[bookmark: OLE_LINK718][bookmark: OLE_LINK719][bookmark: OLE_LINK645][bookmark: OLE_LINK661][bookmark: OLE_LINK696]Name of journal: World Journal of Gastroenterology
ESPS Manuscript NO: 15636
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Columns: ORIGINAL ARTICLE

[bookmark: OLE_LINK1304][bookmark: OLE_LINK1305]Randomized Controlled Trial
[bookmark: OLE_LINK2][bookmark: OLE_LINK7]Intraprocedural bowel cleansing with the JetPrep cleansing system improves adenoma detection

[bookmark: OLE_LINK414][bookmark: OLE_LINK419][bookmark: OLE_LINK593][bookmark: OLE_LINK1045][bookmark: OLE_LINK527][bookmark: OLE_LINK626][bookmark: OLE_LINK698][bookmark: OLE_LINK741][bookmark: OLE_LINK1014][bookmark: OLE_LINK1177][bookmark: OLE_LINK1349][bookmark: OLE_LINK278][bookmark: OLE_LINK1405][bookmark: OLE_LINK1789][bookmark: OLE_LINK1875][bookmark: OLE_LINK1950][bookmark: OLE_LINK1989][bookmark: OLE_LINK1990][bookmark: OLE_LINK2077][bookmark: OLE_LINK2232][bookmark: OLE_LINK893][bookmark: OLE_LINK256][bookmark: OLE_LINK380][bookmark: OLE_LINK1232]Hoffman A et al. Intraprocedural bowel cleansing improves adenoma detection

[bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK259][bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK8]Arthur Hoffman, Sanjay Murthy, Lena Pompetzki, Johannes Wilhelm Rey, Martin Goetz, Achim Tresch, Peter Robert Galle, Ralf Kiesslich

Arthur Hoffman, Wilhelm Rey, Martin Goetz, Ralf Kiesslich, First Department of Medicine, Johannes Gutenberg University of Mainz, 65199 Wiesbaden, Germany

Arthur Hoffman, Wilhelm Rey, Department of Internal Medicine II, HSK Hospital, Teaching Hospital of the University Medicine of Mainz, 55131 Mainz, Germany 

[bookmark: OLE_LINK230][bookmark: OLE_LINK231]Sanjay Murthy, Department of Medicine, Mount Sinai Hospital and University of Toronto, ON M5G 1X5, Canada 

[bookmark: OLE_LINK219][bookmark: OLE_LINK220]Lena Pompetzki, Department of Urology, Health and Care Center Ruesselsheim, 65428 Ruesselsheim, Germany 

[bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK223][bookmark: OLE_LINK224]Martin Goetz, First Department of Medicine, University of Tuebingen, 72076 Tuebingen, Germany

Achim Tresch, Max Planck Institute, 50931 Cologne, Germany

Author contributions: Hoffman A performed the research, study conception and design, manuscript writing, contributed to data analysis, interpretation, provision of study material and patients; Murthy S performed research, collection and/or assembly of data; Pompetzki L analyzed data, collection and/or assembly of data; Tresch A and Rey JW analyzed data and data interpretation; Goetz M analyzed data; Galle PR and Kiesslich R performed research, gave administrative support.

[bookmark: OLE_LINK1354][bookmark: OLE_LINK1355]Ethics approval: The study was reviewed and approved by the Ethical Review Committee of the University of Mainz. 
 
Informed consent: All study participants, or their legal guardian, provided informed written consent prior to study enrollment. 

Conflict-of-interest: The authors declare no conflict of interest.  

Data sharing: Technical appendix, statistical code, and dataset available from the corresponding author at ahoff66286@aol.com.

[bookmark: OLE_LINK479][bookmark: OLE_LINK496][bookmark: OLE_LINK507][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK212][bookmark: OLE_LINK213][bookmark: OLE_LINK206][bookmark: OLE_LINK207][bookmark: OLE_LINK210][bookmark: OLE_LINK211]Correspondence to: Arthur Hoffman, MD, PhD, Department of Internal Medicine II, HSK Hospital, Teaching Hospital of the University Medicine of Mainz, 65199 Wiesbaden, Germany. ahoff66286@aol.com 
Telephone: +49-15111628399		
Fax: +49-611432418
Received: December 1, 2014
Peer-review started: December 1, 2014
First decision: February 10, 2015
Revised: March 18, 2015
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK104]Accepted: April 3, 2015
  
Article in press:
Published online: 

Abstract
AIM: To investigate the impact of JetPrep on adenoma detection rates.

METHODS: In this prospective, randomized, crossover trial, patients were blindly randomized to the intervention arm or the control arm of the study. In accordance with the risk profile for the development of colorectal carcinoma, the study participants were divided into high-risk and low-risk Groups. Individuals with just one criterion (age > 70 years, adenoma in medical history, first-degree relative with colorectal cancer) were regarded as high-risk patients. Bowel preparation was performed in a standardized manner one day before the procedure. Participants in the intervention arm underwent an initial colonoscopy with standard bowel cleansing using a 250-mL syringe followed by a second colonoscopy that included irrigation by the use of the JetPrep cleansing system. The reverse sequence was used in the control arm. The study participants were divided into a high-risk and a low-risk Group according to their respective risk profiles for the development of colorectal carcinoma.

RESULTS: A total of 64 patients (34 men and 30 women) were included in the study; 22 were included in the high-risk Group. After randomization, 30 patients were assigned to the control Group (Group A) and 34 to the intervention Group (Group B). The average Boston Bowel Preparation Scale score was 5.15 ± 2.04. The withdrawal time needed for the first step was significantly longer in Group A using the JetPrep system (9.41 ± 3.34 min) compared to Group B (7.5 ± 1.92 min). A total of 163 polyps were discovered in 64 study participants, which included both investigation steps. In Group A, 49.4% of the polyps were detected during the step of standard bowel cleansing while the miss rate constituted 50.7%. Group B underwent cleansing with the JetPrep system during the first examination step, and as many as 73.9% of polyps were identified during this step. Thus, the miss rate in Group B was a mere 26.1% (P value < 0.001). When considering only the right side of the colon, the miss rate in Group A during the first examination was 60.6%, in contrast to a miss rate of 26.4% in Group B (P < 0.001). 

CONCLUSION: JetPrep is recommended for use during colonoscopy because a better prepared bowel enables a better adenoma detection, particularly in the proximal colon (P < 0.001). 
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INTRODUCTION
Colonoscopy is considered to be the gold standard for colon cancer screening and the removal of precancerous lesions of the colon. However, colonoscopy appears to be less effective at preventing disease (and therefore preventing mortality) when used to examine right-sided colonic lesions versus those that develop on the left side[1-3]. Even in cases in which the bowel was properly prepared by the patient prior to colonoscopy, stool remnants and mucus residues can hinder visibility during the procedure. This reduced visibility may result in premalignant or malignant lesions being overlooked during screening colonoscopy and might therefore increase the risk of interval cancers, as it has been shown that better visibility during the procedure (as a result of optimal preparation of the colon) increases the likelihood of discovering precancerous lesions in the colon[1-3]. This may further reduce the incidence of colon cancer and the mortality associated with it. However, despite that there are numerous available options for bowel cleansing and laxative regimens, suboptimal colonic preparation is observed in approximately 20% of all patients[4-8]. 
Suboptimal bowel preparation leads to reduced cecal intubation rates, longer examination times, and lower polyp detection rates[4-8].
Furthermore, only a few endoscopic options exist that can improve bowel cleansing during colonoscopy. One such example is the irrigation of the bowel using either a water-filled syringe or a peristaltic pump placed through the working channel of the endoscope; unfortunately, this method rarely results in adequate improvements to visibility. 
Many novel techniques have been proposed to improve the visualization of the proximal aspects of colonic folds and flexures, with the collective goal of increasing the rate of adenoma detection. However, the majority of these techniques still require further evaluation before being translated into a clinical setting[9,10]. 
Targeted irrigation of the colon by the use of cleansing systems may serve as one important alternative that can enhance adenoma detection rates and improve the overall quality of colonoscopy.
The JetPrep system (MedJet Ltd. Tel Aviv, Israel) is a newly introduced irrigation system designed for intraprocedural colon cleansing. The JetPrep operates in a similar manner to a showerhead and can be introduced into the colon through the working channel of an endoscope. 
Earlier studies have demonstrated significant benefits associated with using JetPrep cleansing compared to standard cleansing (e.g., fixing a 50-mL syringe on the working channel).
Therefore, the aim of the current randomized, prospective study was to investigate the impact of JetPrep cleansing on the detection rates of adenomas and serrated lesions, particularly on the right side of the colon[11-13]. 

[bookmark: OLE_LINK337][bookmark: OLE_LINK338]MATERIALS AND METHODS
The JetPrep device (MedJet Ltd. Tel Aviv, Israel) is a CE-certified [39000162CN], sterile, disposable, catheter-based product. It is introduced into the colon through the working channel (3.8 mm) of an endoscope to cleanse the mucosal surface during colonoscopy. To ensure simultaneous suctioning of fluid and stool while the JetPrep device is in the working channel, the spray nozzle at the tip of the device can be pushed out of the working channel by 1-2 cm with a single movement of the hand. This prevents blockage of the working channel. The spray nozzle itself is made of silicone, which minimizes the risk of traumatic injury to the colonic mucosa (Figure 1). 
Sterile saline can be introduced into the bowel through the spray nozzle of the device using a commercially available pump. This allows the mucosa to be irrigated with a broad spray of liquid rather than a narrow stream and facilitates the cleaning of the margins of the field of vision (Figure 1).  
In preliminary feasibility studies, the JetPrep system proved to be an effective and safe method for cleansing the bowel, although the withdrawal time of the system (11.4 min) reflects that the cleansing of a suboptimally prepared colon can be time consuming[14,15].

Methods
We performed standard high-definition colonoscopies to investigate the efficacy of the JetPrep cleansing system (intervention arm) for improving the detection of adenomas and serrated lesions in the colon compared to standard cleansing procedures that use a 250-mL syringe attached to the working channel of the endoscope (control arm).
This study was approved by the Ethics Committee of the Medical University of Mainz. Our subjects included a cohort of 50-year-old patients who were referred for either screening or surveillance colonoscopy (after previous polypectomy) at the interdisciplinary endoscopy department of the University Hospital. All patients gave consent to participate in the study. Table 1 lists the inclusion and exclusion criteria. Bowel preparation was performed in a standardized manner before the procedure via a Moviprep® (polyethylene glycol solution, Norgine, Netherland) regimen that consisted of either the consumption of 1 liter of Moviprep® during the evening before the investigation and another liter in the morning before the investigation or of 2 litres during the evening before the investigation. In the latter case, each liter of Moviprep® had to be taken within the same 1 to 2 h span and the drinking of an additional liter of any clear liquid was required at this time.
The study participants were divided into a high-risk and a low-risk Group in accordance with the risk profile for the development of colorectal carcinoma. Individuals with just one criterion (age > 70 years, adenoma in medical history, first-degree relative with colorectal cancer) were regarded as high-risk patients. Patients were blindly randomized into either the intervention arm or the control arm of the study. The Group that the patient was classified into was announced only after reaching the cecum.
The patients in Group A underwent an initial colonoscopy that included standard intraprocedural bowel cleansing (250 mL syringe), which was immediately followed by a second colonoscopy (in a standardized crossover fashion) that included irrigation by the use of the JetPrep cleansing system. The reverse sequence was used for the patients in Group B.

Investigation
All procedures included in this study were conducted by two separate investigators (Kiesslich R, Murthy S) who were each experienced in performing colonoscopies using Pentax high-definition endoscopes (Pentax EPKi, Pentax 90i, Pentax Europe).
The length of time that it took to conduct each investigation was measured using a stopwatch and recorded. In agreement with previously published results, the minimal withdrawal time for the detection of polyps per investigation step was set to 6 min; the time was stopped during endoscopic interventions such as polypectomy[16]. During the endoscopic investigation, the patients were sedated with either 1% Propofol (Disoprivan, AstraZenca Zug, Switzerland) or Midazolam (Dormicum, Roche Pharma AG Basel, Switzerland).
Fluid stool residues were suctioned when inserting the endoscope into the cecum, and the baseline value for bowel preparation was determined using the Boston Bowel Preparation Scale to better objectify the degree of subsequent cleansing (Table 2). 
Based on an examination of the right colon, patients that were found to have a Boston Bowel Preparation Scale (BBPS) of 3 were excluded from intraprocedural bowel prep cleansing. 
In both investigation Groups, the removal of stool deposits from the mucosa was performed only when withdrawing from the cecum. 
[bookmark: OLE_LINK1]The cleansing time was included when calculating the withdrawal time; the amount of time taken to set up the JetPrep device was recorded separately and did not influence the withdrawal time. All polyps were removed during withdrawal with either a biopsy forceps (< 5 mm) or with an electric loop (> 5 mm), except for small (< 5 mm) hyperplastic polyps of the rectum and the sigmoid colon that presented no evident malignant potential according to the pit pattern classification. Every polyp was graded before removal according to both pit pattern and the Paris classification. The precise quantity of water required for cleansing was recorded for both examination arms. The Boston Bowel Preparation Scale (BBPS) was determined after both the first and the second cleansing step[17]. The proximal portion of the colon was then examined, and all patients that were considered to have a cleanliness score of 3 on the Boston Bowel Preparation Scale were excluded.
After the investigation, all patients were monitored in a standardized manner and were discharged the same day. The study participants were either called the following day or were questioned at the ward about the occurrence of adverse events.

Statistical analysis

Patient data were recorded on a case report form, and relevant details concerning medical history were included.
During the procedure, the time points corresponding to the commencement and conclusion of each examination step were recorded in addition to the length of time that was spent during cleansing and intervention. Every polyp that was discovered during the investigation was registered in a table and the respective histological findings were subsequently recorded.
For both intervention arms, the primary endpoint of the study was the percentage miss rate of adenomas and serrated lesions on the right side of the colon during the first examination step. The secondary endpoints of the study are summarized in Table 3.
Case numbers were calculated based on previously published studies concerning tandem colonoscopy, which reported miss rates of 27%-37% for adenomas on the right side of the colon under standard conditions[12].
Assuming that irrigation with the JetPrep flushing device would reveal not only small adenomas but also adenomas coated with mucus and flat serrated ones, we presumed an absolute risk reduction of ≥ 30% in the present study, with an effective miss rate of 40% in the reference Group and 10% in the intervention Group. We determined that the detection of at least 64 lesions was necessary to achieve a statistically significant absolute risk reduction when employing a one-sided Fisher’s exact test for statistical analysis.
Because the majority of previous studies have assumed an average of one neoplastic lesion per patient, the value described above can be considered equivalent to a sample size of 64 patients or 32 patients per study arm. The χ2 test was used to compare the categorical variables of the secondary endpoints amongst the various Groups. Version 18.0 of the SPSS program was used to evaluate the data.

RESULTS
A total of 73 patients were recruited for the study between March and July of 2012. Six patients were subsequently excluded from the study as a result of having BBPS scores of 3 in the ascending colon. It was not possible to perform a complete colonoscopy in one of the study subjects due to the presence of adhesions.
Two additional patients had to be excluded after the first step of the study due to the respective reasons of an excessively long examination time in one and the presence of stool residues in the bowel that could not be suctioned through the working channel of the endoscope (and thus interfered with the examination) in the other.
A final count of 64 patients (34 men and 30 women) were included in the study, of whom 22 had at least one risk factor for developing colorectal carcinoma (e.g., a first-degree relative with colorectal cancer, a positive medical history for adenoma, or an age > 70 years; Table 4). Thus, 42 patients were assigned to the low-risk Group. Following our randomization process a total of 30 patients were assigned to the control Group (Group A) and 34 to the intervention Group (Group B).
To estimate the mean quality of bowel preparations, the mean score on the Boston Bowel Preparation Scale was calculated for all patients. The mean BBPS score was found to be 5.15 ± 2.04 for n = 71 (Table 5; 2 patients did not undergo a complete colonoscopy). 
Thus, on a scale from 0-9 (0 = poorest bowel preparation; 9 = best possible bowel preparation), the mean score was found to be in the middle range. The initial degree of cleansing was similar in both Groups. Notably, baseline values for the proximal portions of the bowel were on average lower relative to the rest of the colon and increased progressively as one moved further distally into the colon.
Table 5 provides a direct comparison of additional characteristics that were found during investigation. The withdrawal time needed for the first step of the procedure was significantly longer in Group A (9.41 ± 3.34 min), on whom the JetPrep system was used, compared to Group B (7.5 ± 1.92 min). However, the total withdrawal time did not differ significantly between the two Groups. 
Large differences were found between the control Group and the intervention Group with regard to the quantity of water used during cleansing (Table 6). During both steps of the investigation a greater quantity of water was used to cleanse the bowel when the JetPrep system was employed. Because cleansing was stopped after the first examination step when it produced no further positive effect, the difference between Groups for the first step was significant (P < 0.001). 
This finding was confirmed by the significantly greater quantity of water that was required when using the JetPrep system in the second examination step. However, the overall quantity of water used for both colonoscopies did not differ between Groups (Table 6). 
Despite differences in water consumption rates none of the 64 study patients experienced complications and all of them could be discharged to go home on the day that they underwent colonoscopy; patients that were already hospitalized were instead sent to the ward for further treatment. A total of 47 out of the 64 patients (73.4%) could be queried about adverse events on the day of the examination; of these, none reported a serious adverse event.

Primary endpoint analysis
A total of 163 discovered polyps were found amongst the 64 study participants who underwent both investigation steps, of these a total of 103 polyps were found during the first investigation step. In Group A, 49.4% of the polyps were detected during the standard bowel cleansing procedure and the miss rate (i.e., polyps discovered during the second step of the procedure) of this Group was 50.7%. Group B underwent cleansing with the JetPrep system during the first step of the examination and up to 73.9% of polyps were identified during this step. Thus, the miss rate in Group B was only 26.1% (P < 0.001; Table 7).
When considering only the investigations that were performed on the right side of the colon the miss rate in Group A during the first examination was 60.6% compared to 26.4% in Group B (P < 0.001). 
When including the presence of dysplastic lesions such as LGD, HGD and serrated adenomas in the statistical evaluation, the JetPrep system was proven to be significantly more advantageous with respect to both the entire colon and the proximal portions of the colon (Figure 2).  
[bookmark: OLE_LINK244][bookmark: OLE_LINK245]The graphical presentation of miss rates in the first investigation, shown in Figure 3, reveals higher miss rates for lesions on the right side of the colon versus the remainder of the colon with respect to both overall lesion numbers and adenomas and sessile serrated adenomas (SSA). The results show that there was a significant increase in the adenoma detection rates that were measured for both Group A (n = 7) and Group B (n = 27), concurrent with a significant decrease in the miss rates that were calculated for each Group (Group A: 56.3% vs Group B: 29.0%). When comparing the miss rates for polyps that were distributed throughout the colon versus those that were found only on the right side of the colon (Table 7), clear differences were found within the reference Group (Group A), and virtually no differences were found within the intervention Group (Group B). In Group A, the miss rate for the detection of all polyps was 50.7%; in Group B, this rate was 26.1%. When evaluating only the right side of the colon, the miss rate was found to be 70.0% in Group A and 37.0% in Group B. Table 7 provides a clear overview of the detection and miss rates between the two Groups.  

DISCUSSION
[bookmark: OLE_LINK257][bookmark: OLE_LINK258]Colonoscopy has become an integral part of disease prevention, and its use is established in many countries. In Germany, it is common that all insured persons that are ≥ 50 years in age undergo a screening colonoscopy for the early detection of colorectal cancer (CRC)[18-21]. Furthermore, a collection of respected editorials advocate colonoscopy as a preferred screening strategy, despite the well-known issues of overlooked adenomas and interval cancers[22].
The results of a cohort study that followed 88,902 patients over a period of 22 years found screening colonoscopy to be associated with a reduced incidence of cancer in the distal colorectum; however, only a modest reduction in the incidence of proximal colon cancer was found[23]. As of the time of this writing, screening colonoscopies that are used to identify lesions on the left side of the colon are associated with a significantly reduced risk of mortality (odds ratio = 0.33), however, this association does not hold true with respect to the identification of lesions on the right side of the colon (odds ratio 0.99).
Previously conducted studies have postulated several reasons to explain why the efficacy of screening colonoscopy is so widely different when used on the left side of the colon versus the right side; it has been unanimously agreed that no single factor can explain this phenomenon with sufficient clarity. The difficulty associated with the preparation of the right side of the colon during bowel cleansing should certainly be considered an important factor when trying to understand why the detection of small flat polyps in this region of the colon is still a challenge[7,23]. In addition to oral laxatives, a variety of intraprocedural cleaning measures can be used to achieve better visibility in the proximal colon. Considering that rinsing the colon with syringes through the working channel of the endoscope is a time consuming and ineffective process, many other systems are currently being tested to improve visibility during colonoscopy[11-14]. 
The JetPrep cleansing device is a sterile, disposable system that functions through a shower like spray mechanism while simultaneously permitting stool residues to be suctioned through the working channel of an endoscope. Preliminary studies on the JetPrep system have shown that it achieves significantly better cleansing compared to alternative methods[14]. 
The prospective crossover study described here demonstrated that significantly better cleansing of the colon was achieved with the JetPrep system than by the standard method of a using syringe, especially in poorly prepared portions of the proximal colon (P < 0.001). 
In addition to better cleansing, the methodology presented in this study led to higher detection rates for polypoid lesions in the colon and a significant enhancement of lesion detection rates with respect to the right side of the colon (P < 0.001). However, the more relevant feature of this method from the viewpoint of the patient is the enhanced detection of adenomas and dysplastic polyps, as these factors alone constitute a quality criterion that demonstrates the efficacy of the new method and dictates both the intervals of treatment and the prognosis of the patient. Currently, based on the knowledge of the “adenoma-carcinoma sequence,” in some cases the next control investigation is recommended after a rather long period of 10 years[21]. However, recent data have revealed a new serrated pathway that encompasses both SSA and the conventional adenoma-carcinoma pathway[8,24-33]. 
This type of polyp is usually found on the right side of the colon and because it is shallow its growth pattern is difficult to detect[34,35]; such polyps tend to be easily overlooked and are therefore responsible for increasing the rate of interval carcinomas associated with screening colonoscopy in addition to having a greater potential of transforming into colorectal cancer[36]. 
In the present study, we found the JetPrep cleansing device to be significantly superior in facilitating the detection of adenomas and serrated adenomas throughout the colon as compared to standard cleansing with a 50-mL syringe (Fisher's exact test, P < 0.035). It is also notable that significantly more adenomas and SSAs were found on the right side of the colon following the use of the JetPrep device (P = 0.043). A large case-control study that was recently published by Baxter reported a 22% average miss rate for the detection of adenoma (range, 15%-32%) when using tandem colonoscopy and further emphasized the benefit of screening colonoscopy in reducing the rate of mortality caused by interval cancers that arise on the right side of the colon[37]. 
A similar outcome was achieved in a study performed by Rex; tandem colonoscopy in conjunction with a standard cleansing procedure yielded a miss rate of 25%. Lesions less than 5 mm in size were found to be overlooked more frequently in the first examination step whereas larger lesions were more rarely missed[38]. 
In contrast to the Rex study, in our present investigation we switched between two cleansing procedures. Significantly more colon adenomas and sessile serrated adenomas (SSAs) were overlooked in patients who underwent the first procedure when a standard cleansing method was employed (43.3% miss rate). The rate of missed right-sided colonic adenomas and SSAs was even more pronounced (56.3%). 
[bookmark: OLE_LINK232][bookmark: OLE_LINK233]In patients who underwent cleansing with the JetPrep device during the initial colonoscopy, we registered an overall miss rate of 23.7%, with a 29.0% miss rate for right-sided adenomas. Although our results generally agree with other published studies, detection rates tended to be higher and miss rates correspondingly lower when using the JetPrep flushing device[39]. These results might be explained by the superior cleansing that can be achieved with the JetPrep device. Furthermore, the rate at which we detected adenoma is comparable to that obtained when using white light endoscopy in conjunction with newer add-on devices (e.g., Third Eye Retroscope, cap-assisted colonoscopy). However, one potential bias of our approach that must be noted is the fact that we divided our patient cohort into a high-risk and a low-risk Group and that the endoscopist performing the procedure was not blinded as to which Group each patient fell within; this knowledge could influence the degree to which the colon was inspected on withdrawal. 
The relevance of improved adenoma detection rates (and corresponding reductions in miss rates) from the perspective of the patient is reflected by the high rate of interval carcinomas and by the use of different recommendations for the frequency of screening colonoscopy that is necessary for adenoma detection. In 7 out of 30 patients in Group A at least one adenoma or SSA was discovered during the second examination when using the JetPrep system that was not detected during the first standard examination. Thus, in the absence of a second examination, the initial colonoscopy would have been performed too late in 23.3% of patients. With regard to the corresponding values for Group B, fewer patients (8.8%) would have been subjected to an incorrect screening interval after the first examination step with JetPrep (3 of 34 patients). With regard to withdrawal times, a significantly longer withdrawal time was necessary when using the JetPrep system during the first examination (9.41 ± 3.34 min vs 7.5 ± 1.92 min, P < 0.009); the withdrawal period for the second examination was nearly just as long (8.22 ± 2.25 min vs 7.6 ± 1.71 min, P = 0.224). To rule out systematic errors, we calculated the difference in total investigation times for both Groups as well as any differences caused by the JetPrep steps and no significant difference was found for either of these parameters between the two groups.
Based on the collective findings detailed above, we can conclude that patients with relevant residual staining are subject to a much higher risk of missed dysplastic lesions. However, it should be noted that the colonoscopies performed in our study were conducted by only two highly experienced endoscopists and that every back-to-back examination was performed by the same investigator, who was not blinded to the results of the first screen. 
Furthermore, even advanced cleansing procedures are limited in their ability to enhance the detection of polyps that are concealed behind folds.
In addition to new options becoming available for bowel cleansing, there has also been an increase in the development of new endoscopic techniques, all of which are aimed at enhancing imaging techniques to improve the detection of adenoma and/or combating interval carcinoma. 
These new techniques utilize items such as a retro-viewing device (Third Eye Retroscope, Avantis Medical, Sunnyvale, CA), a colonoscope equipped with an integrated balloon at its distal tip (NaviAidTM G-EYE, Smart Medical Systems, Israel), or a full spectrum endoscope (FUSE, EndoChoice, Alpharetta, GA, United States) that can provide the endoscopist with a 330-degree field of vision. Each of these techniques enables the inspection of the proximal surfaces of haustral folds, which are not in the line of vision of the endoscope’s forward-viewing optics. Thus far the results obtained from using such devices have been associated with enhanced adenoma detection rates compared with standard colonoscopy[40-43].
Nevertheless, the techniques discussed above should not be considered as direct competitors that will rule out the use of the JetPrep system; rather, they emphasize the fact that the problem of overlooked adenomas is a persistent one. In fact, the JetPrep system may be used to complement the new technical procedures because of its universal ability to be applied through the working channel of the endoscope. In fact it would even be desirable to explore the combination of JetPrep and these new technologies; such investigations would likely yield even more favorable results than those achieved so far.
   In summary, the JetPrep flushing device is safe to use and is the first intraprocedural cleansing system that significantly increases detection rates of right-sided neoplastic lesions (adenomas/SSA). Although based on a relatively small single-center, prospective, randomized clinical study, the JetPrep flushing device may be recommended for use in screening colonoscopies to improve the preparation of the bowel and therefore increase the rate of polyp detection.
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[bookmark: OLE_LINK614][bookmark: OLE_LINK615][bookmark: OLE_LINK843][bookmark: OLE_LINK844]Background
Although screening colonoscopy is considered to be the gold standard for identifying lesions within the bowel, the problem of overlooked adenomas and interval cancers is increasing. 

Research frontiers
The literature postulates several reasons to explain why the efficacy of screening colonoscopy differs widely between the left and right sides of the colon; it is unanimously agreed that no single factor can explain this phenomenon with sufficient clarity.

Innovations and breakthroughs
[bookmark: OLE_LINK1860][bookmark: OLE_LINK1861]Flat and sessile polyps are shallow and difficult to detect. These polyps tend to be easily overlooked and possess a greater potential for transformation into colorectal cancer. They may therefore be responsible for interval carcinomas after screening. In the present study the authors found that the JetPrep cleansing system is superior to standard cleansing with respect to facilitating the detection of both adenomas and serrated adenomas throughout the colon.

Applications 
Any improvement that can be made to the detection rate of adenoma is highly relevant for patients with regard to recommended control intervals for colonoscopies performed to detect adenomas. 

Terminology
[bookmark: OLE_LINK2204][bookmark: OLE_LINK2135][bookmark: OLE_LINK2585][bookmark: OLE_LINK2586][bookmark: OLE_LINK2709][bookmark: OLE_LINK2926][bookmark: OLE_LINK678][bookmark: OLE_LINK679]The JetPrep system is a new irrigation system for intraprocedural colon cleansing. The system functions in a similar way to a showerhead and is introduced through the working channel of the endoscope.

Peer-review
The authors have investigated an important issue concerning bowel preparation in what appears to be the first randomized, prospective, crossover study designed to examine intraprocedural bowel cleansing with the newly developed JetPrep system during colonoscopy. Quality outcomes such as bowel preparation and adenoma detection rates were examined.
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[image: ]Figure 1 The JetPrep system. 
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	Group A
	Group B

	Miss rate of adenomas and SSA in 1st step
	13
	13

	[bookmark: OLE_LINK242][bookmark: OLE_LINK243]Adenoma and SSA detection rate in 1st step
	17
	42


[bookmark: OLE_LINK508][bookmark: OLE_LINK509]Figure 2 Miss rates for polyps, adenomas and sessile serrated adenomas. SSA: Sessile serrated adenoma.
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	Group A
	Group B

	Miss rate of right-sided colon adenomas and SSA 
in 1st step
	9
	11

	Adenoma and SSA detection rate on the right side of the colon 
in 1st step
	7
	27


[bookmark: OLE_LINK246][bookmark: OLE_LINK247]Figure 3 Miss rates for polyps, adenomas and sessile serrated adenomas on the right side of the colon. SSA: Sessile serrated adenomas.
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Figure 4 Number of right-sided adenomas and sessile serrated adenomas.
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Figure 5 Total number of found adenomas and sessile serrated adenomas.

Table 1 Inclusion and Exclusion criteria
	Inclusion criteria

	All patients ≥ 50 yr of age who reported for a screening or surveillance colonoscopy and had a history of removed adenomas were included in the study.

	Exclusion criteria

	Patients who were unable to sign the informed consent form 

	1. Patients who had undergone previous (partial) resection of the large bowel, except for appendectomy 

	3. Patients with known or pre-existing colorectal carcinoma 

	4. Patients with chronic inflammatory bowel disease 

	5. Patients with known FAP or HNPCC syndromes in the family 

	6. Patients with a Quick score < 50%, pTT > 50 s, or thrombocytes < 50000/μL who had received no specific measures for the improvement of their coagulation (FFP, TK) before the examination

	7. Patients suffering from a severe underlying disease (ASA > II°) 

	8. Patients who were determined to have a cleanliness score of 3 on the Boston Bowel Preparation Scale for the proximal portion of the colon during the examination

	9. Patients in whom a complete colonoscopy could not be performed in the first or second step of the investigation

	Patients in whom the first step of the investigation took ≥ 45 min 





Table 2 Bowel preparation scale
	0 = Unprepared colon segment. Due to solid stool that cannot be cleared, the mucosa cannot be observed

	
1 = Some portions of the mucosa of the colon segment can be observed, but other areas are covered by residual staining consisting of residual stool or opaque fluid 

	

	2 = Minor amount of residual staining. No stool fragments or small quantities of opaque fluid, but the mucosal surface of the colon segment can be observed well

	
3 = The entire mucosa of the colon segment can be observed well and has no residual staining


For the purposes of this scale the bowel is divided into 3 portions, including the ascending colon, the transverse colon, and the descending colon. Each region is assigned a value from 0 to 3. The segment scores are summed to yield a total BBPS score ranging from 0 to 9. The minimum BBPS score was 0 and indicated either the poorest quality of bowel preparation or an unprepared colon while a perfectly clean colon without any residual liquid was scored 9 (47). 

	1. Miss rate for the entire colon

	2. Polyp miss rates and detection rates for the entire colon and the right side of the colon

	3. Colon cleanliness after JetPrep and standard cleaning (based on the Boston Bowel Preparation Scale)

	4. Rate of adverse events resulting from the use of JetPrep


Table 3 Secondary endpoint analysis 




Table 4 Patient characteristics
	Original cohort of patients
	n = 73

	Dropouts
	9/73 (12.3%)

	Number of included patients
	64/73 (87.7%)

	Group stratification
	Group A (first standard), n = 30
Group B (first JetPrep), n = 34

	Age (yr)
	63.53 ± 8.03

	Sex
	M: 34; F: 30

	Risk of developing CRC
	High: n = 22; Low: n = 42

	BBPS (baseline values) per protocol (n = 64)
	4.84 ± 1.81

	BBPS (baseline values) of original patient cohort1 (n = 71)

	5.15 ± 2.04


1A complete colonoscopy could not be performed in 2 patients. CRC: Colorectal cancer; BBPS: Boston Bowel Preparation Scale.

Table 5 Investigation-specific characteristics
	
	Group A
	Group B
	P value

	
	(first step: standard cleansing)
	(first step: JetPrep)
	

	Propofol (mg)
	366.33 ± 123.83
	421.1 ± 151.05
	0.1161

	Investigator
Kiesslich R
Murthy S
	
n = 22
n = 8
	
n = 20
n = 14
	0.2232

	Withdrawal time (min)
First step 
	
7.5 ± 1.92
	
9.41 ± 3.34
	
0.0093

	Second step 
	8.22 ± 2.25
	7.60 ± 1.71
	0.2241

	Total 
	15.72 ± 4
	17.0 ± 4.7
	0.2153

	Withdrawal time with JetPrep (min)
	8.22 ± 2.25
	9.41 ± 3.34
	0.1883

	Total duration (min)
	36.23 ± 20.31
	42.0 ± 18.91
	0.0733

	Intervention time (s)
First step 
	
218.77 ± 530.21
	
317.47 ± 638.62
	
0.2893

	Second step 
	122.47 ± 188.31
	162.94 ± 361.21
	0.3763

	BBPS basic value
	4.9 ± 1.9
	4.79 ± 1.79
	0.8182


1Independent t-test; 2χ2 test; 3Mann-Whitney U-test. BBPS: Boston Bowel Preparation Scale.

Table 6 Comparison of water consumption
	
	Group A
	Group B
	P value

	
	(first step: standard cleansing)
	(first step: JetPrep)
	

	Water consumption (mL) 
First examination 
	

308.70 ± 159.3
	

900 ± 588.18
	

< 0.0012

	Second examination 
	658.70 ± 272.47
	1141.81 ± 102.67
	< 0.0011

	Total water consumption (mL)
	967.39 ± 341.99
	1014.81 ± 660.54
	0.5592


1Independent t-test; 2Mann-Whitney U-test.

Table 7 Overview of detection rates and miss rates 
	
	Group A
	Group B
	P value

	Polyps, total found
	First step: 35
Second step: 36
	First step: 68
Second step: 24
	< 0.001

	Miss rates for polyps, total
	50.7%
	26.1%
	

	Polyps on the right side
	First step: 13
Second step: 20
	First step: 39
Second step: 14
	< 0.001

	Miss rate for polyps
	60.6%
	26.4%
	

	Adenomas, SSA total
	First step: 17
Second step: 13
	First step: 42
Second step: 13
	0.035

	Miss rate for adenomas, SSA total
	43.3%
	23.7%
	

	Adenomas, SSA on the right side
	First step: 7
Second step: 9
	First step: 27
Second step: 11
	0.043

	Miss rate for adenomas, SSA on the right side
	56.3%
	29.0%
	

	Adenomas total
	First step: 13
Second step: 11
	First step: 32
Second step: 12
	0.101

	Miss rate for adenomas, total
	45.8%
	27.3%
	

	Adenomas on the right side
	First step: 3
Second step: 7
	First step: 17
Second step: 10
	0.064

	Miss rate for adenomas on the right side
	70.0%
	37.0%
	

	SSA
	First step: 4
Second step: 2
	First step: 10
Second step: 1
	0.243

	[bookmark: OLE_LINK240][bookmark: OLE_LINK241]Miss rate for SSA
	33.3%
	9.1%
	


SSA: Sessile serrated adenomas.
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