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Abstract
BACKGROUND
Tissue acquisition from subepithelial lesions is often attempted by endoscopic ultrasound (EUS)-sampling as conventional endoscopic biopsy usually fails to reach deeper layers of the gastrointestinal wall. 

AIM
To investigate the utilisation, safety and diagnostic yield of an intensified “bite-on-bite” tunnel biopsy technique. 

METHODS
In this retrospective cohort study, all patients presenting with subepithelial masses in the upper gastrointestinal tract from March 2013 to July 2019 were included. Data were analysed for size and location of the subepithelial mass, use of intensified tunnel biopsy protocol (more than 10 double bite-on-bite biopsies) or superficial conventional biopsies, histology and imaging results, occurrence of readmission and adverse events after endoscopy.

RESULTS
Two hundred and twenty-nine patients with subepithelial lesions were included. Superficial conventional biopsies were taken in 117 patients and were diagnostic only in one lipoma (0.9 %). Tunnel biopsies taken in 112/229 (48.9%) patients were significantly more likely to provide histological diagnosis (53.6%; P < 0.001). For lesions ≥ 10mm the diagnostic yield of tunnel biopsies further increased to 41/67 (61.2%). No immediate or delayed complications were reported. Only 8 of the 51 endoscopists (15.7%) regularly attempted tunnel biopsies. 

CONCLUSION
Tunnel biopsy is a simple, safe and efficient but underutilised diagnostic modality for tissue acquisition in subepithelial masses. It should be routinely attempted at the initial endoscopy. 
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Core Tip: Subepithelal lesions are found relatively often on cross sectional imaging or during endoscopy. Conventional endoscopic biopsies will not reveal the histological diagnosis in most cases. Endoscopic ultrasound (EUS) with fine needle aspiration or biopsy allows the diagnosis in 50%-90% but requires specialist skills and equipment and is expensive. Tunnel biopsies taken in simple bite-on-bite technique allow histological diagnosis in more than 50% of subepithelial lesions. If tunnel biopsies are taken at the index endoscopy, further follow-up endoscopies and EUS investigations can be avoided in many cases.


INTRODUCTION
Subepithelial masses within the gastrointestinal wall are relatively often encountered as protuberances with normal overlying mucosa during endoscopy of the upper gastrointestinal tract or are detected incidentally by cross sectional imaging. As these lesions are covered by the epithelium and located in the submucosa or muscular layers, conventional biopsy forceps techniques rarely provide a histological diagnosis.
Endoscopic ultrasound (EUS) can further characterise the subepithelial lesions (SEL) by its echogenicity, shape, vascularity or layer of origin but often it will not be possible to provide a definitive diagnosis based only on endosonographic criteria. EUS can also differentiate mural masses from extrinsic indentation by surrounding organs or can identify non-tumorous structures such as varices and cysts which might mimic a subepithelial solid mass.
The differential diagnosis of subepithelial lesions in the wall of the upper gastrointestinal tract encompasses benign, premalignant and malignant entities and therefore might require completely different management depending on the histology. Lipoma and leiomyoma have almost no malignant potential and pancreatic rests or duplication cysts will also not need any further treatment. However, neuroendocrine tumours or gastrointestinal stroma tumours (GIST) would require observation or resection due to the malignant potential. More rarely, metastasis to the stomach can also present as a subepithelial lesion[1].
Appropriate management of subepithelial masses will often require tissue acquisition and that can be challenging for the endoscopist. EUS fine needle aspiration (EUS-FNA) has a relatively low diagnostic yield, especially in lesions of less than 1 cm[2-4]. In a meta-analysis including 987 attempts using EUS-FNA and –FNB (fine needle biopsy), the diagnostic rate of EUS-guided needle sampling was only 59.9%[4].
In this retrospective single center study, we investigated the utilisation, diagnostic yield and safety of an intensified bite-on-bite tunnel biopsy technique using conventional biopsy forceps compared to the conventional superficial biopsy method.

MATERIALS AND METHODS
Study population and data collection
We searched our Endoscopy reporting database (Endobase, Olympus, Tokyo, Japan) from March 2013 to July 2019 for patients who underwent OGD and who were found to have a subepithelial lesion in the upper gastrointestinal tract (Figure 1).
Data were analysed from the endoscopy and pathology reports regarding whether these patients had tunnel biopsies, superficial conventional biopsies, endoscopic ultrasound with fine-needle aspiration or fine needle biopsy or surgical resection with histology. Medical records were reviewed for clinical events after the gastroscopy with biopsy such as readmission, haematemesis, melaena or significant drop in haemoglobin (> 2 g/L).
Histology and cytology reports were retrieved from the patient files and electronic patient records.

Intensified tunnel biopsy bite-on-bite technique
In this study, tunnel biopsy according to the intensified protocol is defined as taking at least 10 passes of double biopsies from the identical spot targeting the subepithelial lesion using conventional sized biopsy forceps (Radial JawTM 4, large capacity with needle, Single-Use Biopsy Forceps., Boston Scientific, ElCoyol, Costa Rica). After creating a defect in the mucosa with the first biopsies, the closed biopsy forceps is then advanced into the submucosal space and only opened there to obtain deeper sampling. Each bite is directed in the same direction as the previous to reach deeper layers within the lesion (Figure 2). If there is persisting bleeding from the biopsy tunnel after obtaining the biopsy samples the mucosal defect is closed by clip application.
The observational retrospective nature of the study was established with the Health Research Authority and Trust RD department.  According to the Health Research Authority, this type of study does not require approval from a research ethics committee. The study was therefore registered locally in accordance with Trust clinical governance guidelines; the study follows the principles of the declaration of Helsinki. 

Statistical analysis
All authors had access to the study data and have reviewed and approved the final manuscript.
For quantitative data, mean, standard deviation and range are presented or median and interquartile range. Qualitative data are expressed in absolute and relative frequencies with 95% confidence intervals. Microsoft Excel (Microsoft Cooperation, Redmond, WA, United States) was used for data handling, MedCalc 11.2.1.0 (MedCalc Software, Ostend, Belgium) for data analysis. Differences between groups were compared using the two-tailed Fisher’s exact test. A P-value < 0.05 was considered significant.

RESULTS
Two hundred and fifty-three patients were found to have at least one subepithelial lesion at oesophagogastroduodenoscopy (OGD) or endoscopic ultrasound EUS. 
Ten patients with obvious extrinsic compression by an extramural mass or cyst on CT/MR/EUS mimicking a subepithelial mass were excluded. In six patients > 85 years and severe comorbidities the reported subepithelial mass was considered not relevant and therefore not biopsied at the time of endoscopy and not followed. 8 patients with bleeding complications from gastric tumours in keeping with GIST were directly referred for surgical resection.
The mean age of the 229 patients included was 64 ± 15 years (interquartile range 54-75 years). 123 (53.7%) were female. The mean size of the subepithelial lesion was 18 ± 16 mm (interquartile range 8-25 mm). Thirty subepithelial masses were located in the oesophagus, 30 in the gastric fundus, 50 in the gastric body, 81 in the antrum, 8 in the duodenal bulb and 30 in the extrabulbar duodenum.
Superficial conventional biopsies were taken in 117 patients and were diagnostic revealing lipoma in one patient (0.9 %). 
Tunnel biopsies according to the intensified protocol with at least 10 double biopsy passes were taken in 112 of 229 patients (48.9%) and could provide conclusive histology from the subepithelial lesion in 60/112 (53.6%; 95% confidence interval 43.9%- 63.0%). Two patients underwent tunnel biopsies twice, i.e. 114 histological samples from tunnel biopsies were obtained. 
Tunnel biopsies were taken from subepithelial lesions of the oesophagus (n = 19), fundus (n = 16), gastric body (n = 24), antrum (n = 39), and duodenum (n = 14). Tunnel biopsies were diagnostic in 60/112 (53.6%), revealing 22 Leiomyomas, 1 Leiomyosarcoma, 13 Lipomas, 4 pancreatic rests, 13 GISTs. 1 fibrotic nodule, 1 Lymphangioma, 3 neuroendocrine tumour and 2 duplication cysts (Table 1). 
For subepithelial lesions measuring more than 10 mm in diameter (67 Lesions), the diagnostic yield of tunnel biopsies further increased to 41/67 (61.2 %; 95% confidence interval 48.5%-72.9%); while smaller lesions ≤ 10 mm had successful diagnostic tunnel biopsies allowing characterising histology in 19/45 (42.2 %; 95% confidence interval 27.7%- 57.8%; P = 0.05).
Immediate or delayed complications after biopsies were not observed after conventional or after tunnel biopsies. In 22 patients, clip application was performed for prolonged bleeding from the biopsy tunnel or to prevent delayed haemorrhage. 
Tunnel biopsies had a significantly higher diagnostic yield compared to conventional biopsies (P < 0.0001), however, this bite-on-bite sampling technique was routinely utilised for diagnostic characterisation of subepithelial lesions by only 8 endoscopists (15.7%), while all other 51 endoscopists in this study used conventional biopsy techniques. 
One hundred and six patients also underwent endoscopic ultrasound for further characterisation of the submucosal lesion. In 43 patients EUS-guided fine needle aspiration or fine needle biopsy was performed which was diagnostic in 28/43 (65.1 %; 95% confidence interval 49.1%-79.0%). 
The additional time to take 10 paired tunnel biopsies had been measured in 20 patients and ranged between 3 and 5 min (mean 4 min and 4 s). 

DISCUSSION
The diagnostic approach to small subepithelial masses in the upper gastrointestinal tract varies widely between endoscopists. Subepithelial lesions in the upper gastrointestinal tract are often referred for EUS for further characterisation and tissue acquisition. However, EUS is a time consuming, resource-intense procedure, often offered only in specialised centres. The needle for fine needle aspiration or biopsy amounts to substantial additional costs. Furthermore, the diagnostic yield of EUS with fine needle aspiration or biopsy allowing a definitive final diagnosis can also be disappointingly low (45-75%)[4-7], mainly in small lesions. Fine needle aspiration samples usually do not provide sufficient core tissue for immunostaining. Introduction of new fine needle biopsy needles increase the diagnostic yield for tissue cores suitable for histology, immunostaining and sequencing[8]. 
On the other hand, the risk of progression in incidental small subepithelial tumours in the upper gastrointestinal tract is low[9] and serial follow-up endoscopies might be sufficient. The European Society of Gastrointestinal Endoscopy (ESGE) discourages the use of EUS for lesions < 2 cm and recommends endoscopic follow-up in small subepithelial lesions[10].
Obtaining histology from tunnel biopsies during the initial endoscopy, when the subepithelial mass is detected, can shorten the patient’s pathway and obviate the need for EUS examination or endoscopic follow-up. If histology clearly identifies the aetiology and confirms benign disease of the subepithelial mass, e.g., a pancreatic rest, leiomyoma or lipoma, further EUS or endoscopy follow up can be avoided.
In our large study on subepithelial masses in the upper gastrointestinal tract, tunnel biopsies in an intensified bite-on-bite technique with at least 10 double biopsies directed to the same spot had a significantly higher diagnostic yield (53.6%) compared to conventional biopsy techniques (0.9 %; P < 0.0001). 
The diagnostic success rate by bite-on-bite tunnel biopsy technique has already been reported by Buscaglia et al[5] (58.9%) and Ji et al[11] (38%) but this endoscopic technique is generally underutilised as shown in our retrospective study; only 15 % of the endoscopists involved in our study routinely used bite-on-bite sampling technique to obtain histology samples from subepithelial masses. By simple means, perseverance and the correct tunnelling technique, tissue diagnosis can be achieved in about half of encountered subepithelial masses. Main principles of the technique is that a mucosal defect is created by the first biopsies; in subsequent biopsies the closed biopsy forceps is introduced through the mucosal defect into the submucosal space and then the branches are opened followed by a gentle pressure onto the forceps while the biopsy is taken and the branches are closed again. 
In contrast to the 34.9% bleeding rate reported in the study by Buscaglia et al[5] using Jumbo biopsy forceps, we did not observe post-procedural bleedings after tunnel biopsies taken with conventional biopsy forceps. This might be due to the fact that the strict tunnel technique with very targeted conventional biopsy forceps created a tract which could easily be closed by clips in case of prolonged bleeding which persisted during the time of the endoscopy. In 22 patients the mucosal defect was prophylactically closed using clips.
The intensified protocol with a higher number of double passes during the tunnel biopsies might increase the diagnostic outcome as it allows deeper penetration into the gastrointestinal wall. In a previous study with only four double passes the diagnostic yield was only 17%[12].
Other more aggressive endoscopic un-roofing techniques have been described to obtain tissue from subepithelial tumours. Forceps biopsies can be taken after un-roofing by needle knife incision[13], ligation-resection[14], snare resection[15] or endoscopic submucosal dissection[16,17]. We would suggest that such techniques that would require higher endoscopic interventional skills are reserved for cases in which simple tunnel biopsies have failed.
Tumours originating from the muscularis mucosae or submucosa are more likely to be accessible by the bite-on-bite technique, while exophytic growing tumours from the muscularis propria will unlikely be reached.
Limitations of our single centre, controlled study are its retrospective nature and the fact that subsequent EUS has been performed only in a fraction of patients. Therefore, we cannot exclude that the proportion of subepithelial lesions located in the submucosa or in deep muscular layers differed between the groups with conventional and tunnel biopsies. However, patients have not been selected for certain endoscopists or biopsy techniques. The clinical setting in this study matched the situation of the index endoscopy when a subepithelial mass is encountered during endoscopy. 
The bite-on-bite technique is simple and does not require any extra equipment as it is performed using the conventional forceps biopsy. The procedure time is increased only about 4 min by taking the additional biopsies.
The argument often encountered that tunnel biopsies might render later endoscopic or surgical treatment more difficult, could not be confirmed in our group of patients receiving resections as part of their clinical management.
In our study, simple tunnel biopsy technique provided the definitive diagnosis in about half of the cases, thereby avoiding EUS-FNA or more aggressive endoscopic techniques; follow-up endoscopies in those patients with subepithelial masses without malignant potential such as lipoma or pancreatic rests could be saved. Economical reasons as well as patient convenience favour attempting tissue acquisition at the first endoscopy.

CONCLUSION
Tunnel biopsy in bite-on-bite technique is a simple, safe and efficient diagnostic modality for tissue acquisition in subepithelial lesions of the upper gastrointestinal tract. This technique should be routinely attempted if a subepithelial lesion is detected at the index endoscopy as it prolongs the examination only for a few minutes and can often avoid the need for further EUS and fine needle aspiration/EUS biopsy or follow up endoscopies.

ARTICLE HIGHLIGHTS
Research background
Subepithelial tumours of the gastrointestinal tract can be benign, pre-malignant or malignant. Most small tumours are benign. Lipoma, leiomyoma, pancreatic rests or duplications cyst will usually not need further follow-up. Gastrointestinal stromal tumours or neuroendocrine tumours will require resection or surveillance. Metastasis to the gastrointestinal wall can rarely also present as subepithelial lesion.

Research motivation
Histology acquisition from subepithelial tumours is challenging as conventional endoscopic biopsies do usually not reach deeper than the mucosal layer. Subepithelial tumours often present a diagnostic dilemma.

Research objectives
The authors investigated the use, the safety and the diagnostic success of performing tunnel biopsies from subepithelial tumours to obtain histology.

Research methods
Tunnel biopsy was defined as repeating at least 10 double pass biopsies targeting the identical spot on the subepithelial mass with conventional biopsy forceps. All patients with subepithelial tumours reported at oesophagogastroduodenoscopy presenting within the 6 year study period were included and data were analysed regarding size and location of the tumour, histology, radiological findings, re-admissions and adverse events.

Research results
Only in about half of the 229 encountered subepithelial tumours tunnel biopsies were attempted. However, when tunnel biopsies were performed, they were diagnostic in 53.6%. Adverse events were not observed.

Research conclusions
Performing tunnel biopsies from subepithelial tumours during endoscopy prolongs the procedure only a few minutes but can save endoscopic ultrasound-guided sampling or the need for follow-up in about 50%.

Research perspectives
Further randomized studies with cost-analysis should assess the diagnostic yield of tunnel biopsies performed at the index endoscopy compared with endoscopic ultrasound-guided sampling.
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Figure 1 Patient flow chart.
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Figure 2 Histology confirmed a lipoma. Tunnel biopsy in a small, sub-centimetre sized prepyloric subepithelial lesion (A) revealed a yellowish mass (B) that popped out after de-roofing the overlaying mucosa by repeated tunnel biopsy (C). It could be completely extracted by forceps biopsy (D) and the mucosal defect was closed using clips (E). 




Table 1 Diagnostic yield and histological findings after tunnel biopsies of subepithelial masses in oesophagus, stomach and duodenum
	Histology
	Oesophagus

(n = 19)
	Stomach
proximal
(n = 40)
	Stomach
distal
(n = 39)
	Duodenum

(n = 14)
	Total

(n = 112)

	Lipoma
	0
	0
	8
	5
	13

	Leiomyoma
	12
	8
	2
	0
	22

	Leiomyosarcoma
	0
	1
	0
	0
	1

	Pancreatic rest
	0
	0
	3
	1
	4

	GIST
	1
	10
	1
	1
	13

	Metastasis
	0
	0
	0
	0
	0

	Duplication cyst
	2
	0
	0
	0
	2

	Neuroendocrine tumour
	0
	0
	0
	3
	3

	Fibrotic nodule
	0
	1
	0
	0
	1

	Lymphangioma
	0
	0
	0
	1
	1

	Non-diagnostic
	4 
	20
	25
	3
	52

	Diagnostic yield
	15/19
(80.0%)
	20/40
(50.0%)
	14/39
(35.9%)
	11/14
(78.6%)
	60/112
(53.6%)


GIST: Gastrointestinal stromal tumour.
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