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Abstract
BACKGROUND
Low-volume preparations for colonoscopy have shown similar efficacy compared to high-volume ones in randomized controlled trials (RCT). However, most RCTs do not provide data about clinical outcomes including lesions detection rate. Moreover, real-life comparisons are lacking. 

AIM
To compare efficacy (both in terms of adequate bowel preparation and detection of colorectal lesions) and tolerability of a high-volume (HV: 4 L polyethylene glycol, PEG) and a low-volume (LV: 2 L PEG plus bisacodyl) bowel preparation in a real-life setting.

METHODS
Consecutive outpatients referred for colonoscopy were prospectively enrolled between 1 December 2014 and 31 December 2016. Patients could choose either LV or HV preparation, with a day-before schedule for morning colonoscopies and a split-dose for afternoon procedures. Adequate bowel preparation according to Boston Bowel Preparation Scale (BBPS), clinical outcomes including polyp detection rate (PDR), adenoma detection rate (ADR), advanced adenoma detection rate (AADR), sessile/serrated lesion detection rate (SDR) and cancer detection rate and self-reported tolerability of HV and LV were blindly assessed.

RESULTS
Total 2040 patients were enrolled and 1815 (mean age 60.6 years, 50.2% men) finally included. LV was chosen by 52% of patients (50.8% of men, 54.9% of women). Split-dose schedule was more common with HV (44.7% vs 38.2%, P = 0.005). High-definition scopes were used in 33.4% of patients, without difference in the two groups (P = 0.605). HV and LV preparations showed similar adequate bowel preparation rates (89.2% vs 86.6%, P = 0.098), also considering the two different schedules (HV split-dose 93.8% vs LV split-dose 93.6%, P = 1; HV day-before 85.5% vs LV day-before 82.3%, P = 0.182). Mean global BBPS score was higher for HV preparations (7.1 ± 1.7 vs 6.8 ± 1.6, P < 0.001). After adjustment for sex, age and indications for colonoscopy, HV preparation resulted higher in PDR [Odds ratio (OR) 1.32, 95%CI: 1.07-1.63, P = 0.011] and ADR (OR 1.29, 95%CI 1.02–1.63, P = 0.038) and comparable to LV in AADR (OR 1.51, 95%CI 0.97-2.35, P = 0.069), SDR and cancer detection rate. The use of standard-definition colonoscopes was associated to lower PDR (adjusted OR 1.59, 95%CI: 1.22-2.08, P < 0.001), ADR (adjusted OR 1.71, 95%CI: 1.26–2.30, P < 0.001) and AADR (adjusted OR 1.97, 95%CI: 1.09-3.56, P = 0.025) in patients receiving LV preparation. Mean Visual Analogue Scale tolerability scored equally (7, P = 0.627) but a ≥ 75% dose intake was more frequent with LV (94.6% vs 92.1%, P = 0.003). 

CONCLUSION
In a real-life setting, PEG-based low-volume preparation with bisacodyl showed similar efficacy and tolerability compared to standard HV preparation. However, with higher PDR and ADR, HV should still be considered as the reference standard for clinical trials and the preferred option in screening colonoscopy, especially when colonoscopy is performed with standard resolution imaging.
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Core Tip: Quality of bowel preparation is one of the main factors influencing outcomes of colonoscopy. This prospective real-life study compared bowel cleansing (according to the Boston Bowel Preparation Scale), clinically relevant colonoscopy outcomes (lesions detection rate) and tolerability of a standard high-volume bowel preparation and a low-volume preparation (2 L polyethylene glycol + bisacodyl). Even if the two study groups did not show differences in terms of adequate bowel preparation, the use of the high-volume preparation was associated with higher polyp and adenoma detection rates. There were no differences in terms of advanced adenomas, sessile/serrated lesions and cancer detections. Performance of low-volume preparation seems influenced by image resolution of colonoscopes, with fewer lesions detected compared to high-volume when using standard-definition colonoscopes. The two preparations were comparable in terms of patients’ self-reported tolerability, but complete adherence to preparation was more common with the low-volume product.


INTRODUCTION
The clinical performance of colonoscopy is markedly influenced by the quality of bowel preparation. In fact, inadequate bowel preparation has proved to have a detrimental effect on different clinically significant outcomes, such as complete colonoscopy rate[1-3], polyp (PDR) and adenoma detection rates (ADR)[4-6]. Moreover, inadequate preparation may require to repeat the procedure, with the subsequent increase in waiting times, risks and costs[7,8]. Large volumes (4 L) of polyethylene glycol (PEG) have been classically prescribed to achieve adequate cathartic effect. Over the past years, several low-volume preparations have been developed to increase the patients’ acceptability, compliance and willingness to repeat the procedure. Randomized controlled trials (RCTs) and some meta-analysis have shown that low-volume preparations have similar efficacy in terms of adequate bowel preparation rate compared to high-volume preparations[9-15], however two meta-analysis[16,17] reported a superiority of high-volume PEG over low-volume PEG. Moreover, the direct comparison of clinical outcomes such as ADR is available only in a minority of trials[11,12], and real-life data suggest higher detection rates with high-volume preparations[18].
Therefore, we have performed a real-life study to (1) compare efficacy of HV and LV preparations by means of adequate bowel preparation rate and detection of colonic lesions; and (2) to compare self-reported tolerability of different regimens.

MATERIALS AND METHODS
Study design and subjects
We prospectively enrolled the consecutive patients referred for colonoscopy to the Digestive Endoscopy Outpatient Service of IRCCS Policlinico San Donato between 1 December 2014 and 31 December 2016. The patients enrolled in the regional colorectal cancer screening program were not included as in our Center they are all advised to use high-volume PEG-based preparation. If a patient underwent multiple colonoscopies during the study period, only the first procedure was taken into account for the study.
The exclusion criteria were: inability to give informed consent, use of cleansing products different from the recommended ones, incomplete patient forms as to the type of preparation used, incomplete colonoscopy because of a pathological stricture. 
At the time of booking the examination, all the patients received written detailed instructions about the diet regimen (no fruit, legumes, or vegetables for 3 d before the procedure; light breakfast and lunch the day before colonoscopy, followed by clear liquids only) and about bowel preparation. Instructions contained an introductory paragraph underlying the importance to adhere to the prescriptions provided in order to increase the chance to achieve good diagnostic and therapeutic results and to reduce adverse events of colonoscopy. Patients were free to choose either a high-volume (HV) or a low-volume (LV) preparation. The HV preparation (SELG ESSE; Promefarm, Italy) was a PEG 4000 solution plus simethicone and electrolytes that had to be diluted in 4L still water, while the LV preparation was a combination of a PEG 4000 solution plus simethicone and electrolytes (Lovol-Esse; Alfasigma, Italy) diluted in 2 L still water and the stimulant laxative bisacodyl (Lovoldyl; Alfasigma, Italy). In the written instructions handed to the patients, the two preparations were stated as equally effective and tolerated and complete free choice was left to patients’ preferences. The preparations were listed with the HV preparation first. 
For the procedures planned before 12:00 pm, the patients were instructed to take the entire quantity of the PEG solution the evening before colonoscopy, starting from 7 pm; in case of LV preparation, 4 tablets (20 mg) of bisacodyl were also taken at 3:00 pm. For afternoon procedures a split-dose regimen was prescribed: half the dose of PEG was taken in the afternoon before and half the dose at 7:00 a.m. in the morning on the day of the colonoscopy; in case of LV preparation 20 mg bisacodyl was taken at sleep time.
The study was approved by the local Ethics Committee of San Raffaele Hospital and a specific written informed consent was taken from all the study participants. The study was conducted in accordance with the Declaration of Helsinki 1975 and subsequent amendments.

Colonoscopy
All the procedures were performed under mild-to-moderate sedation (midazolam ± pethidine i.v.) by 5 experienced endoscopists (> 1000 colonoscopies overall, > 300/year), well-trained in the use of bowel preparation rating scales and blinded to the content of the patient form and to the preparation taken. The indication for colonoscopy was collected by the endoscopist matching medical prescription and pre-colonoscopy interview, following the standard clinical protocol. The endoscopes used were either standard-definition (SD) or high-definition (HD) scopes by Pentax (Tokyo, Japan)

Data collection
On the morning of colonoscopy, the patients were asked to fill a specific questionnaire covering the kind of bowel preparation used (HV or LV), amount of PEG solution taken (the 75% threshold was chosen to define the PEG intake as “full”), time of the exam, demographics, morphometrics, social circumstances (living alone, instruction level) and clinical data. The questionnaire included a specific section about personal bowel habits (Bristol stool chart, frequency of bowel movements per week). Constipation was defined as Bristol stool chart type 1-2 and less than 3 bowel movements/week, and/or chronic constipation as indication for colonoscopy. The form also contained a section about general satisfaction about the used preparation [evaluated by visual analogue scale (VAS) score, from 0 = ’absolutely unsatisfied’ to 10 = ’perfectly satisfied’] and symptoms (nausea, vomit, bloating, abdominal pain) experienced during the preparation.
The quality of bowel preparation was assessed using the Boston bowel preparation scale (BBPS)[19]. Bowel preparation was defined adequate if a global score ≥ 6 with segmental scores ≥ 2 in all colonic segments was achieved. For any patients with previous bowel resection, the preparation was considerate adequate if all the segmental sub-scores were ≥ 2.
The number, size and final histology of lesions resected or biopsied during the procedures were collected. PDR, ADR, advanced adenoma (adenomas ≥ 1 cm or with villous component or harboring high-grade dysplasia) detection rate (AADR), sessile/serrated lesion detection rate (SDR, excluding hyperplastic polyps) and cancer detection rate were calculated.

Statistical analysis
Considering an expected adequate preparation rate of 87.1% with LV preparation and of 92.5% with HV preparation from a previous study[20], power of 90% with an alpha error of 0.05, we estimated that 1384 patients would be sufficient. A possible drop-out rate of 30% was considered for the study, therefore the final required sample size was 1977 patients.
The descriptive statistics were expressed as counts and percentages for categorical variables and mean ± SD or median (interquartile ranges, IQR) for continuous variables, as appropriate. Normality assumption was to be tested in continuous variables by visual inspection of the qq-plot.
The association between bowel preparation and baseline variables was investigated with the χ2 test for categorical variables; the continuous variables were compared by analysis of variance ANOVA or by the non-parametric Kruskal–Wallis test for non-normally distributed data.
Univariate and multi-variate logistic regression was used to identify if adequate bowel preparation and volume of bowel preparation were independently associated with clinical outcomes (PDR, ADR, AADR, SDR and cancer). Multivariate analysis was performed considering age (as a continuous variable), sex and indications for colonoscopy [positive fecal blood test (FBT), surveillance, symptoms or inflammatory bowel disease (IBD)]. Separate analysis was also performed considering the type of colonoscopes used (HD or SD imaging). Odds ratios (ORs) with their corresponding 95%CIs were calculated, and P values were considered statistically significant if they were less than 0.05.
Statistical analysis was carried out by computer software SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS
Total 2040 patients were enrolled and 1815 patients (mean age 60.6 years, 50.2% male) were finally included according to exclusion criteria (study flowchart in supplementary figure 1). 944 patients (52%) chose a LV preparation, while 871 patients (48%) preferred a HV preparation. 750 patients (41.3%) had their colonoscopy scheduled in the afternoon and thereafter used a split-dose regimen; the use of a split-dose regimen was more common in the HV group (44.7% vs 38.2%, P = 0.0055). 
Indications for colonoscopy were symptoms (altered bowel movements, anemia or bleeding, abdominal pain) in 60.6%, post-polypectomy or post-colorectal cancer surveillance in 24.0%, positive FBT in 8.3% and follow-up of known IBD in 7.1% of the cases. Positive FBT was more common in the HV group and known IBD in the LV group. The patients in the HV preparation group were more frequently male, had higher body mass index and more frequently had a cardiac disease and a low-level education. There were no statistically significant differences in terms of age and other possible risk factors for poor bowel preparation (previous abdominal/pelvic surgery, constipation, living-alone status or non-adherence to low-fiber dieting before colonoscopy). HD colonoscopes were used in 606 patients (33.4%), without difference in the two groups (P = 0.605) (Table 1). 
Overall, adequate preparation was observed in 1595/1815 (87.9%) patients. Complete colonoscopy was possible in 1793 patients (98.8%). At least one polypoid lesion was found in 520/1815 colonoscopies (PDR 28.7%). Histology revealed at least one adenoma in 381/1815 colonoscopies (ADR 20.1%) and at least one sessile/serrated lesion in 28/1815 colonoscopies (SDR 1.5%). Non adenomatous/non serrated lesions were mostly hyperplastic (n = 81) or inflammatory (n = 23) polyps, with less common histology encountered in 7 cases.
Adequate bowel preparation was associated with a higher complete colonoscopy rate (99.7% vs 92.5%, OR 24.05, 95%CI: 7.82–73.92, P < 0.001), higher PDR (29.8% vs 20.1%, OR 1.69, 95%CI: 1.20–2.40, P = 0.003) and ADR (21.8% vs 15.5%, OR 1.52, 95%CI: 1.04–2.23, P = 0.033), while no significant differences were found in AADR, cancer detection and SDR (Table 2). 
PDR, ADR, AADR and cancer rates were higher in the positive FBT group, followed by the surveillance, symptoms and IBD groups (Supplementary table 1). The use of HD instruments was related to significantly higher ADR (P = 0.040) compared to standard definition instruments, without significant difference in other clinical outcomes (Supplementary table 2).

Efficacy of bowel preparation
The adequacy of preparation was independent of the use of HV or LV preparations (89.2% vs 86.6%, P = 0.098). The split-dose schedule was superior to day-before for either HV (93.8% vs 85.5%, P < 0.001) or LV preparation (93.6% vs 82.3%, P < 0.001). Also considering the two different schedules, there was no difference among HV and LV preparation (HV split-dose 93.8% vs LV split-dose 93.6%, P = 1; HV day-before 85.5% vs LV day-before 82.3%, P = 0.182) (Figure 1). The efficacy of HV and LV preparations was similar in all the colonic segments (Supplementary figure 2), irrespective of the use of the day-before or a split-dose schedule (Supplementary figure 3). 
The mean global BBPS scores were higher with HV preparations compared to LV (overall: 7.1 ± 1.7 vs 6.8 ± 1.6, P < 0.001; day-before schedule: 6.9 ± 1.7 vs 6.6 ± 1.7, P = 0.003; split-dose schedule: 7.5 ± 1.6 vs 7.2 ± 1.5, P = 0.019).

Clinical endpoints
As compared to LV preparation, HV preparation was associated with higher PDR (32.5% vs 25.1%, OR 1.43, 95%CI: 1.17–1.76, P < 0.001), higher ADR (24.1% vs 18.1%, OR 1.44, 95%CI: 1.14-1.80, P = 0.002) and higher AADR (6.4% vs 3.7%, OR 1.79, 95%CI: 1.16–2.75, P = 0.009) without differences in cancer detection and SDR. After adjustment for age, sex and indication for colonoscopy, the difference remained statistically significant for PDR (adjusted OR 1.320, 95%CI: 1.07-1.63, P = 0.011) and for ADR (adjusted OR 1.29, 95%CI: 1.02-1.63, P = 0.038) but not for AADR (adjusted OR 1.51, 95%CI: 0.97–2.35, P = 0.069) (Table 3). 
HV and LV preparations were associated to comparable PDR, ADR, AADR, SDR and cancer detection when colonoscopy was performed under HD endoscopic imaging (Table 4). On the contrary, the use of HV preparation was linked to significantly higher PDR, ADR and AADR compared to LV preparation in patients receiving colonoscopy with SD imaging, after adjustment for age, sex and indications for colonoscopy (Table 5). 
The use of the split-dose schedule was not linked with significantly better clinical outcomes as compared to day-before for either HV or LV preparations (Table 6).

Tolerability
Overall, HV and LV preparations were equally well tolerated (median VAS score 7, interquartile range 5-9 for both preparations). Total 860 patients (47.4%) reported gastrointestinal symptoms during preparation: nausea (26.5%) and bloating (19.9%) were the most frequently self-reported symptoms. The occurrence of nausea, vomiting and abdominal pain was more frequent among the patients in the LV group (Table 7). Self-reported incomplete (i.e., ≤ 75%) intake of the PEG solution was more common in the HV group (7.9% vs 5.4%, P = 0.003). For the HV preparation the split-dose regimen was related to better tolerability (higher VAS score) as compared to day-before, even if with no differences in terms of reported symptoms. For the LV preparation, the split-dose regimen was related to lower incidence of symptoms (in particular nausea and bloating) (Table 8).

DISCUSSION
The standard high-volume PEG-based preparation is safe and effective, but even in clinical studies a significant proportion of patients is unable to take all the prescribed dose[21] with detrimental effect on its efficacy. RCTs and some meta-analyses have shown a comparable efficacy of different low-volume preparations compared to high-volume PEG[9,10,13-15,22], and the use of these preparations is now recommended in both the European[23] and North American[24] guidelines. However, robust comparisons in RCTs between HV and LV preparations in terms of clinically relevant outcomes (such as ADR) are missing, in particular for the two most recently introduced LV preparations: 2 L PEG plus citrate and 1L PEG plus ascorbate. The former has been compared to HV preparation in a RCT[14] in terms of adequate bowel preparation rate and tolerability but not in terms of lesions detection rates, while the latter has been compared in RCTs[25-27] only to other low-volume preparations. Moreover, real-life data are scarce and conflicting: a recent real-life direct comparison of 1 L PEG plus ascorbate and HV preparation[28] has showed higher cleansing success and tolerability in the LV group, but did not analyze lesions detection. Lesions detection rates were not reported also in a recently presented abstract comparing HV and 2 L PEG plus ascorbate and sodium sulfate[29]. In addition, a recent prospective observational study has shown better cleansing results and higher ADR and AADR with 4 L PEG compared to lower volume preparations[18].
In our real-life setting, we confirmed that the low-volume PEG plus bisacodyl preparation is equally effective than HV in all the colonic segments (while some studies have shown worse performances of low-volume preparations in the right colon[30]) and irrespective of the intake schedule, with split-dose regimens largely superior to day-before ones. In particular, it is to note that the split LV preparation was as effective as the split HV preparation, confirming the results achieved in a recent meta-analysis[22], in opposition to previous ones[16,17]. 
Overall, 87.9% of our patients achieved adequate preparation. This result is in line or superior to the results reported in the literature[31,32], even if slightly inferior to the 90% target proposed by the European Society of Gastrointestinal Endoscopy in 2019[33]. We confirmed the importance of bowel preparation in terms of relevant outcomes such as complete colonoscopy rate, PDR and ADR, while we did not find differences in terms of AADR, SDR and cancer detection. Advanced adenomas and cancers are usually bigger lesions, easier to find even in a not well-prepared colon[6], while the SDR result can be explained by their low prevalence in our population. 
Quite surprisingly, only a slight majority of patients (52%) preferred the LV preparation over the standard HV. This may be partially explained by the order in which the two preparations were listed in the instructions handed to the patients (HV preparation listed first). Even if stated equally effective in the instructions given, it is also possible that the patients perceived more effective a high-volume preparation and leaned towards that choice, especially for “strong” indications such as positive FBT. In fact, we have observed a different distribution of indications for colonoscopy in the two study groups. While FBT-positive patients chose more frequently the HV preparation, the large majority (75.2%) of IBD patients chose LV preparation. Women also used more frequently the LV preparation, while we did not find any age-related difference. Interestingly, 52% of patients with colonoscopy planned in the afternoon chose the HV preparation. This may suggest that the possibility to reduce the volume of PEG was not felt so compelling once given the possibility to split its assumption. 
Quite surprisingly, despite similar efficacy in terms of bowel cleansing, the use of the HV preparation was related to higher PDR, ADR and AADR compared to the LV preparation. To remove confounding factors due to the absence of randomization, we adjusted the OR considering three main characteristics related to the prevalence of colorectal lesions such as age, sex and indication. Even after this adjustment, the HV preparation showed better results, with a statistically significant difference for PDR (adjusted OR 1.32, P = 0.011) and ADR (adjusted OR 1.29, P = 0.038). This result is unlikely to be explained by the more frequent use of split-dose in the HV group, considering that we did not find differences in lesions detection among split and day-before schedules. The type of colonoscopes used seems to have a relevant role in our study. HD colonoscopes, that have shown better diagnostic performances compared to SD ones[34], were used in a similar proportion of patients in the two groups. However, while we did not observe a difference in performance in the two preparations with HD instruments, performance of LV preparation was significantly inferior to HV in terms of lower PDR, ADR and AADR when SD imaging colonoscopy was adopted. This is likely to be linked to the lower mean BBPS score observed in patients using LV preparation. We hypothesize that the persistence of some fluids in the bowel lumen may reduce visibility of lesions, especially when SD scopes are used. Our results suggest that the use of SD definition colonoscopes in patients prepared with LV preparation should be avoided because of an increased risk of missed lesions.
About tolerability, LV preparations[10,14] and in particular 2 L PEG plus bisacodyl[9] were found to be better tolerated as compared to high-volume PEG in previous RCTs. On the contrary, we have observed more self-reported gastrointestinal symptoms such as nausea, vomiting and abdominal pain in the LV group. This result can be explained by the real-life observational design of our study, rather than reflecting an intrinsic lower tolerability of the LV preparation. Nonetheless, these GI symptoms affected neither the patients’ adherence nor tolerability. In fact, the LV preparation was judged as tolerable as the HV preparation according to the VAS scale, and it was more frequently taken completely. The use of a split-dose regimen increased the reported tolerability of both the HV (higher VAS score) and the LV (less frequent symptoms) preparations, as previously shown in RCTs and meta-analyses[17,35].
We recognize that our study has several limitations. The most important limitation is the adoption of day-before schedule for morning procedures; day-before preparations are not recommended by guidelines because of its inferior efficacy when compared to split-dose, as confirmed by our results. Due to the extension of the metropolitan area served by our center, however, we decided to maintain the possibility to choose a day-before regimen. In fact, living far from the endoscopic centers has been demonstrated to be a significant limitation for adherence to split dose regimen, especially for early morning scheduled colonoscopy[36]. Secondly, the opportunity to leave the choice of the preparation to the patient may be debatable. However, both the preparations used in this study are equally recommended by international guidelines[23,24] and clinical criteria to prefer a specific preparation over another in a specific patient are lacking. Thirdly, as compared to RCTs, the real-life “patients-determined” allocation among different study groups could result in an unbalanced distribution of risk factors. Even if most of the baseline characteristics were comparable in the two study groups, the higher number of male and FBT-positive patients in the HV group could lead to overestimation of performances of HV preparation. However, we performed multivariate analysis considering these factors to provide reliable adjusted odds ratio for lesions detection rates in the two study groups. Fourthly, in our study HD scopes were used only in approximately one-third of cases. We recognize that the use of HD colonoscopes is preferable over SD because of better mucosal visualization. However, SD colonoscopes are still widely used in many centers worldwide. For this reason, we think that our real-life observation that LV preparations could be less effective combined with SD scopes may be of particular interest. Lastly, the single-center observational design implies the risk of sub-optimal reproducibility. However, the large sample size and the prospective nature of this study support our results. On the other hand, additional strengths of our study consist in the blindness of the endoscopists to the type of preparation taken, the use of a well-validated bowel preparation scale and the available histology for all the resected lesions.

CONCLUSION
To resume, this large prospective single-blinded real-life study reveals that adequate bowel cleansing can be equally achieved by means of either HV or LV preparation, showing better result with split dosage. However, in the real-life setting the HV preparation is associated with higher PDR and ADR as compared to the LV preparation, due to reduced performances of LV preparation when SD colonoscopes are used. Our results suggest that the HV preparation should still be proposed as one of the preferred options in screening colonoscopy, and that the use of LV preparations should be avoided in average-to-high risk patients if HD scopes are not available. Looking forward to large multi-center real-life studies, we believe that 4L PEG should be still considered the reference standard for new RCTs assessing both the bowel cleansing and the ADR in screening colonoscopy.

ARTICLE HIGHLIGHTS
Research background
Colonoscopy is a key procedure for the diagnosis of several colorectal pathologies and for prevention of colorectal cancer. The diagnostic yield of colonoscopy is strongly influenced by quality of bowel preparation. In the last years, several low-volume (LV) preparations have been introduced with the aim to improve patients’ adherence and compliance. 

Research motivation
LV preparations have demonstrated similar cleansing effects compared to standard, high-volume (HV) preparation in randomized controlled trials. However, few real-life studies have compared these two types of preparation in terms of clinically relevant outcomes such as lesions detection.

Research objectives
Primary aim of our study was to compare the real-life efficacy of a standard HV preparation (4 L polyethylene glycol) and of a LV preparation (2 L polyethylene glycol with bisacodyl), either in terms of adequate bowel preparation rate (defined as Boston Bowel Preparation Scale score ≥ 2 in all bowel segments) or in terms of lesions detection. Secondary aim was to compare patients’ self-reported adherence and tolerability.

Research methods
A prospective study was conducted from 1 December 2014 to 31 December 2016, enrolling all the consecutive outpatients referred for colonoscopy in a single endoscopy center in Italy. Patients were free to choose one of the two proposed preparations (HV or LV). A questionnaire was administered to the patients to collect comorbidities, type of preparation chosen, adherence to preparation and tolerability. Indications for colonoscopy, type of scope used (high-definition, HD, or standard-definition, SD), Boston Bowel Preparation Scale (BBPS) score for each colonic segment, histology of all the lesions resected or biopsied were collected. 

Research results
LV was chosen by 52% of patients (50.8% of men, 54.9% of women). HD scopes were used in 33.4% of patients, without difference in the two groups (P = 0.605). There was no difference between HV and LV preparations in terms of adequate bowel preparation, even if mean global BBPS score was higher for HV preparation when compared to LV. Compared to LV, HV preparation resulted higher in polyp detection rate (PDR) but not in advanced adenoma detection rate (AADR) and cancer detection rate. Considering the type of colonoscope used, we observed lower PDR, adenoma detection rate (ADR) and AADR with LV preparation with SD colonoscopes, without differences between the two preparations with HD instruments.

Research conclusions
Despite similar adequate bowel preparation rate among the two preparations compared, we observed higher PDR, ADR and AADR with HV preparation compared to LV. The difference is mainly observed when SD endoscopes are used. The two preparations were stated as equally tolerated by the patients, but self-reported adherence was higher with LV. 

Research perspectives
In the last years we have observed an increasing trend towards the use of LV preparations to increase patients’ satisfaction. However, primary aim of bowel preparation is to minimize the risk of missing colorectal lesions. Further studies, either randomized controlled trials or real-life studies, are warranted to compare efficacy in lesions detection of new LV products to standard HV preparation.
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Figure Legends
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Figure 1 Frequency of adequate preparations (Boston Bowel Preparation Scale ≥ 2 in all bowel segments) according to volume and schedules of preparations. NS: Not significant; HV: High volume; LV: Low volume.


Table 1 Demographic and clinical features of the study population, n (%)
	Characteristics
	High volume (n = 871)
	Low volume (n = 944)
	P value1

	Age
	61.2 ± 14.3
	60.1 ± 14.6
	0.092

	Male sex
	463 (53.2)
	448 (47.5)
	0.0153

	Split-dose
	389 (44.7)
	361 (38.2)
	0.0063

	High-definition colonoscope
	
296 (33.9)
	
310 (32.8)
	
0.605

	Indication

	Symptoms
	538 (61.8)
	563 (59.6)
	

	Surveillance
	
	
	< 0.0013

	Post polypectomy
	134 (15.4)
	154 (16.3)
	

	Post colonic resection for CRC
	73 (8.4)
	73 (7.7)
	

	Positive FBT
	94 (10.8)
	57 (6.1)
	

	IBD
	32 (3.6)
	97 (10.3)
	

	BMI, mean ± SD2
	25.5 ± 4.3
	25.0 ± 4.0
	0.0153

	Previous abdominal surgery
	98 (11.3)
	96 (10.2)
	0.456

	Constipation
	66 (7.6)
	86 (9.1)
	0.239

	Comorbidities
	
	
	

	Heart disease 
	90 (10.3)
	65 (6.9)
	0.0093

	Diabetes
	72 (8.3)
	65 (6.9)
	0.266

	Stroke/dementia
	19 (2.2)
	25 (2.6)
	0.518

	Severe CKD
	21 (2.4)
	15 (1.6)
	0.209

	Cirrhosis
	12 (1.4)
	13 (1.4)
	0.999

	GERD
	192 (22.0)
	219 (23.2)
	0.557

	Waiting time > 1 mo
	485 (55.7)
	570 (60.4)
	0.0903

	Non-adherence to low fiber diet
	91 (10.5)
	112 (11.9)
	0.329

	Lives alone2
	123 (14.8)
	149 (16.3)
	0.395

	Low instruction2
	157 (19.6)
	122 (14.1)
	0.0023


1P value degrees of freedom = 1, except for age (1814), indication (4) and body mass index (BMI) (1726).
2BMI available for 1727 patients; information about living alone available for 1747 patients; instruction level available for 1662 patients.
3Significant different.
CRC: Colorectal cancer; FBT: Fecal blood test; IBD: Inflammatory bowel disease; BMI: Body mass index; CKD: Chronic kidney disease; GERD: Gastroesophageal reflux disease.

[bookmark: _Hlk66641025]Table 2 Clinical outcomes according to quality of preparation, n (%)
	Outcome
	Adequate preparation (n = 1595)
	Inadequate preparation (n = 220)
	OR (95%CI)
	P value1

	Complete examination
	1590 (99.7)
	203 (92.3)
	26.63 (9.72-72.96)
	< 0.0012

	PDR
	476 (29.8)
	44 (20.1)
	1.69 (1.20-2.40)
	0.0032

	ADR
	347 (21.8)
	34 (15.5)
	1.52 (1.04-2.23)
	0.0332

	AADR
	82 (5.1)
	9(4.1)
	1.27 (0.63-2.57)
	0.505

	Cancer
	27 (1.7)
	7 (3.2)
	0.52 (0.23-1.22)
	0.133

	SDR
	26 (1.6)
	2 (0.9)
	1.81 (0.43-7.66)
	0.423


1P value degrees of freedom = 1.
2Significant different.
OR: Odds ratio; PDR: Polyp detection rate; ADR: Adenoma detection rate; AADR: Advanced adenoma detection rate; SDR: Sessile lesion detection rate.

[bookmark: _Hlk66641772]
Table 3 Clinical outcomes according to volume of bowel preparation, n (%)
	Outcome
	High volume (n = 871)
	Low volume (n = 944)
	OR (95%CI)
	P value1
	Adjusted2 OR 
(95%CI)
	P value2

	PDR
	283 (32.5)
	237 (25.1)
	1.43 (1.17–1.76)
	< 0.0013
	1.32 (1.07–1.63)
	0.0113

	ADR
	210 (24.1)
	171 (18.1)
	1.44 (1.14–1.80)
	0.0023
	1.29 (1.02–1.63)
	0.0383

	AADR
	56 (6.4)
	35 (3.7)
	1.79 (1.16–2.75)
	0.0093
	1.51 (0.97–2.35)
	0.069

	Cancer
	19 (2.2)
	15 (1.6)
	1.38 (0.70–2.74)
	0.354
	
	

	SDR
	16 (1.8)
	12 (1.3)
	1.45 (0.68–3.09)
	0.331
	
	


1P value degrees of freedom = 1.
2Adjustment for age (as a continuous variable), sex and indications for colonoscopy; P value degrees of freedom = 7.
3Significant different.
OR: Odds ratio; PDR: Polyp detection rate; ADR: Adenoma detection rate; AADR: Advanced adenoma detection rate; SDR: Sessile lesion detection rate.

Table 4 Clinical outcomes according to volume of bowel preparation, high-definition colonoscopes, n (%)
	Outcome
	High volume (n = 296)
	Low volume (n = 310)
	OR (95% CI)
	P value1

	PDR
	97 (32.7)
	93 (30.0)
	1.13 (0.81–1.60)
	0.462

	ADR
	70 (23.6)
	74 (23.9)
	0.99 (0.68–1.44)
	0.948

	AADR
	21 (7.1)
	17 (5.5)
	1.31 (0.68–2.54)
	0.415

	Cancer
	5 (1.7)
	5 (1.6)
	1.05 (0.30–3.66)
	0.941

	SDR
	4 (1.4)
	4 (1.3)
	1.05 (0.26–4.23)
	0.947


1P value degrees of freedom = 1.
OR: Odds ratio; PDR: Polyp detection rate; ADR: Adenoma detection rate; AADR: Advanced adenoma detection rate; SDR: Sessile lesion detection rate.

Table 5 Clinical outcomes according to volume of bowel preparation, standard-definition colonoscopes, n (%)
	Outcome
	High volume (n = 575)
	Low volume (n = 634)
	OR (95%CI)
	P value1
	Adjusted2 OR (95%CI)
	P value2

	PDR
	186 (32.3)
	144 (22.7)
	1.63 (1.26–2.10)
	< 0.0013
	1.59 (1.22–2.08)
	< 0.0013

	ADR
	140 (24.3)
	97 (15.3)
	1.78 (1.34–2.38)
	< 0.0013
	1.71 (1.26–2.30)
	< 0.0013

	AADR
	35 (6.1)
	18 (2.8)
	2.23 (1.24–3.96)
	0.0073
	1.97 (1.09–3.56)
	0.0253

	Cancer
	14 (2.4)
	10 (1.6)
	1.56 (0.69–3.53)
	0.289
	
	

	SDR
	12 (2.1)
	8 (1.3)
	1.67 (0.68–4.11)
	0.266
	
	


1P value degrees of freedom = 1.
2Adjustment for age (as a continuous variable), sex and indications for colonoscopy; P value degrees of freedom = 7.
3Significant different.
OR: Odds ratio; PDR: Polyp detection rate; ADR: Adenoma detection rate; AADR: Advanced adenoma detection rate; SDR: Sessile lesion detection rate.


Table 6 Clinical outcomes of high and low-volume preparations according to different schedules, n (%)
	


Outcome
	High volume day before (n = 482)
	High volume split-dose (n = 389)
	P value1
	Low volume day before (n = 583)
	Low volume split-dose (n = 361)
	P value1

	PDR
	149 (30.9)
	134 (34.4)
	0.277
	145 (24.9)
	92 (25.5)
	0.833

	ADR
	108 (22.4)
	102 (26.2)
	0.191
	103 (17.7)
	68 (18.8)
	0.650

	AADR
	30 (6.2)
	26 (6.7)
	0.783
	20 (3.4)
	15 (4.2)
	0.567

	Cancer
	11 (2.3)
	8 (2.1)
	0.827
	6 (1.0)
	9 (2.5)
	0.088

	SDR
	5 (1.0)
	11 (2.8)
	0.050
	8 (1.4)
	4 (1.1)
	1.000


1P value degrees of freedom = 1.
PDR: Polyp detection rate; ADR: Adenoma detection rate; AADR: Advanced adenoma detection rate; SDR: Sessile lesion detection rate.

Table 7 Self-reported tolerability of bowel preparations according to volume, n (%)
	[bookmark: _Hlk25790538]
	Total (n = 1815)
	High volume (n = 871)
	Low volume (n = 944)
	P value1

	Global tolerance, VAS score2, median (interquartile range)
	7 (5-9)
	7 (5-9)
	7 (5-9)
	0.627

	[bookmark: _Hlk9438797]Incomplete preparation (< 75% of PEG assumed)
	116 (6.6)
	67 (7.9)
	49 (5.4)
	0.0323

	Any symptom during preparation
	860 (47.4)
	369 (42.4)
	491 (52)
	< 0.0013

	Bloating
	363 (20)
	183 (21)
	180 (19.1)
	0.301

	Nausea
	480 (26.5)
	187 (21.5)
	293 (31)
	< 0.0013

	Vomiting
	174 (9.6)
	55 (6.3)
	119 (12.6)
	< 0.0013

	Abdominal pain
	281 (15.5)
	104 (11.9)
	177 (18.8)
	< 0.0013


1P value degrees of freedom = 1.
2Visual analogue scale: 0 absolutely non-tolerated, 10 perfectly tolerated. Data available for 1772 patients. 
3Significant different.
VAS: Visual analogue scale; PEG: Polyethylene glycol.

Table 8 Tolerability of high and low-volume preparations according to different schedules, n (%)
	
	High volume one-day (n = 482)
	High volume split dose (n = 389)
	P value1
	Low volume one-day (n = 583)
	Low volume split dose (n = 361)
	P value1

	Global tolerance, VAS score2, median (interquartile range)
	7 (5-8)
	7 (5-9)
	0.0063
	7 (5-9)
	7 (5-9)
	0.033

	Incomplete preparation 
	37 (7.9)
	30 (7.9)
	0.994
	31 (5.5)
	18 (5.2)
	0.840

	Any symptom during preparation
	211 (43.8)
	158 (40.6)
	0.384
	324 (55.6)
	167 (46.3)
	0.0053

	Bloating
	103 (21.4)
	80 (20.6)
	0.772
	126 (21.6)
	54 (14.9)
	0.0113

	Nausea
	112 (23.2)
	75 (19.3)
	0.158
	196 (33.6)
	97 (26.9)
	0.0293

	Vomiting
	33 (6.9)
	22 (5.7)
	0.473
	73 (12.5)
	46 (12.7)
	0.921

	Abdominal pain
	54 (11.2)
	50 (12.9)
	0.455
	105 (18.0)
	72 (19.9)
	0.459


1P value degrees of freedom = 1.
2Visual Analogue Scale: 0 absolutely non-tolerated, 10 perfectly tolerated. Data available for 1772 patients.
3Significant different.
VAS: Visual analogue scale.
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