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Abstract
BACKGROUND
Antifoaming agents, such as simethicone, may facilitate mucosal inspection during colonoscopy. However, conflicting results have been reported with regard to the impact of simethicone on quality of bowel preparation and adenoma detection rate (ADR). 

AIM
To perform a meta-analysis of trials that have compared simethicone vs placebo during colonoscopy.

METHODS
A reproducible literature search of multiple medical databases yielded eleven studies (n = 2605) for inclusion. Studies were compared for quality of bowel preparation, bubbles quality, ADR, and tolerability. Two reviewers independently scored the identified studies for methodology and abstracted pertinent data. Pooling was conducted by both fixed-effects and random-effects models. Relative risk (RR) estimates with a 95% confidence interval (CI) were calculated. Heterogeneity was assessed by I-squared index (I2) statistics.

RESULTS
Patients’ demographic characteristics were comparable in all studies. Of the 2605 patients, 1300 were in the simethicone group, whereas 1305 were in the placebo group. Inadequate bowel preparation was much lower in the simethicone group than in the placebo group [13% vs 24.6%; RR = 0.51 (0.31-0.82); P < 0.0001]. The placebo group was more likely to have significant colonic bubbles than was the simethicone group [35% vs 8%; RR = 1.49 (1.25-1.76); P = 0.0001]. Use of simethicone resulted in a slight, statistically significant increase in ADR compared with the placebo group [26.6% vs 21.6%, RR = 1.07 (1.01-1.13); P = 0.02]. Higher doses of simethicone (> 478 mg) were more likely to result in significant reduction of inadequate bowel preparation, colonic bubbles, and to improve ADR.

CONCLUSION
Adding simethicone improved the quality of bowel preparation, visualization, tolerability, and, eventually, ADR. 
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Core tip: Colonoscopy is an essential tool in the screening for and preventing colon cancer, but inadequate colon preparation limits visualization, prolongs procedure time, and, affects exam quality. An antifoaming agent, simethicone, has been a promising addition to bowel preparation. This meta-analysis of randomized controlled trials assessed the effect of its addition to commonly utilized bowel preparations and analyzed the optimum effective dose. We concluded that the addition of simethicone to bowel preparation significantly reduced inadequate bowel preparation, increased adenoma detection rate and trended to improved tolerability of the prep. Higher doses of simethicone were more likely to achieve those outcomes.
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INTRODUCTION
Colorectal cancer (CRC) is the third leading type of cancer worldwide, with 1-2 million new cases every year and a mortality rate of 600000/year[1]. Colonoscopy is an important tool for CRC screening and surveillance[2]. The presence of fecal residue and bubbles during the exam may limit visualization, prolong the procedure time, and, hence, affect the quality of the exam[3]. An antifoaming agent, simethicone, has been a promising addition to bowel preparation. It reduces the surface tension of air bubbles and has been shown to reduce bloating and abdominal pain, as well as improve mucosal visualization[4]. Results regarding improvement in the quality of bowel preparation and adenoma detection rate (ADR), however, have been mixed[4]. The aim of this study was to encompass recent randomized controlled trials in a meta-analysis to assess the effect of simethicone on bowel preparation, ADR, and patient compliance and to assess the optimal dose of simethicone to achieve aforementioned effects. 

MATERIALS AND METHODS
The methods of our analysis and inclusion criteria were based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses recommendations.

Study identification
One investigator (MM) and a research librarian independently designed and conducted a computer-assisted scan of multiple medical literature databases (including PubMed and OVID EMBASE) for relevant papers published from the start of 1947 through October 2018. A reproducible systematic literature search strategy was employed that searched for the term: “colonoscopy” AND “simethicone” OR “anti-foaming agent”. Two investigators (MM, HM) examined all published studies that compared simethicone with placebo in the improvement of bowel preparation, bubbles quality, ADR, and tolerability. 

Study eligibility
Investigators were not blinded to journal titles, author names, or institutional affiliations. Both inclusion and exclusion criteria were drafted before the initiation of literature review. Titles and abstracts were screened initially for potentially relevant studies. Once these articles were listed, the studies that clearly did not meet the eligibility criteria were excluded. Later, full manuscripts were studied in detail to ensure that the selected studies were appropriate for our analysis. Any disagreement was resolved by the senior investigator.
[bookmark: _Hlk4025281]For a trial of simethicone compared with placebo to qualify for inclusion in this meta-analysis, it should have met the following criteria: (1) prospective randomized controlled trial; (2) comparison of simethicone with placebo; and (3) either bowel preparation quality, bubbles score, ADR, or a combination of any of these parameters was studied. 

Data extraction
[bookmark: _Hlk4025305]One author (MM) extracted data from studies in tabulated data extraction forms and validated by a second author (MH). Extracted data was compared to the original research papers. The following data were collected: first author, publication year, country of origin, multi-center participation, number of subjects in each group, trainees’ involvement, sedation, pre-procedure diet, split dosing, blinding, patient demographics, indications of colonoscopy, quality and method used to assess bowel preparation, scoring of bubbles in lumen, ADR, polyp detection rate, and side effects and tolerance of prep material. Discrepancies in data extraction were resolved by consensus.

Outcomes for analysis
Rate of inadequate bowel preparation was the primary outcome. The definition of inadequate bowel preparation was either based on Boston Bowel Preparation score [(BBPS) < 6] or subjective reporting of “fair” or “poor” or “inadequate” in the included studies. Secondary outcomes included significant presence of colonic bubbles (more than minimal bubbles), ADR, and tolerability of bowel preparation, including bloating, nausea, vomiting, and abdominal pain. 

[bookmark: _Hlk4023535][bookmark: _Hlk4025325]Assessment of study quality
Bias was assessed by utilizing the Cochrane Collaboration Risk tool which is available in Review Manager 5. There are six criteria which this tool uses to evaluate four bias sources. To assess selection bias, it evaluates adequate sequence generation and allocation concealment. To assess detection and performance bias, it checks whether blinding is effective with respect to personnel, participant, and outcome assessors. To assess attrition bias, it assesses completeness of outcome data. To assess reporting bias, it assesses if selective reporting is present. It also has a protocol to assess other biases such as early withdrawal or extreme baseline imbalances. If a trial excelled in the aforementioned domains it was categorized to lowest risk of bias. If any disagreements occurred among the extracting authors, they were solved by consensus.

[bookmark: _Hlk4013442]Data synthesis and statistical analysis
The software utilized to conduct this meta-analysis is Review Manager (RevMan) v5.3 (The Nordic Cochrane Centre, Copenhagen, the Cochrane Collaboration). Assessments were made under Mantel-Haenszel fixed-effects method with summary risk ratio and 95% confidence interval. Random-effects model was used to combine estimates. If no significant heterogeneity (P > 0.1) was noted, fixed-effects model was rendered. Statistical tests were 2-sided and P < 0.05 was considered significant. Effort was made to report 95%CIs with the pooled data. A funnel plot was utilized to evaluate publication bias (inverse standard error for each study was plotted against natural log of the RR (InRR). Heterogeneity was assessed by I2 statistics, with value of more than 40% reported as substantial heterogeneity.

RESULTS
Study identifications and selection
[bookmark: _Hlk4025365]The literature search yielded eighteen potential studies for inclusion. Full text was only available for fifteen studies. Two studies were immediately excluded after initial review, because they compared different volumes in the experimental and control arms[5,6]. Two studies examined simethicone vs placebo, but were not included in this meta-analysis; one study included only mean data[7], and the other was a prospective, but not randomized, clinical trial[8]. Eleven studies were included in the final analysis (Figure 1). On manual review of the references of retrieved manuscripts, no other studies meeting inclusion criteria were identified.

Description of variation in study methods
There were four studies from Asia[9-12], two from Europe[13,14], and five from North America (Table 1)[15-19]. All studies provided some sort of patient demographic information. Five studies provided data regarding sex distribution and there was no difference in male/female distribution across arms (P = 0.91)[9-12,15]. Four studies provided data regarding age distribution which was not different either (P = 0.85)[9-12]. The number of participants in these studies ranged from 42 to 294. One study involved only patients with inflammatory bowel disease[13]. Symptomatic indication was the highest reason for colonoscopy (67%) among the five studies with detailed information regarding indication[9-12,15]. All studies but two commented on the quality of bowel preparation[17,19]. Three studies used the Boston Bowel Preparation Score (BBPS)[9-11]; adequate preparation was defined as total score of ≥ 6. Three studies used a subjective tool (excellent-good-fair-poor)[12,13,15]; adequate preparation was defined as scores of “excellent” or “good”. One study used a dichotomous subjective tool (good or poor)[18], with adequate preparation defined as a score of “good”. One study used a 0 to 4 scoring system, where 0 represented hard stool and 4 represented no stool; a score of 3 or 4 was considered adequate[14]. All studies but two examined the degree of air bubbles[14,18]. The degree of air bubbles was summarized as significant (no or minimal bubbles) vs not significant (more than minimal bubbles) to accommodate the various definitions used in these trials. Only two studies assessed the relationship of simethicone use to ADR[9,10]. 
Three studies used a 2-l PEG solution with ascorbic acid, Moviprep (Norgine, Amsterdam, the Netherlands), in a split dose fashion[11,15,16]. Two studies used a 2-l PEG solution only on the morning of procedure[9,10]. Three studies used sodium phosphate solution (Nap)[12,14,17]. Two studies used 4-l PEG solution[13,18]. One study used 5-l PEG[18], and another used 6-l PEG[19]. Among the various studies, the dose of simethicone ranged from 120 mg to 900 mg daily for five days.

[bookmark: _Hlk4014440]Assessment of study quality
When assessing domains in risk of bias, we noted that all trials had inadequate bias control (Figure 2). The principle risks of bias noted were allocation concealment and participant blinding.

[bookmark: _Hlk4025391]Data synthesis
[bookmark: _Hlk4020329]Eleven studies met the inclusion criteria (n = 2605). Of the 2605 patients, 1300 were in the simethicone group, whereas 1305 were in the placebo group. Given that the between-study variability was substantially high for the pooled RR of inadequate bowel preparation, significant colonic bubbles, abdominal pain and distension, the random effects model was employed Since the I2 of the pooled RR of the ADR, nausea, and vomiting was less than 40%, the fixed effects model was utilized for these analyses. 
The rate of inadequate bowel preparation was much lower in the simethicone group than in the placebo group [13% vs 24.6%; RR = 0.51 (0.31-0.82); P < 0.0001; Figure 3]. The placebo group was more likely to have significant colonic bubbles than was the simethicone group [34.9% vs 8%; RR = 1.49 (1.25-1.76); P = 0.0001; Figure 4]. Use of simethicone resulted in a slight, statistically significant increase in ADR compared with the placebo group [26.6% vs 21.6%, RR = 1.07 (1.01-1.13); P = 0.02; Figure 5]. 
With regards to tolerability, simethicone use resulted in less abdominal distension [16.6% vs 30%, RR = 0.58 (0.43-0.78); P = 0.0003] and trends towards less abdominal pain [8.1% vs 12.3%, RR = 0.66 (0.42-1.03); P = 0.07]. There was no difference between the two groups with regard to nausea [23.6% vs 22.8%, RR = 1.02 (0.86-1.21); P = 0.78] or vomiting [8.4% vs 8.4%, RR = 0.99 (0.71-1.38); P = 0.97]. 
[bookmark: _Hlk4025423][bookmark: _Hlk4020630]With regards to simethicone dose, the mean dose was calculated to be 478mg. Sensitivity analysis was conducted to compare inadequate bowel preparation, significant bubbles and ADR among PEG based, NaP based bowel preparations and simethicone dose above and below the mean dose (478 mg). Although both dose categories resulted in significant reduction in colonic bubbles, higher than mean dose of simethicone were significantly associated with adequate bowel preparation and ADR (Table 2). No significant publication bias was noted when inadequate bowel preparation outcome was analyzed via funnel plot (Figure 6). 

DISCUSSION
[bookmark: _Hlk4021667][bookmark: _Hlk4025457]Simethicone is polydimethylsiloxane mixture that is frequently prescribed to reduce abdominal discomfort from excessive gas in the bowel. This anti-foaming agent reduces the surface tension of air bubbles so they merge and are easily passed via belching or flatulence. 
In this meta-analysis, simethicone use resulted in a 50% reduction in inadequate bowel preparation and an almost 50% improvement in colonic bubbles during colonoscopy. Improvement in bowel preparation quality is likely attributed to reduced foam formation and reduced possibility of residual stool adherence to the colon, enhancing its expulsion from the gastrointestinal tract[10]. In the trials included, there were significant disparities in simethicone dose (120 to 1200 mg), mode of administration (mostly, mixed with the purgative solution), and timing of administration (depending on the timing of purgative used; mostly, split dosing was utilized). 
Two earlier meta-analyses related to simethicone and colonoscopy quality were published[20,21]. Wu et al[20] noted no improvement in the quality of bowel preparation when using simethicone in addition to regular purgatives. However, of the 13 studies included in that meta-analysis, seven evaluated colonoscopies specifically, and all had relatively small sample sizes (18-82 patients in each arm) and significant variability in bowel preparation utilized. Recently, Pan et al[21] examined the impact of simethicone use on ADRs in 1855 patients undergoing colonoscopies. This meta-analysis was restricted to trials that used PEG as the bowel purgative. Two of the six trials included in the meta-analysis used different PEG volumes in the placebo and control arms. 
Our meta-analysis results concur with those of Pan et al[21] with regard to significant improvement of ADR. However, we included only RCTs that used the same volume and type of purgatives in each arm, regardless of whether the purgative was PEG-based. We included non-PEG-based alternatives as well, which confirms the broad applicability of simethicone. We also examined other outcomes, including quality of bowel preparation, significant bubbles, and tolerability. Additionally, we performed multiple sensitivity analyses to evaluate the impact of simethicone on quality of bowel preparation, colonic bubbles, and ADR relative to the type of purgative or the dose of simethicone. We found that the beneficial effect of simethicone on the improvement of the quality of bowel preparation was more pronounced with PEG-based purgatives than with purgatives based on sodium phosphate. We also found that simethicone doses above the mean (478 mg) were more likely to result in significant reduction of inadequate bowel preparation, colonic bubbles, and ADR (Table 2). We feel this highlights an important area of research, as studies evaluating optimal dose of simethicone are lacking. 
Simethicone is a well-tolerated and safe drug. It has very few side effects, given that the drug is not absorbed into the blood stream[22]. In our meta-analysis, we found that simethicone improved bowel prep tolerability. Even though no difference was observed between the two groups with regards to nausea or vomiting, simethicone resulted in less abdominal distension (P = 0.0003) and showed a trend toward less abdominal pain (P = 0.07). This would suggest an increased likelihood of patients completing prep, hence improving the quality of bowel preparation and ultimately reducing the need for repeat colonoscopies.
[bookmark: _Hlk4021893][bookmark: _Hlk4025492]Our meta-analysis has several strengths. When compared with the two previous meta-analyses conducted on this topic, our sample size was the largest. We analyzed in detail the dose of simethicone, as well as its effect on bowel preparation, colonic bubbles, and ADR. Most of the included studies suggest statistically insignificant trends which, when pooled together, do reach statistical significance. Taking into account the multiple countries included, the patient diversity, and uncomplicated administration of simethicone, we believe these results to be generalizable. The significant heterogeneity between the studies may be a result of multiple factors, including variation in bowel preparation used, dosage and timing of simethicone administration, the different methods used to assess the quality of bowel preparation and the severity of colonic bubbles, and the diet permitted during the few days prior colonoscopy.
There are some limitations. First, as this was a group-level study, it is susceptible to ecological bias. Second, all but one of the studies was only single-blinded. Recent literature has cast doubt on the safety of simethicone use during endoscopy. There are concerns that particles will deposit in the working channel and may be a harbinger of infection despite reprocessing. A recent study by Barakat et al[23] noted increased ATP bioluminescence after using medium and high doses of simethicone through the water pump and after injecting through the working channel. The clinical relevance of this residue is debatable, and no link with increased infection has been established. Most recent outbreaks of endoscopy-related infection are linked with the difficulty in cleaning the elevator mechanism in duodenoscopes. Major endoscope manufacturers recommend either avoiding simethicone use altogether during endoscopy, or using the lowest concentration necessary[24]. The European Society of Gastrointestinal Endoscopy recommends using simethicone in bowel preparation instead of through the endoscope, with the thought that it is less likely to persist in the endoscope[25]. However, this area requires further study. 
The results bring us to the question; should simethicone be routinely utilized in addition to standard bowel preparation? Although simethicone is already suggested by American[26] and European[25] clinical guidelines to reduce foaming and to improve tolerability, we feel that simethicone as a colonoscopy adjuvant is currently underutilized by gastroenterologists worldwide. By mixing simethicone with bowel preparation, the need for injection through the endoscope during the procedure would be reduced, allaying concerns about infection.
In conclusion, the addition of medium doses of simethicone to colonoscopy bowel preparation improves the tolerability and quality of bowel preparation and promises improvements in ADR. Simethicone appears to be safe, with a low incidence of adverse events in this pooled analysis.

ARTICLE HIGHLIGHTS
Research background
Colon cancer is the second most common cause of cancer related deaths in both men and women across the world. Colonoscopy is an essential tool that can help screen and prevent it. However, inadequate bowel preparation decreases rate of adenoma detection, increases procedure time; decreasing overall quality of colonoscopy. Antifoaming agents, such as simethicone, may help improve adequate preparation if added to bowel preparation. However, data regarding this is unclear. There is also upcoming data that injection of simethicone through the endoscopy channel may be associated with particle deposition and lead to scope reprocessing infection outbreaks. 

Research motivation
So far, it is unclear whether simethicone is effective in increasing adenoma detection rates (ADRs) in different bowel preparation and there is no data on what dose should be used in bowel preparation. 

Research objective
To conduct a meta-analysis to help summarize available data for simethicone use during various bowel preparations, confirm the effect on ADR, bowel prep tolerability and investigate an optimal dose.

Research methods
Studies related to this topic were searched for in multiple databases. Only 11 studies met the strict inclusion criteria. Two reviewers independently scored the identified studies for methodology and abstracted pertinent data. Review Manager 5 was used to analyze the data.

Research results
We were able to show that addition of simethicone to bowel preparation lead to a significant decrease in inadequate bowel preparation and number of colonic bubbles. This resulted in a significant increase in the ADR as well. We also noted higher doses of simethicone (approximately 500 mg) were more effective.

Research conclusion
Our study confirms the effectiveness of simethicone use in bowel preparations in helping improve quality of colonoscopies. 

Research perspectives
Whilst searching for literature, we realized few meta-analyses have effectively analyzed simethicone effectiveness in different bowel preparations and looked at optimal dosage. More studies are needed to investigate an association of simethicone use with bowel preparation with scope reprocessing infection.
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Table 1 Characteristics of studies included in the meta-analysis
	Ref.
	Country
	No. of patients
Simethicone/placebo
	Bowel preparation used
	Simethicone 
	Timing of Simethicone 
	Timing of bowel preparation
	Diet prior to colonoscopy

	McNally et al[19] 
	United States
	49/48
	6L PEG
	160 mg
	Mixed with PEG
	Not clear
	NA

	Shaver et al[18]
	United States
	102/102
	5L PEG
	75 mL (30% simethicone)
	45 mL before and 30 mL after ingestion of PEG
	Night before
	NA

	Lazzaroni et al[13]
	Italy
	57/48
	4L PEG
	120 mg
	Mixed with PEG
	Split dose
	NA

	Sudduth et al[17]
	United States
	42/44
	45 mL NaP × 2 doses 
	320 mg
	160 mg after each dose of 45 mL NaP
	Split dose
	Clear liquid the day before

	Altintas et al[14]
	Turkey
	82/83
	90 mL NaP/133 mL NaP
	300 mg
	Capsule containing simethicone given 3 times/d × 5 d
	Split dose
	Watery or low fiber diet × 5 d

	Tongprasert et al[12]
	Thailand 
	62/60
	45 mL NaP × 2 doses
	480 mg
	240 mg with each 45 mL NaP
	NA
	Low residue the day before

	Jansen et al[16]
	United States
	177/193
	4L PEG/PEG-Asc
	200 mg (20 mL 10 mg/mL)

	20 mL with the last L of PEG
	Split dose
	NA

	Matro et al[15]
	United States
	62/61
	PEG-Asc
	400 mg
	Added to PEG
	Split dose
	Low residue for breakfast (the day before), followed by clear liquid

	Yoo et al[11]
	South Korea
	130/130
	PEG-Asc
	400 mg
	Added to the last 500 mL of clear fluid
	Split dose
	Low residue × 3 days/clear liquid the night before

	Zhang et al[9]
	China
	289/290
	2L PEG
	1200 mg
	Added to PEG
	Day of procedure
	Low residue the day before

	Bai et al[10]
	China
	294/289
	2L PEG
	1200 mg (30 mL, 40 mg/mL)
	Added to PEG
	Day of procedure
	Low residue/clear liquid the night before


PEG: Polyethylene glycol; NaP: Sodium phosphate; N/A: Not available.



Table 2 Sensitivity analyses 
	
	PEG purgatives
	NaP purgatives
	Simethicone dose above the mean (478 mg)
	Simethicone dose below the mean 
(478 mg)

	Inadequate bowel preparation
	0.44 (0.26-0.73), P = 0.002, n = 6
	0.82 (0.41-1.67), P = 0.59, n = 2
	0.61 (0.38-0.98), P = 0.04, n = 4
	0.29 (0.07-1.18), P = 0.08, n = 4

	Significant bubbles
	1.42 (1.2-1.7), P < 0.0001, n = 7
	1.84 (1.1-2.9), P = 0.01, n = 2
	1.79 (1.26-2.53), P = 0.001, n = 3
	1.37 (1.17-1.59), P < 0.0001, n = 6

	ADR
	NA
	NA
	1.08 (1.03-1.15), P = 0.003, n = 2
	1.0 (0.85-1.19), P = 0.98, n = 2



PEG: Polyethylene glycol; NaP: Sodium phosphate; N/A: Not available; n: Number of studies; ADR: Adenoma detection rate.
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1947-2018
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11 articles included in final analysis
2 articles excluded as they compared different volumes.
13 articles retrieved
1 article excluded as it was not randomized
1 article excluded as it compared only mean data 
15 articles retrieved
3 studies excluded as full text not available
92 articles excluded after titles/abstract screen
18 articles retrieved
110 citations


























Figure 1 Flowchart of the literature search and study selection.
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Figure 2 Risk of bias summary for randomized clinical trials.
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Figure 3 Forrest plot of the pooled risk ratio of the effect of simethicone on quality of bowel preparation and I2 statistic for heterogeneity.
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Figure 4 Forrest plot of the pooled risk ratio of the effect of simethicone on the quality of colonic bubbles and I2 statistic for heterogeneity.
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Figure 5 Forrest plot of the pooled risk ratio of the effect of simethicone on adenoma detection rate and I2 statistic for heterogeneity.
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Figure 6 Funnel plot. 
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