knowledge on its endoscopic ultrasound findings.

AIM
To assess the accuracy of endoscopic ultrasonography (EUS) in the diagnosis of gastric glomus tumor and to discuss its value by reviewing the literature.

METHODS
A retrospective analysis of the EUS characteristics of gastric glomus tumor (such as tumor location, shape, size, echogenicity, homogeneity, margins, layer of origin, and so on) was performed. The study included 12 cases of gastric glomus tumor confirmed by surgery and pathology (7 females and 5 males, age range 36-74 years, average age was 58.2 years).

RESULTS
All the lesions were located in the gastric antrum (12 cases), protruding into the cavity, with a diameter between 1 and 3.5 cm. Glomus tumor of the stomach manifested as a circumscribed and slightly hypoechoic mass in the fourth layer, with an internal heterogeneous echo mixed with hyperechogenic spots and a marginal more hypoechoic halo. Smooth muscle actin, h-caldesmon and vimentin were shown to be positive by immunohistochemistry. 

CONCLUSION 
Although glomus tumor of the stomach is relatively rare, a typical glomus tumor of the stomach has characteristic changes under EUS.
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Core Tip: Gastric glomus tumor is a rare non-epithelial benign vascular tumor and is difficult to diagnose with upper gastrointestinal endoscopy. We summarized the characteristics of endoscopic ultrasonography (EUS), computed tomography (CT) and pathology of 12 cases of gastric glomus tumor confirmed by pathology. The EUS characteristics of a gastric glomus tumor include a hypoechoic lesion originating from the fourth layer with a peripheral acoustic halo. Clinically, the diagnosis can be confirmed by the EUS characteristics combined with CT imaging findings.

INTRODUCTION
Glomus tumor is a rare non-epithelial benign vascular tumor occurring at the site of arteriovenous anastomoses. Tumor cells are derived from smooth muscle cells with vascular spheroid degeneration. Glomus tumors often occur under the nail bed at the end of the extremities, and can also occur in other parts, such as soft tissue, mediastinal lung, nose, pharynx, sacrococcygeal region etc. Glomus tumors of the gastrointestinal tract are relatively rare and more common in the stomach. Most gastric glomus tumors are benign and are occasionally found as subepithelial lesions[1,2]. Endoscopic ultrasound is currently more and more widely used in clinical practice, but there is little understanding of the endoscopic ultrasound manifestations of gastric glomus tumors, and their characteristics. This study summarized the endoscopic ultrasound manifestations and related pathological characteristics of 12 cases of gastric glomus tumors confirmed by surgery and pathology, combined with a review of relevant literature, to improve the diagnosis and understanding of the disease under endoscopic ultrasound.

MATERIALS AND METHODS
Patient and case selection.
This study was a retrospective observational study. We retrospectively collected data from medical records and endoscopic reports at Henan Provincial People’s Hospital (Zhengzhou China). Twelve cases of gastric glomus tumor confirmed by surgery and pathology in our hospital from January 2013 to October 2020 were enrolled, including 7 females and 5 males, aged 36-74 years, with an average age of 58.2 years. Six cases experienced epigastric pain and discomfort with acid reflux and heartburn, 1 case had nausea, 2 cases had a positive stool occult blood test and 3 cases were normal following physical examination. Of the 12 patients, 9 underwent endoscopic submucosal dissection (ESD) and 3 underwent surgical procedures. All patients underwent endoscopic ultrasound and abdominal contrast-enhanced CT scanning before treatment.

Endoscopic equipment and methods
Endoscopic ultrasound examination included the use of the EU-ME2 PP ultrasound host (Olympus Japan), MAJ-935 or MAJ-1720 ultrasound probe driver, UM-2R, UM-3R ultrasound microprobe, or the GF-UE160-AL5 radial array scanning endoscope. Ultrasound scanning was performed by the water injection method. The liquid and gas in the gastric cavity were first removed, and the target lesions of ultrasonic scanning were displayed and confirmed. Then, water was slowly injected at a low flow rate, and the lesion was completely immersed in degassed water following suction of gastric air. The micro-probe was taken out of the endoscopic channel for ultrasound scanning, and for larger lesions, a radial scanning ultrasound was used for ultrasound scanning. The following features were recorded: location, size, the presence of mucosal ulceration, shape, original layer, echogenicity, echo uniformity, the presence of marginal halos, cystic change, and calcification. 

Histopathologic examination
All specimens were fixed in 10% buffered formalin and routinely processed, followed by routine hematoxylin and eosin immunohistochemical staining. The immunohistochemical staining process was carried out according to the instructions. The pathology results were independently interpreted by 2 experienced pathologists. Under a light microscope, tumor cells were seen growing around blood vessels. Diagnosis was confirmed when immunohistochemistry showed positive smooth muscle actin (SMA), h-caldesmon and vimentin[3].

RESULTS
Endoscopic ultrasound 
During gastroscopy, all lesions were located in the gastric antrum, and presented as a submucosal tumor that protruded into the lumen in a small semi-spherical shape (Figure 1A). Ten cases had smooth hemispherical bulges of the mucosa, the same color as the surrounding mucosa, and 2 cases had small concave ulcers on the mucosa surface, leading to hemorrhage. The lesions were located in the anterior wall of the gastric antrum in 3 cases and in the lesser curvature of the gastric antrum in 9 cases. Endoscopic ultrasonography (EUS) showed that the lesions were round, ranging in maximum diameter from 10 mm to 35 mm with a mean diameter of 20 mm. The echo was slightly hypoechoic, and was uniform, accompanied by small hyperechoic spots. There were small anechoic areas in the larger lesions, and halos with a lower echo. The outer boundary of the halo was clear, and the inner boundary was fuzzy. All lesions originated from the fourth layer, that is, the muscularis propria (Figure 1B). The clinical and endoscopic ultrasound features of the 12 cases of gastric glomus tumor are summarized in Table 1.

Computed tomography features 
Enhanced CT examination was as follows: A Philips ingenuity 64 slice multi-slice spiral CT scanner was used, 1 mm thick, 5 mm reconstruction, whole abdomen plain scan and enhanced scan. The non-ionic contrast agent ioversol (100 mL; 320 mg I/mL) was injected with a Medrad Vistron CT high-pressure syringe at a rate of 3.0 mL/s via the elbow vein. The first phase (arterial phase) abdominal scan was started 30 s after injection, and the second phase (portal phase) abdominal scan was started 80 s after injection. CT showed well-defined subepithelial masses with homogeneous soft tissue densities with clear margins and perigastric adipose tissue. Dynamic contrast-enhanced CT showed strong peripheral nodular or homogeneous enhancement in the arterial and portal phases and prolonged enhancement in the delayed phase. The capsule of the tumor was slightly enhanced on CT scan, and no enlarged lymph nodes were observed (Figure 2).

Pathological features
Gross examination showed the following: In 9 cases of ESD resection of tumor and 3 cases of partial gastric wall and tumor, the lesions were round, with clear boundaries, no obvious capsule, grayish-red, or grayish-white in color, and a tough texture. Histologically, the tumors were located in the gastric muscularis propria and composed of glomus cells surrounding capillaries. The tumor cells were small, uniform in size, arranged in nests, and round without nuclear pleomorphism, mitotic figures, or necrosis, and grew around blood vessels. The tumors had abundant blood supply; dilated blood vessels were visible in the surrounding muscularis along with clear or light red cytoplasm, and no atypia or mitosis (Figure 3). Immunohistochemically, tumor cells showed diffuse immunostaining for SMA, h-caldesmon, and vimentin in 12 cases (Figure 4-6), and all tumors were negative for CD117, CD34, S-100, dog-1, desmin, and CD31.

DISCUSSION
A gastric glomus tumor is an organ-like tumor composed of glomus cells. The glomus is a network of capillaries connecting arteries and veins. The terminal organ-like tumor is composed of a small entering artery, anastomotic vessel/original collecting vein, endovascular reticular structure and a capsule. According to its contraction mechanism, it regulates and controls the peripheral blood flow, so as to control blood pressure and body temperature[4]. The glomus cells are covered by thin-walled vessels rich in normal endothelial cells. Most of the tumor cells of the gastric glomus tumor have no atypia, occasionally some tumor cells have atypia, and even invade blood vessels. A few cases have metastasis, but most of them are benign. The recommended criteria for malignant gastric glomus tumor proposed by Folpe et al[5] are: (1) Deep tumor location; (2) Tumor diameter more than 2 cm; (3) Moderate or high nuclear grade with mitotic image, ≥ 5 mitotic figures/50 hpf; and (4) Pathological mitosis. Tumor size, cell atypia, mitotic number and pathological mitosis were prognostic factors. Zhang reported a case of gastric glomus tumor with the largest diameter of 10 cm. Although the tumor was deeply located and the diameter was much larger than 2 cm, the tumor cells did not show mitosis, and it was a benign lesion[6]. In our study, the diameter of the gastric glomus tumors was less than or equal to 3.5 cm, the boundary was clear, there was no atypia and mitosis, and all were benign lesions.
Miettinen et al[7] reported 32 cases of gastrointestinal glomus tumor. Among them, 31 cases originated from the stomach and 1 case from the cecum. Gastric glomus tumors account for 1% of gastric mesenchymal tumors.  A gastric glomus tumor is usually located in the muscularis propria or submucosa of the stomach. Patients usually have no specific symptoms, abdominal discomfort, upper abdominal pain, and/or upper gastrointestinal bleeding are relatively common clinical manifestations. The lesion is more common in people over 60 years old, and more common in women than in men. The average age in our group was 58.2 years. Seven patients mainly had epigastric discomfort, acid reflux and heartburn. The lesion was found by gastroscopy examination in 3 patients, and by fecal occult blood in 2 patients. The data showed slightly more female patients than male patients, and the lesions were located in the gastric antrum, which was basically consistent with the literature reports.
All cases in this study were identified by endoscopy, and endoscopic ultrasound was then performed. The common endoscopic manifestations are subepithelial lesions, regular shape of the mucosa bulge, smooth surface mucosa, color is the same as the surrounding mucosa[8]. Endoscopic ultrasound of a gastric glomus tumor is characterized by a hypoechoic tumor, located in the third or fourth layer of the gastric wall, with an uneven internal echo and high echo spots. An acoustic halo at the edge can be seen[9]. We found that the lesions were round and hypoechoic, with a lower echoic halo around them, and some with small hyperechoic spots, which were consistent with previous reports. However, the echo was slightly hypoechoic, and all of them originated from the fourth layer, the muscularis propria. A slightly hypoechoic echo was observed compared with the echogenicity of gastrointestinal stromal tumors. The gastrointestinal stromal tumor is the most common interstitial tumor in the stomach. Gastrointestinal stromal tumors are characterized by subepithelial lesions, which is one of the most important features in the differential diagnosis of gastric glomus tumors. Typical endoscopic ultrasound features are clear boundary, low echogenicity and even relative echogenicity, which originate from the fourth layer, mostly at the fundus of the stomach. The echo intensity of a gastric glomus tumor is generally higher than that of a gastrointestinal stromal tumor. Of course, a more accurate method is to measure the gray value or relative gray value (compared with the intrinsic muscular layer beside the lesion). It is difficult to distinguish gastric glomus tumor or gastrointestinal stromal tumor under endoscopy, which is characterized by subepithelial lesions with a mucosal bulge. A gastric glomus tumor is usually isolated, located in the antrum or the lower part of the stomach. Gastrointestinal stromal tumor is single, occasionally multiple, mostly found in the stomach body or fundus.
A contrast-enhanced CT scan of gastric glomus tumors shows significant enhancement in the arterial, portal, and delayed phases, nodular or homogeneous enhancement may be seen around the mass in the arterial phase, and there is still significant enhancement in the portal and delayed phases, indicating that the lesion enhances substantially and simultaneously with the abdominal aorta at the same level[2,8,10]. Histopathologically, there are many thin-walled and tortuous vessels within the tumor tissue with an abundant blood supply. This internal structure of the tumor determines the pathologic basis for the apparent enhancement seen on the contrast-enhanced CT scan, which is significantly higher than that of other benign tumors.
Microscopically, a gastric glomus tumor is composed of a vascular lumen surrounded by small round cells of a single morphology with centrally placed nuclei and inconspicuous nucleoli. Pleomorphism, atypia, mitosis and necrosis are rare in gastric glomus tumors[8,11]. Immunohistochemically, the tumor is positive for SMA, vimentin, actin, collagen IV, and laminin, and negative for CD117, dog-1, S100, CD34, desmin and negative for neuroendocrine markers such as chromogranin, synaptophysin, CD56, and CD57[11]. Most gastrointestinal stromal tumors are strongly positive for CD117 and dog-1, and immunohistochemistry of gastric glomus tumors show negative CD117 and dog-1 as a means of differential diagnosis. The morphology and immunohistochemical features of the patients' lesions in our group were consistent with those in the literature.
Gastric glomus tumors are mostly benign and most do not require treatment, so their preoperative diagnosis is especially important. Endoscopic ultrasound combined with abdominal enhanced CT can diagnose gastric glomus tumors, but the final definitive diagnosis requires immunohistochemistry of the pathology. In this case group, 7 patients were diagnosed with gastric glomus tumors by endoscopic ultrasound, which shows that with the accumulation of endoscopic ultrasound experience, the endoscopic ultrasound characteristics of gastric glomus tumors can increase the understanding of the disease and make the diagnosis less difficult.

CONCLUSION
Although gastric glomus tumors are relatively rare, typical gastric glomus tumors have characteristic changes on endoscopic ultrasound. These characteristic changes include gastric antrum location, originate from the fourth layer, solitary, round and slightly hypoechoic lesions with halos at the margins are typical manifestations. The diagnosis of a gastric glomus tumor can be made clinically based on the endoscopic ultrasound features and contrast-enhanced CT findings; however, confirmatory diagnosis is always by pathological examination.

ARTICLE HIGHLIGHTS
Research background
Gastric glomus tumors are relatively rare, and there is little knowledge regarding their endoscopic ultrasound findings.

Research motivation
Knowledge of the endoscopic characteristics of gastric glomus tumor is helpful in the diagnosis and differential diagnosis, and avoiding unnecessary surgery.

Research objectives
To summarize the endoscopic ultrasound characteristics of gastric glomus tumors confirmed by histopathology, and to verify the effectiveness of these characteristics in clinical cases.

Research methods
The records of 12 consecutive patients undergoing endoscopic ultrasonography (EUS) examination, surgery and pathology analysis for gastric glomus tumors in one institution from 2013-2020 were reviewed. Analysis of the EUS characteristics of gastric glomus tumors (such as tumor location, shape, size, echogenicity, homogeneity, margins, layer of origin, and so on) was carried out.

Research results
Ten cases had smooth hemispherical bulges of the mucosa, the same color as the surrounding mucosa, and 2 cases had small concave ulcers on the mucosa surface, leading to hemorrhage. The lesions were located in the anterior wall of the gastric antrum in 3 cases and in the lesser curvature of the gastric antrum in 9 cases. EUS showed that the lesions were round, ranging in maximum diameter from 10 mm to 35 mm with a mean diameter of 20 mm. The echo was slightly hypoechoic, and uniform, accompanied by small hyperechoic spots in some. There were small anechoic areas in the larger lesions, and halos with a lower echo. The outer boundary of the halo was clear, and the inner boundary was fuzzy. All of the lesions originated from the muscularis propria.

Research conclusions
Typical manifestations of gastric glomus tumors include gastric antrum location, originate from the fourth layer, solitary, round and slightly hypoechoic lesions with halos at the margins.
Research perspectives
A multi-center study, with an expanded sample size and prospective verification is required.
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Figure Legends
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Figure 1 Endoscopic view of a well-circumscribed elevated lesion with normal overlying mucosa at the stomach antrum (arrow). A: Endoscopic ultrasound (EUS) characteristics of glomus tumors; B: Tumor originates from the fourth EUS layer (muscularis propria) and shows slight hypoechogenicity and a characteristic marginal halo around the tumor.
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Figure 2 Computed tomography features of glomus tumors. Contrast-enhanced computed tomography image obtained during the plain scan, arterial phase, portal phase; homogeneous strong enhancement is seen in the gastric antrum lesion (arrow).
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Figure 3 Photomicrograph of the tumor cells. A: Clusters of uniform, round cells around dilated blood vessels, cytoplasm was transparent or reddish, and the cells had no atypia or mitotic appearance; B: Positive smooth muscle actin staining of tumor cells, which shows a brown cytoplasmic stain; C: Positive h-caldesmon staining of tumor cells, which shows a brown cytoplasmic stain; D: Positive vimentin staining of tumor cells, which shows a brown cytoplasmic stain. Hematoxylin-eosin; original magnification: 200 ×.
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	Gender
	Age (yr)
	Treatment method
	Location
	Symptom
	Diameter (cm)
	Endoscopic ultrasound features
	Ulceration
	Follow-up time (yr)
	Recurrence

	1
	Female
	36
	ESD
	Anterior wall of the gastric antrum
	Normal
	1
	The fourth layer, round, hypoechoic, halos
	N
	3
	N

	2
	Female
	47
	ESD
	Lesser curvature of the gastric antrum
	Normal
	1.2
	The fourth layer, round, hypoechoic, halos
	N
	4
	N

	3
	Female
	56
	Operation
	Lesser curvature of the gastric antrum
	Positive OBT
	3.5
	The fourth layer, round, hypoechoic, halos, with anechoic areas 
	Y
	7
	N

	4
	Male
	63
	ESD
	Anterior wall of the gastric antrum
	Epigastric pain, heartburn
	1.5
	The fourth layer, round, hypoechoic, halos
	N
	5
	N

	5
	Male
	65
	ESD
	Lesser curvature of the gastric antrum
	Epigastric pain, heartburn
	1.8
	The fourth layer, round, hypoechoic, halos
	N
	2
	N

	6
	Male
	58
	ESD
	Lesser curvature of the gastric antrum
	Heartburn
	2.3
	The fourth layer, round, hypoechoic, halos, small hyperechoic spots
	N
	4
	N

	7
	Female
	54
	ESD
	Lesser curvature of the gastric antrum
	Heartburn
	2.1
	The fourth layer, round, hypoechoic, halos
	N
	6
	N

	8
	Male
	64
	ESD
	Lesser curvature of the gastric antrum
	Epigastric pain, heartburn
	2.2
	The fourth layer, round, hypoechoic, halos, small hyperechoic spots
	N
	1
	N

	9
	Male
	70
	ESD
	Anterior wall of the gastric antrum
	Normal
	1.3
	The fourth layer, round, hypoechoic, halos
	N
	5
	N

	10
	Female
	56
	ESD
	Lesser curvature of the gastric antrum
	Epigastric pain, heartburn
	1.7
	The fourth layer, round, hypoechoic, halos
	N
	3
	N

	11
	Female
	55
	Operation
	Lesser curvature of the gastric antrum
	Positive OBT
	3.2
	The fourth layer, round, hypoechoic, halos, with anechoic areas 
	Y
	1
	N

	12
	Female
	74
	Operation
	Lesser curvature of the gastric antrum
	Nausea
	2.8
	The fourth layer, round, hypoechoic, halos, with anechoic areas 
	N
	0.5
	N


ESD: Endoscopic submucosal dissection; OBT: Occult blood test; N: No; Y: Yes.
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