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Abstract
AIM: To assess the sampling quality of four different forceps (three large capacity and one jumbo) in patients with Barrett esophagus (BE).
METHODS: This was a prospective, single-blind study. A total of 37 patients with BE were enrolled. Targeted or random biopsies with all four forceps were obtained from each patient using a diagnostic endoscope during a single endoscopy. The following forceps were tested: A: FB-220K disposable large capacity; B: BI01-D3-23 reusable large capacity; C: GBF-02-23-180 disposable large capacity; and D: disposable Radial Jaw 4 jumbo. Main outcome measurement was specimen adequacy defined as a well oriented biopsy sample 2 mm or greater with the presence of muscularis mucosa.
RESULTS: A total of 436 biopsy samples were analyzed. We found a significantly higher proportion of adequate biopsy samples with jumbo forceps (forceps A: 26%, forceps B: 17%, forceps C: 18%, forceps D (jumbo): 71%; p < 0.001 for D vs other forceps). Biopsies with jumbo forceps (D) had the largest diameter (median 2.4 mm vs 2 mm (forceps A), 1.6 mm (forceps B) and 2 mm (forceps C); p < 0.001 for D vs other forceps). There was a trend for higher diagnostic yield per biopsy with jumbo forceps (0.28–forceps D vs 0.2–forceps A, 0.22–forceps B and 0.27–forceps C; p > 0.05). No complications related to specimen sampling were observed with none of the four tested forceps.
CONCLUSION: Jumbo biopsy forceps, when used with a diagnostic endoscope, provides more adequate specimen as compared to large capacity forceps in patients with BE.
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Core tip: Good quality biopsy specimen is required for reliable diagnosis of early neoplasia in patients with Barrett´s esophagus. It remains controversial whether the use of jumbo forceps provides an advantage over large capacity forceps. We compared four biopsy forceps with regard to their sampling quality. Biopsies were obtained using a diagnostic endoscope during a single endoscopy. We found a significantly higher proportion of adequate biopsy samples with jumbo forceps as compared to the three large capacity forceps. Thus, jumbo biopsy forceps, when used with a diagnostic endoscope, provides more adequate specimen as compared to large capacity forceps. 
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Introduction
Barrett´s esophagus (BE) is a precancerous lesion, and the patients with BE should be included in the surveillance program, involving regular endoscopic examinations with biopsies. The aim of such surveillance is an early detection of intraepithelial neoplasia (IEN) or cancer[1]. If detected early, IEN or esophageal adenocarcinoma (EAC) can completely be cured using endoscopic methods such as endoscopic resection and ablation. For patients with BE without IEN, a surveillance endoscopy with four-quadrant biopsies at 2 cm intervals performed every three to five years is commonly recommended, although not evidence based[2]. Despite the promising results of advanced imaging modalities with targeted biopsies[3], traditional protocol with random biopsies is presently considered as the gold standard for BE surveillance[4]. 

For biopsy, the choice of forceps has traditionally been among standard, large capacity or jumbo forceps. While the standard and large capacity forceps are used with a standard diagnostic endoscope, the jumbo forceps are recommended to be used with a therapeutic endoscope with bigger (3.2 mm) channel. The new Radial Jaw 4 (RJ4) jumbo forceps have been, however, successfully tested with standard diagnostic endoscope[5-7]. 
Most of the studies found jumbo forceps superior to standard or large capacity forceps in terms of specimen quality, adequacy or diagnostic yield[5,6,8-10]. A recent study challenged the requirement for jumbo forceps over large-capacity forceps in patients with BE[11]. The authors found similar rates of adequate specimen with the large-capacity forceps (used with a diagnostic endoscope) when compared with the jumbo forceps (used with a therapeutic endoscope). The insufficient quality of biopsy specimen collected by jumbo forceps used with a therapeutic endoscope can be explained on the basis of the fact that maneuvering and taking biopsies in esophagus with a bigger therapeutic endoscope are more difficult as compared to a standard endoscope. 

Here we present a study comparing the performances of three types of large capacity forceps and one type of jumbo forceps (all forceps were used with a diagnostic endoscope) in terms of quality of biopsy specimen in patients with BE. We hypothesized that the use of jumbo forceps with diagnostic endoscope provides more adequate specimens compared to large capacity forceps.
MATERIALS AND METHODS

The study was begun in January 2012 at the University Military Hospital in Prague, but later completed in Institute of Clinical and Experimental Medicine in Prague, where the principal investigator has moved in November 2012. The study was continued till March 2013. The study was approved by the institutional review boards of both institutions. Neither financial support nor any free devices were received from industry.  

Study design

This was a prospective clinical trial. Two experienced physicians performed all endoscopic examinations. They were not blinded, because the four types of forceps are visually different; however, the two pathologists, who evaluated the histological specimens, were blinded about the type of forceps used. For collecting biopsy specimen, all the four tested forceps were used in a random order in each patient (the order of the four tested forceps was provided in a sealed opaque envelope for each patient before starting the endoscopy). 
Patients

All consecutive patients examined in our department during the study period, with endoscopic finding of BE with a metaplastic segment longer than 2 cm, were invited to participate. Although total 51 patients matching the inclusion criteria were invited, 37 patients were finally enrolled for the study. All the participants signed an informed written consent. Exclusion criteria include inability to give informed consent, prominent or depressed macroscopically visible lesion (exception being the patients with flat lesions of type 0-IIb), an upper GI endoscopy with biopsies two months prior enrolment, esophagitis, previous diagnosis of esophageal carcinoma, previous endoscopic resection or ablation therapy, participation in another clinical trial, esophageal varices, and treatment with anticoagulants (the use of antiplatelet agents was permitted).

Type of Biopsy forceps

Following are the four different types of forceps (with spike) used for this study: A: FB-220K large capacity disposable biopsy forceps (Olympus Medical Co., Tokyo, Japan) with an outer diameter of 2.45 mm; B: BI01-D3-23 large capacity reusable biopsy forceps (Medwork, GmbH, Höchstadt/Aisch, Germany) with an outer diameter of 2.3 mm; C: GBF-02-23-180 large capacity disposable biopsy forceps (Medi-Globe GmbH, Rosenheim, Germany) with an outer diameter of 2.3 mm; and D: RJ4 disposable jumbo biopsy forceps (Boston Scientific, Natick, Mass, United States) with an outer diameter of 2.84 mm. The RJ4 jumbo forceps can safely be used with a standard diagnostic endoscope (Figure 1).

Upper GI endoscopy and biopsy protocol 
All endoscopies were performed using a diagnostic endoscope (Olympus 260 FZ, Tokyo, Japan). An intravenous sedation with midazolam (3-5 mg) was administered if judged necessary. BE was classified using the Prague C and M criteria. For reliable detection of suspect areas or visible lesions, the whole esophagus was first flushed by water, followed by the careful examination with tri-modal imaging (autofluorescence, narrow-band imaging, high resolution endoscopy). 
According to the length of the Barrett segment, the total number of biopsies was estimated and consequently, the approximate number of biopsies to be taken with each forceps was determined. For example, in a patient with BE C6M6, the total estimated number of biopsies was 16 (four biopsies at 0 cm, 2 cm, 4 cm and 6 cm). Therefore, 4 biopsies should be taken by each of the tested forceps. Then the first set of 4 biopsies was taken with one forceps followed by a second set of 4 biopsies taken with another forceps etc.  
In patients with a visible lesion (type 0-IIb) or mucosal irregularities, the targeted biopsies only were taken into separate containers. In patients without targeted biopsies, standard random four-quadrant biopsy samples according to the Seattle protocol were obtained for every 2 cm for the entire length of BE. Biopsies were started at the gastroesophageal (GE) junction and then continued proximally. Thus, we performed part of the Seattle protocol with each forceps in turn. 

The specimens were collected in separate containers according to the type of forceps (every container contained specimen taken by only one type of forceps) and the level of esophagus. 

The biopsies were taken using “turn and suck” technique. After the esophageal mucosa was positioned in front of the endoscope, the forceps were opened, and the suction was applied. Thereafter, the forceps were closed, suction was revealed, and after the visual control, specimens were finally taken one at a time. The biopsy tissues were formalin-fixed and processed for paraffin embedding. Specimens were not mounted before immersion fixation. Five-micron tissue sections were cut and stained with hematoxylin and eosin for histopathologic evaluation. 

Pathologic assessment

Two expert pathologists independently evaluated each sample and settled all discrepancies by consensus. For each biopsy specimen, the following data were collected: size including the largest diameter, deepest tissue layer present, and quality of specimen orientation. Good orientation was defined as having two or more tissue layers with correct depth order in linear fashion. The histopathological diagnosis of each specimen was recorded along with the presence or the absence of intestinal metaplasia. Additionally, we also recorded the overall diagnosis for each patient based on the highest degree of intraepithelial neoplasia. 
Study outcomes 

We used the same definition of the primary outcome as was used by Gonzales et al[11], and the authors defined the primary outcome as the specimen adequacy for histologic assessment; an adequate biopsy sample was defined a priory as a well-oriented specimen of 2 mm or greater diameter with at least the presence of muscularis mucosa. Secondary outcomes included detection of intestinal metaplasia and/or intraepithelial neoplasia (diagnostic yield) and adverse events. 

Statistical analysis

Data are presented as mean with standard deviation or median with ranges or appropriate percentiles. The four forceps were compared by performing the overall Fisher’s exact tests for categorical data, analysis of variance for normally distributed data, and Kruskal-Wallis tests for non-normally distributed data. Normality was assessed by the Skewness-Kurtosis test. If the overall testing showed a significant difference among groups (p < 0.05), then pair-wise comparisons between groups were performed by using the Fisher’s exact test and Wilcoxon rank-sum test with Bonferroni correction for multiple comparisons (n = 6, statistical significance for pair-wise comparisons was defined as p < 0.008). Overall diagnostic yield (per biopsy analysis) was calculated as the number of biopsy samples with IEN divided by the total number of biopsy specimen obtained with the respective forceps. 
In this study, at least 90 biopsies were taken by each forceps for detecting 15% difference between any two forceps in main outcome parameter (specimen adequacy) with study power of 80% and overall significance level of p < 0.05. 
Results
Patients and endoscopy
A total of 37 patients with a median age of 61 years (range: 27–72 years, male: 31, female: 6) were enrolled in the study. The median length of BE segment was 6 cm (range: 2–12 cm). All endoscopies were performed as outpatient procedure without adverse events such as bleeding or perforations and the patients did not experience any delayed complications such as bleeding. All minor bleedings after biopsies resolved spontaneously. Patients did not complain any pain or increased discomfort during or after the procedure. 

Both endoscopists did not face any problem to get through the diagnostic channel with the jumbo RJ4 forceps; there was enough space around the forceps (Figure 1). One issue, we found while taking the biopsies with jumbo forceps, was often the resulting large mucosal defects created in the esophagus even though clinically the patients did not come to harm (Figure 2).

Quality of biopsy specimen
Table 1 together with a Figure 3 present the summary of the principal results. A total of 436 biopsies were taken, this represents on average 11.8 biopsies per patient (range: 4-25).

More than two thirds of biopsies, taken with jumbo forceps, were adequate (71%); this was significantly more compared to the large capacity forceps (forceps A-26%, forceps B–17%, forceps C–18%). Muscularis mucosae was present in 80% of the samples obtained by jumbo forceps. We obtained significantly bigger specimen using the jumbo forceps (2.4 mm) compared to the large capacity forceps (forceps A-2 mm, forceps B–1.6 mm, forceps C-2 mm). Specimens taken with jumbo forceps and large capacity forceps (A and C) were well-oriented in 60%-70% of samples, while 66% of specimens obtained with forceps B were not well-oriented. Figure 4 presents the photomicrographs of adequate and inadequate biopsy samples.
Detection of intestinal metaplasia, intraepithelial neoplasia and diagnostic yield 

Intestinal metaplasia (IM) was detected in all patients, but not in all biopsy specimens (89% of biopsy samples contained IM). Thirteen patients (35%) had BE without IEN, while low grade IEN was detected in twenty patients (54%) and high grade IEN was detected in four patients (11%). Despite the trend for a higher diagnostic yield with jumbo forceps, we did not find any significant differences in detecting IM or IEN among the four studies forceps (Table 2). 
Discussion
In this study, we obtained a significantly higher proportion of adequate biopsy samples with jumbo RJ4 forceps as compared to the biopsy specimens obtained with the other three large capacity forceps. Bigger specimens containing muscularis mucosae (in 80% of samples) were obtained using the jumbo forceps; among the collected specimens, 77% were well-oriented. We chose a percentage of adequate specimens defined a priory as the main outcome parameter. Some research[5-7] also assessed the same endpoint in their study. They compared three types of biopsy forceps: standard, large capacity and jumbo (RJ4). Surprisingly, the authors found that standard or large capacity forceps produced adequate specimens in 38% and 32% of samples, respectively, which were significantly more than the samples collected with RJ4 jumbo forceps used with a therapeutic endoscope (25%). The specimens obtained with jumbo forceps had the largest diameter but the lowest proportion of well-oriented specimens (44%). 
Many other studies have reported that a jumbo forceps collects superior quality of biopsy specimens compared to a standard or large capacity forceps[5,6,8-10]. Jumbo forceps (RJ4) is superior than other types of forceps in terms of the followings factors: (1) in obtaining adequate surveillance biopsies in patients with inflammatory bowel disease[8]; (2) in obtaining accurate diagnosis of submucosal lesion[6]; (3) in removing small, sessile colorectal polyps[9]; and (4) in tissue acquisition in patients with BE[5,10]. In the study of Komanduri et al[5], RJ4 jumbo forceps provided 79% adequate samples and large capacity forceps collected 16% of adequate samples. 
Similar to our study, there have been two other studies[5,11] comparing the performance of RJ4 jumbo forceps with other forceps; however, different types of endoscope were used for biopsies with jumbo forceps. Like our study, Komanduri et al[5] studied the performance of RJ4 jumbo forceps with a standard diagnostic endoscope (channel 2.8 mm) and obtained 79% adequate samples. On the other hand, Gonzales et al[11] examined RJ4 jumbo forceps with a therapeutic endoscope with a larger channel (3.2 mm), but obtained only 25% adequate samples. Manipulation and maneuvering with a therapeutic endoscope in the esophagus is difficult compared to a standard endoscope. The “turn and suck technique” requires directing the tip of the endoscope against the esophageal wall in an appropriate angle; for a therapeutic endoscope such alignment is more problematic. This might explain the higher percentage of biopsy specimens with bad orientation (and consequently the low percentage of adequate samples) in Gonzales et al[11]’s study.
Jumbo forceps have traditionally been recommended for using with therapeutic endoscopes, and the original Seattle biopsy protocol was based on the use of a therapeutic endoscope and jumbo forceps[12]. However, similar to our study, there are two other reports where the authors also used RJ4 jumbo forceps successfully with a standard diagnostic endoscope[5-6] and we, like others, did not experience any difficulties in introducing the jumbo forceps through the smaller channel.
The main aim of the surveillance of patients with BE is the early detection of IEN or EAC, allowing less invasive endoscopic treatment. Although it is yet to demonstrate any benefit in a randomized control trial (RCT), endoscopic surveillance is recommended (a RCT is underway in the UK). Nevertheless, several studies have suggested that the patients with BE, who undergo surveillance, benefit from early-stage cancer diagnosis and improved survival[13-15]; however, no association was found between reduced risk of death from EAC and endoscopic surveillance[16].

The surveillance of patients with BE is still based on random four-quadrant biopsies every 1-2 cm with large-capacity forceps performed every 3-5 years[2]. Although the type of forceps undoubtedly influences specimen adequacy, a majority of available guidelines do not recommend any particular type of forceps to be used for surveillance biopsies[1,4,17]. The random biopsy protocol is time consuming, and an increasing length of BE segment decreases physician adherence to the protocol[18]. Therefore, multiple modern advanced imaging modalities (e.g., narrow band imaging) have been developed and tested to allow target biopsy strategy. Strategies that use these technologies have been shown to increase the diagnostic yield of BE neoplasia[3,19]. Despite these results, random biopsy protocol still remains the gold standard of care with patients with BE, and all recent guidelines recommend strict adherence to this protocol. 
The key question is whether more adequate biopsy specimen increases the detection of IEN. Komanduri et al[5] demonstrated the use of RJ4 jumbo forceps improved the detection of IEN. Gonzales et al[11] did not compare the diagnostic yields of three types of forceps (every patient underwent biopsy with only one type of forceps). Our study was not primarily designed to compare the diagnostic yield among the tested forceps. At present, there are no clear evidences to establish that improving specimen adequacy increases detection of IEN. 
Although not evidence based, more adequate specimen is likely to yield better diagnostic accuracy. Bigger-sized specimen provides a larger examined surface area, which might lead to an increased likelihood in detecting neoplastic changes. 

Specimen adequacy is also an important issue in patients undergoing post-radiofrequency ablation (RFA) surveillance. One study (with large capacity forceps) demonstrated insufficient specimen adequacy since a majority of samples did not contain subepithelial structures[20]. The second study (with jumbo forceps) found almost 80% of samples adequate to evaluate subsquamous buried glands[21]. These results also suggest a superiority of jumbo forceps in patients undergoing esophageal biopsy.
There have been concerns about the safety of using a jumbo forceps. A large proportion of patients (35%) experienced significant bleeding after biopsy with jumbo forceps for subepithelial lesions[6]. However, in patients with BE, neither severe bleeding nor other serious adverse events have been reported with jumbo forceps[5,11,12]. In our study, neither we experienced any significant bleeding after any biopsy nor any other adverse events. There is only one published case report of severe life-threatening bleeding following BE surveillance biopsies so far; the report did not mention the type of the forceps used[22].
The current study has several limitations. Firstly, we investigated specimen adequacy as a primary endpoint and diagnostic yield as a secondary outcome. 
Second, there was a selection bias: we detected a high proportion of patients with IEN (both low and high grade IEN; 65%). Our department is a referral center providing endoscopic treatment for patients with BE; hence, this explains higher percentage of patients with IEN as compared to other studies (19%[5], 40%[11], 49%[19]). In addition, the use of tri-modal endoscopy with targeted biopsies (in some patients) may also explain the higher frequency of IEN detection. However, the selection bias did not influence our primary endpoint in any way. Third, the endoscopists were not blinded with respect to forceps (all forceps are visually different). 
In summary, to obtain diagnostically adequate biopsy specimens in patients with BE, the jumbo biopsy forceps, when used with a standard diagnostic endoscope, showed superior performance compared to the other three studied large capacity forceps. 
comments
Background

Barrett´s esophagus (BE) is defined as the replacement of distal esophageal squamous mucosa with metaplastic columnar epithelium. Patients with BE have an increased risk of esophageal adenocarcinoma. Therefore, most guidelines recommend surveillance endoscopy every 2-5 years with targeted and random esophageal biopsies to detect early neoplastic lesions (intraepithelial neoplasia or early cancer). If detected early, esophageal neoplasia can be managed endoscopically.  
Research frontiers

Tissue sampling in patients with BE should be performed by using jumbo or large capacity biopsy forceps. A majority studies found an advantage of jumbo forceps compared to large capacity or standard forceps with regard to specimen adequacy. However, the advantage of jumbo forceps has recently been challenged especially due to bad orientation of specimen. Therefore, we tested the hypothesis that jumbo RJ4 forceps, if used with a standard diagnostic endoscope, provides more adequate specimen compared to large capacity forceps.  
Innovations and breakthroughs

We found that jumbo RJ4 forceps achieved adequate specimen in 71% of samples. On the other hand, three types of large capacity forceps achieved adequate specimen in only 17%-26% of samples. There was a trend for higher diagnostic yield with jumbo forceps. 
Applications 

Based on our findings, we recommend the use of RJ4 jumbo forceps for surveillance endoscopy in patients with BE. Further studies should investigate whether better specimen adequacy implies improved detection of intraepithelial neoplasia. 
Terminology
Specimen adequacy was defined as a well oriented biopsy sample 2 mm or greater with the presence of muscularis mucosa.
Peer-review
The authors compared 4 different forceps for retrieving biopsies from patients with BE. The study appears to be well designed and conducted, and the article is clearly presented. 
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Table 1 Principal results of the study n (%)
	
	Total
	Forceps a
	Forceps b

	Forceps c

	Forceps d (jumbo)

	P-value

	No. of Biopsies
	436
	121
	115
	108
	92
	na

	Adequate specimen
	136 (31)
	32 (26)
	20 (17)
	19 (18)
	65 (71)
	p < 0.001 D vs other

	Size (mm) (median)
	2
	2
	1.6
	2
	2.4
	p < 0.0001 D vs other; p < 0.003 B vs C

	M. mucosae Present
	205 (47)
	54 (45)
	26 (23)
	51 (47)
	74 (80)
	p < 0.0001 D vs other; p < 0.005 A and C vs B

	Good orientation


	269 (62)
	74 (61)
	51 (44)
	73 (66)
	71 (77)
	p < 0.0001 D vs B, p < 0.01 A vs B and C vs B


M. mucosae: muscularis mucosae; NA: Not available.
Table 2 Detection of intestinal metaplasia and intraepithelial neoplasia n (%)
	
	Total
	Forceps a (olympus)
	Forceps b
(medwork)
	Forceps c
(mediglobe)
	Forceps d (jumbo)
(boston)

	No. of specimens
	436
	121
	115
	108
	92

	Intestinal metaplasia 
	386

(89)
	103

(85)
	99

(86)
	98

(91)
	86

(93)

	No IEN
	332

(76)
	97

(80)
	90

(78)
	79

(73)
	66

(72)

	LGIN 

	91

(21)
	22

(18)
	22

(19)
	26

(24)
	21

(23)

	HGIN 

	13

(3)
	2

(2)
	3

(3)
	3

(3)
	5

(5)

	Diagnostic yield (per biopsy) 
	0.24
	0.20
	0.22
	0.27
	0.28


No significant differences among forceps despite the trend for a higher, detection of intestinal metaplasia and a higher diagnostic yield with jumbo forceps. IEN: Intraepithelial neoplasia; LGIN: Low grade intraepithelial neoplasia; HGIN: High grade intraepithelial neoplasia. 
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Figure 1 Easy passage of jumbo RJ4 forceps through a 2.8 mm channel.
[image: image2.png]



Figure 2 Esophageal biopsy with RJ4 jumbo forceps and quite a large defect after the biopsy, without bleeding.
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Figure 3 Box whisker plot showing that the specimen with jumbo forceps (D) was bigger compared to large capacity forceps (forceps A-C).
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Figure 4 Examples of an adequate, well-oriented specimen (left) and of an inadequate specimen due to the bad orientation (right).
