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Abstract
Adequate bowel cleansing is critical for a high-quality colonoscopy because it affects diagnostic accuracy and adenoma detection. Nevertheless, almost a quarter of procedures are still carried out with suboptimal preparation, resulting in longer procedure times, higher risk of complications, and higher likelihood of missing lesions. Current guidelines recommend high-volume or low-volume polyethylene glycol (PEG)/non-PEG-based split-dose regimens. In patients who have had insufficient bowel cleansing, the colonoscopy should be repeated the same day or the next day with additional bowel cleansing as a salvage option. A strategy that includes a prolonged low-fiber diet, a split preparation regimen, and a colonoscopy within 5 h of the end of preparation may increase cleansing success rates in the elderly. Furthermore, even though no specific product is specifically recommended in the other cases for difficult-to-prepare patients, clinical evidence suggests that 1-L PEG plus ascorbic acid preparation are associated with higher cleansing success in hospitalized and inflammatory bowel disease patients. Patients with severe renal insufficiency (creatinine clearance < 30 mL/min) should be prepared with isotonic high volume PEG solutions. Few data on cirrhotic patients are currently available, and no trials have been conducted in this population. An accurate characterization of procedural and patient variables may lead to a more personalized approach to bowel preparation, especially in patients undergoing resection of left colon lesions, where intestinal preparation has a poor outcome. The purpose of this review was to summarize the evidence on the risk factors influencing the quality of bowel cleansing in difficult-to-prepare patients, as well as strategies to improve colonoscopy preparation in these patients.
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Core Tip: Almost a quarter of procedures are still performed with inadequate preparation. A strategy that includes a low-fiber diet for an extended period of time, a split preparation regimen, and a colonoscopy within 5 h of the end of preparation may improve cleansing success rates in the elderly. In addition, while no specific product is recommended for difficult-to-prepare patients, clinical evidence suggests that 1-L polyethylene glycol (PEG) plus ascorbic acid preparation is associated with higher cleansing success in hospitalized and inflammatory bowel disease patients. Isotonic high volume PEG solutions should be given to patients with severe renal failure.

INTRODUCTION
One of the most commonly used techniques for diagnosing colorectal diseases is colonoscopy. Furthermore, it is important in colorectal cancer (CRC) screening because early detection is linked to a long-term reduction in malignancy incidence and mortality[1,2].
As is well known, the quality of a colonoscopy is entirely dependent on adequate bowel cleansing, which can affect diagnostic accuracy and the rate of adenoma detection (ADR)[3]. Inadequate bowel preparation, on the other hand, leads to decreased sensitivity to colonoscopy, increased procedural time, a higher risk of adverse events, and a greater likelihood of having to repeat the exam at a higher cost[4-7].
This is a critical topic because data from the literature show that a quarter of procedures still have suboptimal preparation[8]. Similarly, a large Italian study discovered that poor preparation occurs in approximately 17% of colonoscopies[9], and results from the United Kingdom screening program confirmed that inadequate preparation accounts for more than 20% of incomplete procedures[10]. Finally, data from a recent survey of sixty-four Italian screening centers revealed that only 29% of centers meet the minimum standard of at least 90% colonoscopies with adequate cleansing[11].
The type of bowel preparation, split-dose regimen, low-fiber diet, comorbidities, concomitant medications, inpatient status, and elderly age have all been found to affect the quality of bowel cleansing (Figure 1)[12]. Some of these variables, such as the type of solution, preparation regimen, and diet, are modifiable risk factors. In this regard, recent scientific advances have resulted in the introduction of new effective bowel cleansing solutions and reinforced the importance of specific preparation regimens.
On the other side, factors such as age or comorbidities are not modifiable and not susceptible to intervention. This makes it more difficult to intervene to increase the quality of bowel cleansing in specific conditions, also considering that guidelines do not provide specific recommendations for patients with multiple risk factors[13].
The purpose of this review is to summarize the evidence on the risk factors that influence the quality of cleansing in difficult-to-prepare patients, as well as strategies to improve colonoscopy preparation in these patients.

FACTORS INFLUENCING THE QUALITY OF BOWEL PREPARATION
Type of solution and tolerability
Several laxatives are currently available and have been studied, with varying efficacy and tolerability.
Among these solutions are polyethylene glycol plus ascorbate (PEG-ASC) (4-L, 2-L, and 1-L), 2-L PEG plus citrate, 2-L PEG plus Bisacodyl, magnesium citrate plus picosulphate (MCSP), and trisulfate (magnesium sulfate, sodium sulfate, and potassium sulfate), also known as oral sulfate solution (OSS).
[bookmark: _Hlk126678340][bookmark: _Hlk126678475][bookmark: _Hlk126678261]A meta-analysis of PEG solutions discovered that split-dose high-volume PEG was more effective than other options, including low-volume regimens [odds ratio (OR) = 3.46, 95% confidence interval (95%CI) 2.45-4.89][14]. Another meta-analysis comparing split-dose high-volume PEG to split-dose low-volume PEG found that high-volume regimens were superior (OR = 1.89, 95%CI 1.01-3.46)[15]. Nonetheless, because high-volume solutions may reduce patient compliance, resulting in suboptimal preparation, new low-volume laxatives have been introduced in the last decade.
Following that, a 2-L PEG plus citrate and simethicone solution was added. Randomized controlled trials (RCTs) comparing this formulation 2-L PEG plus citrate vs 4-L PEG found similar cleansing efficacy (73.6% vs 72.3%, 95%CI difference -7.5 to 10.1), but with greater tolerability (25.4% vs 37.0%, P < 0.01) and acceptability (93.9% vs 82.2%, P < 0.001)[16].
Moreover, 2-L PEG plus citrate showed similar efficacy (78.3% vs 74.3%, P = 0.37) and acceptability (81.4% vs 80.8%, P = 0.74) also when compared to 2-L PEG-ASC[17].
Recently, a 1-L PEG-ASC solution with a very low volume has been introduced to improve patients’ experience during colonoscopy by reducing the total oral intake of liquids to be consumed. The development of this very low-volume solution was made possible by increasing the ascorbate content, which improves the laxative effect and allows the solution to be delivered in a smaller volume.
Three phase-3 RCTs comparing the effectiveness of 1-L PEG-ASC (Plenvu, Norgine, Harefield, United Kingdom) vs trisulfate[18], sodium picosulfate plus magnesium citrate[19], and 2-L PEG[20] revealed that 1-L PEG-ASC was non-inferior to the comparator.
Moreover, a multicenter prospective study was performed to assess the effectiveness of 1-L PEG-ASC compared to 2-L and 4-L PEG preparation in a real-life setting on a cohort of 1289 patients (n = 490 performing a 4-L PEG preparation, n = 566 a 2-L PEG and n = 233 a 1-L PEG)[21]. 
In this study, cleansing success was achieved in 72.4%, 74.1%, and 90.1% (P < 0.001), respectively, while high-quality cleansing of the right colon was achieved in 15.9%, 12.0%, and 41.4% (P < 0.001) for the 4-L, 2-L, and 1-L-PEG preparation groups, respectively. The 1-L PEG-ASC preparation was an independent predictor of overall cleansing success and high-quality cleansing of the right colon in multiple regression analysis. In that study, 44.8% of patients were over the age of 65, confirming the validity of the safety of 1-L PEG-ASC in the elderly.
A real-life study performed on a cohort of hospitalized subjects confirmed that, among all variables, the 1-L PEG-ASC solution (OR = 0.39, 95%CI 0.23-0.65) and a > 75% intake of bowel preparation (OR = 0.09, 95%CI 0.05-0.15) significantly reduced the risk of inadequate colon cleansing[22].
This information is undoubtedly valuable and should be considered even in the care of hospitalized patients.
Nonetheless, the same studies mentioned above found that 1-L PEG-ASC is associated with a higher incidence of adverse events, such as nausea and vomiting, even if none of these were serious enough to impair bowel cleansing quality[18-21]. 
Based on current data, guidelines recommend using high-volume or low-volume PEG-based regimens, and non-PEG-based validated products, in a split-dose fashion[13]. 
Even though no specific product is recommended for difficult-to-prepare patients, 1-L PEG-ASC appears to be promisingly superior in hospitalized patients and could be a reasonable choice in this setting; however, these data were obtained after the guidelines were issued.

Preparation regimen
The preparation regimen has a significant impact on the quality of bowel cleansing. A day before preparation was traditionally performed before a colonoscopy. Nonetheless, the most recent evidence suggests that dividing the preparation between the day before the exam and the day of the exam leads to better intestinal cleansing and a shorter time between the end of the preparation and the same colonoscopy.
A meta-analysis of 47 trials involving 13487 patients revealed that a split-dose regimen is associated with significantly better cleansing than day-before preparations (OR = 2.51, 95%CI 1.86-3.39), regardless of solution type and dose[15]. 
Furthermore, subgroup analysis by solution type confirmed that split was more effective than the day-before regimen for PEG, sodium phosphate, and picosulfate (OR = 2.60, 95%CI 1.46-4.63; OR = 9.34, 95%CI 2.12-41.11; OR = 3.54, 95%CI 1.95-6.45, respectively). Likewise, a higher proportion of patients (OR = 1.90, 95%CI 1.05-3.46) were willing to repeat preparation with split-dose vs day-before cleansing[15]. 
Subsequent RCTs evaluating the effectiveness of high-volume PEG[23,24], low-volume PEG[25,26], and sodium picosulfate[27-29] confirmed the split regimen’s superiority over the day-before regimen.
In terms of the effectiveness of a split regimen on the detection of neoplastic lesions, an RCT comparing 2-L PEG-ASC in a split vs day-before fashion found that a split regimen resulted in a higher detection rate of adenomas (53.0% vs 40.9%; RR = 1.22, 95%CI 1.03-1.46) and advanced adenomas (26.4% vs 20.0%; RR = 1.35, 95%CI 1.06-1.73)[26].
Another RCT comparing 2-L PEG-ASC in split dose vs split-dose sodium picosulfate/magnesium citrate (SPMC) in a day-before dose showed a non-significant higher polyp detection rate, and a significantly higher detection rate of right-sided polyps and adenomas (51.5% vs 44.0%, P = 0.14; 28.0% vs 16.6%, P = 0.007; 21.0% vs 11.9%, P = 0.015, respectively) in favor of split regimen[30]. 
Also, two meta-analyses (including 11 and 14 RCTs) compared split-dose bowel preparation with same-day bowel preparation and found similar results in terms of bowel preparation quality, patient willingness to repeat it, and overall tolerability[31,32]. 
In addition to the split preparation, patients who need to have a colonoscopy in the afternoon should consider same-day preparation. In this regard, data from two meta-analyses revealed that when split and same-day regimens were used, the quality of bowel preparation, tolerability, and willingness to repeat were similar.
As a result, for patients undergoing afternoon colonoscopy, current guidelines recommend split-dose bowel preparation and same-day bowel preparation[13].

Diet before the procedure 
Before a colonoscopy, a low-residue diet or clear liquids are usually advised. Patients should avoid foods high in fiber, such as fruits, vegetables, and whole grains, to achieve a low-residue diet. Colored liquids should be avoided because they can obscure proper mucosal visualization. Water, broth, coffee or tea, ice, gelatin, and fruit juices are the best clear liquid choices (apple, lemonade, and grapefruit).
On the day before the colonoscopy, two meta-analyses compared a low-residue diet to a clear liquid diet, with both arms using the same laxative. When compared to a clear liquid diet, Nguyen et al[33] discovered that a low residue diet was associated with better tolerability (OR = 1.92, 95%CI 1.36-2.70, P < 0.01) and higher willingness to repeat bowel preparation (OR = 1.86, 95%CI 1.34-2.59, P < 0.01). However, no differences in adequate bowel cleansing (OR = 1.21, 95%CI 0.64-2.28, P = 0.58) or adverse event incidence (OR = 0.88, 95%CI 0.58-1.35, P = 0.57) were found[33]. Another meta-analysis, this time by Avalos et al[34], compared a low-residue diet or a regular diet to a clear liquid diet. There were no differences in adequate cleansing (RR = 1.00, 95%CI 0.97-1.04). The low residue-regular diet was linked to a higher likelihood of repeating the procedure, better tolerability, and more frequent consumption of the solution (RR = 1.08, 95%CI 1.01-1.16; RR = 1.04, 95%CI 1.01-1.08; RR = 1.04, 95%CI 1.01-1.08, respectively). Except for more hungriness in the clear liquid diet group, there were no differences in ADR or adverse events between groups (RR = 1.93, 95%CI 1.13-3.30)[34]. In a third meta-analysis by Song et al[35] including 7 RCTs using different laxatives, a low residue diet showed higher tolerability (RR = 1.06, 95 %CI 1.02-1.11) and a higher likelihood of repeating the exam (RR = 1.17, 95%CI 1.09-1.26) compared with a clear liquid diet.
Concerning the duration of the diet, current guidelines recommend a low-residue diet or clear liquids for at least one day before the examination[13]. In this regard, two recent RCTs compared the 1-d vs 3-d diet, finding no significant difference after diet prolongation. The first RCT compared a 3-d vs 1-d low-fiber diet with a 4-L PEG split-dose preparation and found a similar rate of adequate bowel cleansing (91.7% for 3-d diet vs 94.7% for 1-d diet, P = 0.24)[36]. Similarly, the second RCT compared a 1-d vs 3-d low-residue diet with a 2-L PEG + ASC split-dose preparation (82.7% vs 85.6%), with no differences in adherence, satisfaction, or polyp or ADR[37].
However, it should be noted that fiber consumption varies greatly between people and regions of the world. As a result, in countries where fiber consumption is naturally low, a single day’s diet is more likely to suffice. On the contrary, in people or countries where fiber consumption is abundant, the diet should be tailored accordingly, particularly in hard-to-prepare patients.

Timing of colonoscopy after bowel preparation
The timing of colon preparation administration has a significant impact on both its tolerability and efficacy. Starting the preparation, the day before the colonoscopy improves the quality of colonic cleansing and the likelihood of finding flat lesions.
According to recent research, there is a negative correlation between the start of the colonoscopy, the interval since the last dose of bowel preparation, and the cleanliness of the mucosa. It is recommended to perform the colonoscopy sooner after the bowel preparation is complete to improve the quality of the examination[38,39].
Patients with intervals of 7 h or less between the start of PEG intake and the start of the colonoscopy had better bowel preparation than patients with intervals of more than 7 h (P = 0.03)[40].
Furthermore, bowel cleansing with the fractional regimen was superior within three hours of the last dose intake, declined gradually after 4-5 h, and became statistically insignificant at five hours, according to Bucci et al’s meta-analysis in 2014 including 29 RCTs comparing split vs day-before regimens[41].
Additionally, a subsequent multicenter, randomized, endoscopist-blinded study found that the best window of time for bowel preparation is the same for all preparations. Regardless of the preparation (PEG, PEG-ASC, ≤ 11.8, sodium picosulphate/magnesium citrate, ≤ 13.3 h), the ideal time before the colonoscopy was ≤ 11.8 h. The timing of the preparation did not affect the tolerability[42].
Anyway, the overall findings support the recommendation in the European Society of Gastrointestinal Endoscopy (ESGE) guidelines to begin the final dose of bowel preparation no later than 5 h before the colonoscopy and to finish it no later than 2 h before the procedure[13].
Of note, compared to other days of the week, Monday had the highest rate of inadequate preparation [Boston bowel preparation scale (BBPS) 6] of 16.5% in a 2022 retrospective review of 4279 colonoscopies. Notably, poor bowel preparation was not linked to post-holiday procedures[43].
However, in clinical practice, patients do not always adhere to the recommended timing due to a need related to the potential long distance to travel before having to perform the endoscopic exam, or as a result of the stress that they will have an urgent necessity for the public bathroom during the trip.
As a result of more accurate characterization of procedural and patient variables, bowel preparation may become more personalized.

SPECIFIC CLINICAL SETTINGS 
Hospitalized patients 
Hospitalization is associated with a nearly twofold increase in the risk of unsuccessful bowel preparation before colonoscopy when compared to the ambulatory setting[44,45].
Furthermore, the percentage of inpatients with an adequately prepared colon does not exceed 50% because they are typically elderly, frail, and suffering from comorbidities that either prevent successful bowel prep ingestion or affect patients’ comprehension and compliance with the regimen’s instructions[44,45].
Inadequate bowel preparation increases the risk of missed adenomatous polyps or CRC, as well as a patient inconvenience; it also harms healthcare systems by causing procedures to be delayed or repeated, as well as prolonged hospital stays[45-47]. 
Several studies have evaluated the efficacy of various interventions, such as different laxatives, changes in preparation administration timing, and promotion of educational programs for physicians, nurses, and patients, to overcome these challenges. Lower socioeconomic class, opiate/tricyclic antidepressant use, afternoon colonoscopies, American Society of Anaesthesiologists (ASA) physical status classification system class 3, and pre-preparation nausea/vomiting were identified as the main potential predictors of inadequate inpatient preparation[46].
Furthermore, Gkolfakis et al[45] recently published a systematic review with meta-analysis to evaluate the efficacy of various interventions to improve the quality of colon preparation in inpatients.
In this study, which included 17 studies and 2733 inpatients, the authors concluded that, despite several interventions, only nearly two-thirds of inpatients achieve adequate colon preparation before colonoscopy, and that educational interventions significantly improve inpatients’ bowel preparation quality[45].
In the absence of standardized guidelines or recommendations, the ideal bowel preparation regimen for inpatients has yet to be determined[45].
In any preparation strategy, PEG-based regimens should be considered first because they are more likely to achieve adequate bowel cleansing while maintaining an optimal patient safety profile. Furthermore, case-by-case application of multiple and combined strategies (e.g., written educational material, nurse facilitation of the process, etc.) may have the potential to influence the outcome[45,48].

Elderly
With the extension of life expectancy, the opportunities for medical care for elderly patients increase[49]. The rise in cancer patients, in particular, is a global challenge; the International Agency for Research on Cancer estimates that the number of cancer patients will rise dramatically[49]. Regardless of the procedure’s risks, bowel preparation can be problematic in terms of purgative effect and risk[50].
Patients must also go through a period of dietary restriction, fasting, and later fluid restriction, which can be difficult for people who have diabetes or chronic kidney disease (CKD)[50]. Furthermore, an elderly patient whose only access to the toilet is via stair-lift may be unable to prepare at home, necessitating in-patient admission for bowel preparation or alternative investigation to colonoscopy[50].
Despite the fact that little research has been conducted on bowel preparation in the elderly and very elderly population, a 2016 study discovered that diabetes, difficulty walking, or performing activities of daily living were associated with poor bowel preparation in patients over the age of 65[50,51]. Furthermore, poor bowel preparation is the leading cause of colonoscopy failure in patients aged 90 and up[50,52].
In five years, a British Patient Safety Agency alert reported one death and 218 patient safety incidents[53]. Although the vast majority of these incidents (93%) resulted in no or minor harm, 6% resulted in moderate harm, and one patient died[53].
Omitted medication (29%), incorrect drug (23%), and incorrect or unclear dose, strength, or frequency (11%) were all considered medicine errors. Side effects of bowel preparation include hypovolaemia, renal failure, and electrolyte disturbances[54]. An accurate bowel preparation prescription, as well as consideration of potential interactions and side effects, is especially important in older adults, who are more likely to have multiple comorbidities and polypharmacy, both of which may exacerbate these side effects. They may also have less physical reserve to deal with any unforeseen complications. In patients over the age of 65, serum albumin concentration before bowel preparation, for example, may predict hypovolaemia[55].
In elderly patients with pre-existing chronic renal failure, all oral laxatives should be used with caution, and patients undergoing dialysis or with advanced CKD should consult with the renal team. Sodium phosphate preparations should be avoided entirely in patients with renal failure[54]. Furthermore, any medications that, when combined with bowel preparation, may worsen renal failure, such as diuretics, angiotensin-converting enzyme inhibitors, and angiotensin II receptor antagonists, should be avoided[54].
Cleaning success was achieved in 70.3% of patients aged > 65 years with comorbidities undergoing colonoscopy after a 1-L PEG-ASC, 2-L PEG/PEG-ASC, or 4-L-PEG-based preparation, according to a recent retrospective analysis of a prospective cohort. Notably, elderly patients had a higher rate of inadequate colonoscopy cleansing than non-elderly patients (7.0% vs 3.8%, P = 0.012)[56]. Split regimen, adequate cleansing at last colonoscopy, tolerability score, a low-fiber diet for at least 3 days, and colonoscopy within 5 h after the end of preparation (OR = 2.43, P = 0.003; OR = 2.29, P = 0.02; OR = 1.29, P < 0.001; OR = 2.45, P = 0.001; OR = 2.67, P = 0.008, respectively) were predictors of bowel cleansing in the elderly[56]. Also, 1-L PEG had a higher tolerability score than 2-L and 4-L PEG in elderly (7.7 vs 7.2 and 7.2, P = 0.099). Interestingly, when compared to the other preparations, the 1-L PEG-ASC preparation was associated with higher quality cleansing of the right colon (39.6% vs 17.0% vs 9.4%, respectively, P < 0.001) and may thus be the preferred option for the elderly.
Methods for achieving safe and adequate bowel preparations in the elderly should include clear instructions, reminder calls, and case management for potential confounding patient-related factors[57].

Comorbidities
Endoscopic techniques have become increasingly important in recent years, particularly in the treatment of colorectal flat lesions[58,59].
At the same time, the significance of accurate detection and assessment of such lesions in predicting malignancy has become clear. Indeed, proper bowel preparation is critical for colonoscopy because it allows for visualization of the entire colonic mucosa and improves the safety of therapeutic maneuvers[6,60].
In contrast, poor preparation lengthens the procedure, increases the risk of complications, and increases the likelihood of missing lesions[61].
The percentage of colonoscopies performed with inadequate bowel cleansing ranges between 5% and 35%[12,44,62-66].
Because a proper bowel cleansing regimen increases the likelihood of success, identifying risk factors for inadequate bowel cleansing is critical. Patient-related predictors of colonoscopy preparation failure include prior inadequate bowel cleansing, a history of constipation, increasing age (> 65 years), male gender, low health literacy (e.g., cognitive skills), inpatient status, obesity, diabetes mellitus (DM), inflammatory bowel disease (IBD), unexplained chronic diarrhea, megacolon, cirrhosis, stroke, dementia or Parkinson’s disease, patients at increased risk for electrolyte abnormalities (e.g., patients on diuretics), uncontrolled hypertension, severe congestive heart failure (New York Heart Association class III or IV), severe CKD (creatinine clearance < 30 mL/min/1.73 m), previous colorectal surgery, use of constipation-related medications (narcotics and tricyclic antidepressants), severe colonic stricture or obstructing tumor or perforation, dysphagia, gastroparesis, or gastric outlet obstruction, pregnancy or lactation[12,64,65,67-69]. 
Administration of the entire preparation the night before the colonoscopy, rather than split-dosing, and a later start time for the colonoscopy are procedure-related risk factors for inadequate bowel preparations[44]. The presence of one or more of these risk factors can influence bowel cleansing regimens and choices[70]. 
ESGE recommends the use of high-volume or low-volume PEG-based regimens, as well as non-PEG-based agents that have been clinically validated for routine bowel preparation. For elective colonoscopy, split-dose bowel preparation (with or without additional measures) should be used, as it has been linked to improved preparation quality[13].
In 2015, Dik et al[71] conducted a Dutch study that included only patients who who received a split-dose regimen. In total, 1331 colonoscopies were included in the study, with 12.9% having insufficient bowel preparation. Diabetes, chronic constipation, a history of abdominal or pelvic surgery, and recent hospitalization are all risk factors for poor bowel cleansing quality.
Gandhi et al[65] conducted a meta-analysis of independent risk factors in over 75,000 people receiving a split-dose bowel preparation. Constipation, diabetes, and medication use were identified as predictors of colonoscopy preparation failure despite the studies’ heterogeneity. In a 2018 meta-analysis by Mahmood et al[12], age, male sex, inpatient status, DM, hypertension, cirrhosis, narcotic use, constipation, stroke and tricyclic antidepressants were associated with inadequate bowel cleansing (OR = -1.20, OR = 0.85, OR = 0.57, OR = 0.58, OR = 0.58, OR = 0.49, OR = 0.59, OR = 0.61, OR = 0.51, respectively). Furthermore, in Western countries, diabetes, cirrhosis, male sex, stroke history, and tricyclic antidepressant use were found to be stronger risk factors for inadequate bowel preparation than in Asian countries.
In a 2022 United States retrospective study of 1029 patients, Agrawal et al[66] discovered the following factors to be associated with colonoscopy cancellations: Graduate school education, Hispanic ethnicity, a hemoglobin level of 10 g/dL, and if the colonoscopy was done for other indications (OR = 1.93, P = 0.04; OR = 0.47, P = 0.01; OR = 1.41, P = 0.05; OR = 0.53, P = 0.04, respectively). Dementia (OR = 2.44, P = 0.02) and gastroparesis (OR = 3.97, P = 0.01) were factors associated with poor bowel preparation in a multivariate analysis.
Ultimately, in a 2016 United States study of 2401 colonoscopies, African Americans were 70% more likely to have suboptimal preparation (95%CI 1.2-2.4); DM, tricyclic antidepressant use, narcotic use, and Miralax-Gatorade prep vs 4-L PEG 3350 were all associated with suboptimal preparation quality in a multivariable analysis (OR = 2.3, 95%CI 1.6-3.2; OR = 2.5, 95%CI 1.3-4.9; OR = 1.7, 95%CI 1.2-2.5; OR = 0.6, 95%CI 0.4-0.9, respectively)[72].

Obesity: Obesity, when combined with other risk factors, is an independent predictor of poor bowel preparation during a colonoscopy in practice.
In a 2013 retrospective study of 2163 consecutive patients, mostly men, who had colonoscopies in Indiana, one of the independent risk factors for inadequate preparation was a body mass index (BMI) of ≥ 30 Kg/m2 (OR = 1.46, 95%CI 1.21-1.75, P < 0.0001)[73].
Sharara et al[74] discovered that BMI was an independent risk factor for inadequate preparation in a 2016 Arabic study involving 541 patients. Obesity was associated with an OR of 5.3 (95%CI 1.4-19.8, P = 0.01) when compared to normal BMI. In a prospective study of 195 patients, obese patients had comparable rates of inadequate preparation to normal-weight individuals (OR = 0.7, 95%CI 1.10-3.96, P = 0.68). Patients who were underweight performed significantly worse than those with normal BMI (OR = 8.0, 95%CI 1.1-58.0, P = 0.04).
A high BMI had a significant difference in the effect of bowel cleansing between studies with mostly female patients (OR = 1.05) and studies with mostly male patients (OR = 1.30) (P = 0.013 for the difference), according to a 2018 systematic review and meta-analysis[65]. Inadequate bowel preparation was linked to diabetes (OR = 1.79) and hypertension (OR = 1.25), among other risk factors.
According to a recent study by Passi et al[75] in the United States, 49.4% of 27696 colonoscopies had insufficient bowel preparation, which was most common in the class III obesity group. When compared to the normal body mass index (BMI) group, a BMI of 30 kg/m2 and 40 kg/m2 was associated with an increased risk of an incomplete colonoscopy (P = 0.001 for overweight, P = 0.0004 for class I/II obesity), a longer procedure (P < 0.05 for all), and poorer tolerance (P < 0.0001 for class I/II obesity, P = 0.016 for class III obesity).
According to some studies, distinct bowel preparations are beneficial and safe for obese patients. In a 2012 prospective Australian study of 104 patients showing a similar bowel preparation quality after using sodium picosulphate, 90% of non-obese and 89% of obese patients had good bowel preparation (P > 0.99)[76].
Patients were randomized to receive split-dosing of either NER1006, 2-L PEG-ASC, or OSS in a recent (2021) two phases III Spanish trials[77]. Split-dose NER1006 (1-L-PEG-ASC) was associated with high levels of cleansing, ranging from 87% to 94% in a total of 551 patients, including those who were obese or diabetic. Obese males aged above 60 had significantly higher overall and high-quality bowel-cleansing success rates with 1-L-PEG-ASC, at 100.0% and 72.7%, respectively, compared to 86.7% and 50.0% in the control group (P = 0.015 and P = 0.033, respectively).

Diabetes mellitus: Due to the high prevalence of gastrointestinal symptoms and the increased risk of CRC, diabetic patients have a higher demand for colonoscopies than the general population[78-80].
As a result, adults with diabetes should be properly screened, and a longer bowel preparation may be necessary to ensure an adequate endoscopic examination[81].
Due to dietary/medication regimen changes, narcotic use, and diabetes-related complications/comorbidities such as hypoglycemia, electrolyte imbalance, acute renal failure, and ketoacidosis, diabetic patients are at risk of poor bowel preparation[82,83].
DM has been identified as an independent risk factor influencing bowel preparation quality by decreasing colonic motility[71,84-86].
The rate of insufficient bowel preparation in diabetic patients ranges from 9% to 30%[84,87,88], which should be significantly reduced by implementing a multifactorial strategy. Surprisingly, even though DM patients are notoriously difficult to prepare, few studies have looked into the best bowel preparation management strategy in this setting. In diabetic patients, taking 10 ounces of magnesium citrate two days before colonoscopies, in addition to a single 4-L PEG dose, improved colon cleansing (from 54% to 70%)[89]. 
Another single-blind prospective trial on DM patients discovered that adding lubiprostone, a highly selective locally-acting activator of chloride channels used in functional constipation, to a single 4-L PEG the day before the procedure improved colon cleansing; however, the improvement was statistically non-significant due to the small sample size[90]. A small trial in DM outpatients examined additional bowel cleansing strategies with 6-L PEG, but the results were not encouraging[84].
Current United States guidelines do not endorse any of these recommendations, instead recommending a split-dose bowel cleansing regimen for DM patients with no adjustments[8]. A subsequent European randomized, single-blind, superiority trial compared a conventional bowel preparation protocol with a diabetic-specific preparation protocol, which included a low-fiber diet for three days, a clear liquid diet for one day, and a 4-L split-dose PEG regimen[88].
The latter group was given a special education program that included diet, laxative intake, and blood glucose-lowering agent adjustment instructions. In the conventional protocol, inadequate bowel cleansing was statistically more common than in the diabetic-specific protocol (20% vs 7%; RR = 3.1, 95%CI 1.2-8.0, P = 0.014).

Chronic constipation: The most prevalent type of constipation, functional chronic constipation, frequently affects women and the elderly who undergo colonoscopies often and ranges in prevalence from 2% to 27% in Western countries[91-93]. Constipation has been identified as a risk factor for inadequate bowel preparation[13,94]. Currently, ESGE does not recommend any specific bowel preparation in patients suffering from constipation chronically[13].
In elderly patients, slow transit constipation, defined by decreased bowel movements, may result in insufficient laxative wash-out and bowel preparation. This hypothesis was confirmed in a 2015 Korean study[95], which discovered that colonic transit time of more than 30 h was associated with inadequate bowel preparation. Furthermore, slow-transit constipation, as determined by radiopaque marker colonic transit testing, was linked to a more than 2-fold increased risk of poor bowel preparation in a 2022 study of 274 American patients with chronic constipation (OR = 2.2, 95%CI 1.1-4.4)[96].
In patients with a history of constipation, additional bowel purgatives should be considered[8]. Numerous studies in recent years have suggested different bowel preparation regimens in patients with chronic constipation, with good results using a variety of laxatives.
In a double-blind 2008 United States trial, 200 CRC screening patients were randomly assigned to receive a 24 g dose of lubiprostone or placebo before a split-dose PEG with electrolytes bowel preparation in the absence of dietary restriction[97].
Split-dose PEG, electrolytes, and lubiprostone pretreatment was found to be more effective (P = 0.001) and tolerable (P = 0.003) than placebo, most likely due to a reduction in abdominal bloating (P = 0.049)[97].
In a 2015 Italian randomized, single-blind study, 400 constipated patients were enrolled and randomly assigned to one of two arms: Split 2-L PEG-citrate-simethicone plus 2-day bisacodyl or split 4-L PEG[98]. In a 2016 Chinese RCT[99], the addition of lactulose one day before colonoscopy in combination with 4-L split-dose PEG was shown to be significantly superior (P < 0.05) to the conventional preparation with oral PEG and electrolytes for colonoscopy bowel preparation.
In terms of ease of administration (P < 0.001), willingness to repeat (P < 0.001), and compliance (P = 0.002), the 2-L PEG-citrate-simethicone/bisacodyl solution was found to be significantly more acceptable[98]. According to a 2019 RCT[100], the optimal dose of crystalline lactulose for Japanese constipated patients is 26 g/day. A short therapy cycle of PEG plus electrolytes was effective and safe in improving bowel preparation in chronic constipation patients in a 2020 and 2021 Japanese study[101,102]. In 2016, a larger Asian population was studied in a randomized, double-blind, placebo-controlled trial[103]. Surprisingly, when lower doses of PEG were combined with lubiprostone, no significant difference in preparation quality was observed.
In a 2021 systematic review and meta-analysis of three RCTs, Dang et al[104] enrolled 225 chronically constipated patients, with 47.6% receiving sodium phosphate and 52.4% receiving PEG. Despite the low quality of evidence, patients who received sodium phosphate before their colonoscopy had cleaner colons than those who received PEG (OR = 1.87, 95%CI 1.06-3.32, P = 0.003).

IBD: Inadequate bowel preparation has also been linked to comorbidities such as IBD[105]. This was demonstrated in an Italian multicenter, randomized, single-blind study of 211 adult outpatients with ulcerative colitis (UC) undergoing colonoscopy and receiving either 2-L PEG plus bisacodyl or 4-L PEG[106]. Low-volume PEG was not inferior to 4-L PEG for bowel cleansing in UC (P = NS), but it was better tolerated (P < 0.0001) and accepted (P < 0.0001). The split dosage was associated with better cleansing regardless of preparation. A period of more than 6 h between the end of preparation and the colonoscopy predicted poor cleansing.
In a 2021 retrospective analysis of a prospective cohort, Maida et al[107] demonstrated the efficacy and safety of 1-L PEG-ASC in 45% of 411 patients.
IBD patients had higher cleansing success (92.9% vs 85.4%, P = 0.02) than controls, with a similar number of patients experiencing adverse events (22.2% vs 21.2%, P = 0.821) and treatment-emergent adverse events (51 vs 62%, P = 0.821). Furthermore, the presence of IBD (OR = 2.51, P = 0.019), lower age (OR = 0.98, P = 0.014), a split regimen (OR = 2.43, P = 0.033), the absence of diabetes (OR = 2.85, P = 0.015), and chronic constipation (OR = 3.35, P = 0.005) were all independently associated with cleansing success[107].
Endoscopic disease activity has recently been discovered to predict suboptimal bowel preparation, and biological therapy has been shown to protect IBD patients from it.
In a 2022 United States study by Kumar et al[108], the moderate-to-severe endoscopic disease was associated with higher odds of suboptimal bowel preparation vs mild or inactive disease [adjusted OR (aOR) 2.7; (95%CI 1.52-4.94)], whereas baseline biologic use was associated with a lower odds of suboptimal bowel preparation [aOR, 0.24 (0.09-0.65)] among the overall IBD cohort. Furthermore, age > 65 years and single-dose vs split-dose bowel preparation were independent predictors of suboptimal bowel preparation [aOR, 2.99 (1.19-7.54); aOR, 2.37 (1.43-3.95), respectively].

Liver cirrhosis: Liver cirrhosis predicts poor bowel preparation at screening colonoscopy[64,109].
This finding is most likely due to multiple factors impairing intestinal motility in cirrhotic patients[110,111]. The role of chronic liver disease in predisposing to inadequate bowel preparation in the absence of cirrhosis is unknown. In a 2016 United States study, Anam et al[112] compared 120 cirrhotics to 220 non-cirrhotics with chronic liver disease, and the first group performed significantly worse on bowel preparation. Cirrhotics had lower bowel preparation scores than non-cirrhotics (P = 0.0027), with cirrhotics having the lowest (48%) and non-cirrhotics having the highest (30%), with no effect of the MELD score.
The rate of failure to complete the bowel preparation and the incidence of side effects were comparable in 53 cirrhotics compared to 52 healthy subjects undergoing screening colonoscopy, according to an Italian 2015 study by Salso et al[113]. Despite this, nearly half of the cirrhotics (49% vs 5% control; P < 0.001) had poor bowel cleansing.
In a 2017 Chinese retrospective study, Lee et al[114] compared the safety of two bowel-cleansing agents in patients with liver cirrhosis (2-L PEG-ASC vs 4-L PEG). Patients preferred the 2-L PEG-ASC over the 4-L PEG group for acceptability and compliance. Finally, because both groups were successfully cleansed, the authors concluded that using 2-L PEG-ASC for colonoscopy in cirrhotics was a safe option.
Decompensated cirrhosis patients are more prone to frailty, cognitive abnormalities, and decreased ambulation. Clayton et al[115] discovered that patient educational video did not improve bowel preparations (split-prep) in the pre/post-intervention period in 121 patients with decompensated cirrhosis undergoing colonoscopy during the initial liver transplantation evaluation (29.8% vs 31.9%, respectively).
Furthermore, patients with moderate to severe ascites had a significantly higher rate of inadequate colonoscopy bowel preparation than non-ascites patients[115].

CKD: The use of cleansing agents in patients with CKD should be carefully evaluated due to the risk of electrolyte imbalance or worsening renal function[116]. No significant changes in vital or biochemical parameters have been linked to high volume osmotically balanced solutions containing PEG and electrolytes capable of maintaining bowel lumen isosmosis[13].
According to previous research[117,118], PEG is generally safe in CKD patients; however, adequate hydration and renal function monitoring should be ensured before and after colonoscopy in some cases to avoid acute kidney failure[119]. Individualized laxative choice is strongly advised for patients at risk of hydroelectrolyte disturbances (moderate quality evidence)[13].
Because of hyperosmolarity and the risk of magnesium toxicity, as well as acute phosphate nephropathy, magnesium-based preparations and sodium phosphate should be avoided in CKD patients[13,120,121].
Furthermore, due to the poor tolerability of high-volume PEG-based regimens, low-volume PEG (2-L) solutions with ascorbic acid (PEG-ASC) solutions have been proposed to reduce the patient’s excessive fluid intake. Ascorbic acid can act as an osmotic agent and enhance the laxative effect of PEG due to its hexose structure[122], and its pleasant taste makes it easier for patients to swallow. Ascorbic acid, on the other hand, has been linked to the formation of renal stones and acidosis, with contradictory results[123,124]. As a result, low-volume preparations continue to be a challenge for many CKD patients.
Notably, ESGE guidelines do not recommend aspartame and ascorbate-containing solutions (such as 2-L and 1-L PEG-ASC solutions) for patients with renal insufficiency and creatinine clearance less than 30 mL/min. A high rate of hypernatremia has been observed following the administration of 1-L PEG-ASC, owing primarily to the product’s sodium content[13]. If low volume PEG solutions combined with citrate and simethicone are administered to patients with creatinine clearance less than 30 mL/min, caution is advised[13].
In a 2016 retrospective study, a same-day 1-L low-volume PEG regimen with a previous-day low-residue diet and laxative was tested to improve tolerability[125]. The study included 5,427 patients who were instructed to consume a low-residue fiber diet with 10 mL sodium picosulfate one day before the colonoscopy, followed by 1-L low-volume PEG and 0.5-L water four hours before the exam. In 86 CKD patients (creatinine 1.1 mg/dL), the BBPS 6 success rate was 94.1%, and there were no serious complications[125]. Lee et al[123] found that the 2-L PEG-ASC was a safe choice for bowel preparation before colonoscopy in patients with impaired renal function in a 2016 study.
In one retrospective cohort, patients with a GFR of 60 mL/min were given either 4-L PEG or 2-L PEG-ASC solutions. Patients in the 2-L PEG-ASC group (n = 61) rated their tolerance and acceptability higher than those in the 4-L PEG group (n = 80)[123]. After either preparation, there was no statistically significant change in electrolytes, blood urea nitrogen, or creatinine. When the regimens were compared, 7.5% of 4-L PEG patients and 11.5% of 2-L PEG-ASC patients had a transient > 30% increase in creatinine levels, though the differences were not statistically significant[123]. Ohmiya et al[126] discovered that same-day conventional bowel preparation with PEG electrolyte lavage solution plus Ascorbate (PEG-ELS-ASC) was safe and effective in 56 CKD patients in the Japanese 2021 study.
Only retrospective cohorts have found PEG to be safer than other formulations in patients with impaired renal function[127].
The most severe kidney injury case reported reversible post-colonoscopy acute renal failure within a few weeks of oral sodium phosphate (OSP) intake, necessitating renal replacement therapy in 19% of patients[128]. Furthermore, during the 2006-2007 time period, the Food and Drug Administration received reports of 171 cases of renal failure caused by the use of OSP and 10 cases caused by the use of PEG[128]. A 2005 retrospective population-based Iceland study found that the risk of biopsy-proven acute phosphate nephropathy is about one in every 1000 OSP doses sold[128].
Three RCTs comparing OSS preparation to 4-L PEG found that split OSS was noninferior to split high-volume PEG in terms of efficacy, safety, and tolerability. Although real-world data on OSS in the setting of renal insufficiency are limited, and despite no significant differences in the frequency of acute renal failure reported with this preparation, European guidelines[13] recommend that it be avoided in patients with severe renal insufficiency (glomerular filtration rate 30 mL/min).
According to ESGE guidelines and current evidence, patients with severe renal insufficiency should be prepared with isotonic high volume PEG solutions rather than low volume PEG or non-PEG regimens.

Heart disease: Previously, it was thought that bowel preparation (particularly after administration of PEG-ELS solution) could worsen heart failure[129], as a result, except in urgent or emergency cases, exposing such patients to a colonoscopy was risky. Also, coronary heart disease has been identified as a risk factor for severe desaturation and relevant electrocardiographic changes during endoscopic sedation[130]. Furthermore, several studies have found that these solutions may be harmful to patients with heart disease due to the potential increase in plasma volume and their effects on electrolyte disturbances[131].
Thiazide diuretics and SSRIs, which have the potential to cause fluid and electrolyte imbalances, should be avoided in at-risk patients while undergoing bowel preparation[132].
Heart disease and CRC were the only predictors strongly associated with poor bowel cleansing in a 2019 Spanish single-center, endoscopist-blinded RCT of 136 patients (OR = 3.37, 95%CI 1.34-8.46, P = 0.010; OR = 3.82, 95%CI 1.26-11.61, P = 0.018, respectively)[133]. In a 2020 study, Poola et al[134] discovered that 44% of 315 inpatients’ bowel preparation was fair/poor. Poor bowel preparation was associated with elderly people who had a history of congestive heart failure.

Concomitant medications
Most medications can be taken with a small sip of water until the day of the colonoscopy. Because of the decreased oral intake prior to the procedure, some medications, such as diabetes medications or anticoagulants, may need to be adjusted. Because it causes residual feces, oral iron should be stopped at least five days before the colonoscopy[135]. Additionally, the procedure’s urgency and the availability of alternative tests must be taken into account.
In a 2017 Chinese systematic review and meta-analysis of RCTs (overall 3217 patients with chronic pain), Huang et al[136] discovered that treatment with a fixed-ratio combination of prolonged-release oxycodone/naloxone reduces the incidence of opioid-induced constipation and provides clinically significant intermediate-term bowel function improvement while maintaining pain relief. According to a 2019 Spanish study by Velázquez Rivera et al[137], tapentadol and oxycodone had better bowel function profiles with no differences in a cross-sectional observational study of 180 Spanish patients with opioid-induced constipation during long-term treatment.

Previous history of colorectal surgery
Inadequate bowel cleansing is detrimental to the examination, resulting in lower ADR, longer procedural time, lower rates of cecal intubation, shorter intervals between examinations, and a 12%-22% increase in overall colonoscopy cost[4]. Previous colorectal surgery is a risk factor for patients who are difficult to prepare[64,138,139].
Previous colorectal surgery (along with diabetes, Parkinson’s disease, and liver cirrhosis) is a condition that significantly predicts inadequate colon preparation, according to a prospective study enrolling 2811 outpatients in 2012[64]. 
Another study published in 2015 discovered that diabetes, chronic constipation, a history of abdominal and/or pelvic surgery, and current hospitalization were all significant predictors of poor bowel cleansing in patients using a split-dose preparation scheme[71]. Improved bowel preparation strategies may be difficult to achieve in this patient population. The long-term effects of colonic surgery and anastomoses on colonic motor function are currently unknown[140]. Patients who have had colonic surgery are usually excluded from trials on the efficacy of bowel preparations due to this lack of knowledge. As a result, no evidence-based guidelines for preparing this subset of patients are now available, and the various bowel cleansing schemes rely on single-center experience or expert opinions recommending high-volume regimens[141]. Following surgery, some mechanisms affecting the enteric nervous system and autonomic innervation are known to be altered.
Indeed, Vather et al[142] discovered that distal colonic motor patterns traversed healed anastomosis sites regularly, indicating possible cellular regeneration. Some of the causes could be attributed to colorectal anastomoses’ effect on the enteric nervous system and autonomic innervation, which can result in changes in colonic retrograde and antegrade motor patterns[142-144]. Remarkably, patients who have had a previous colectomy appear to be the most difficult to prepare. While right colectomy reduces absorption and determines rapid transit, left colectomy may worsen peristalsis in moving luminal content outside the body[145].
Mussetto et al[139] found that a low-volume mixed preparation (15 mg bisacodyl plus 2-L PEG) was not inferior to 4-L PEG for adequate bowel cleansing during surveillance colonoscopy in a 2015 study of 120 patients who had prior colorectal resection for cancer (85.0% vs 81.7%, P = 0.624). Notably, the mixed low-volume regimen had a higher success rate and tolerability in patients who had previously undergone left colectomy vs right colectomy (P = 0.025 and P < 0.001, respectively). The only predictor of unsuccessful cleansing using logistic regression was previous left colectomy (P = 0.012). Similarly, Yoo et al[146] conducted a case-control study in Turkey in 2018, enrolling 200 patients who received either a low-volume or high-volume bowel preparation regimen. In terms of adequate cleansing (modified BBPS of 6-9), there was no statistical difference between the resection and control groups (88% vs 88%). Patients with a left colon resection had an OR of 0.27 (P = 0.003) for successful cleansing, according to the logistic regression analysis of the resection group, and low-volume preparation (OR = 3.09, P = 0.023) was the best predictor of an effective cleansing procedure.
According to Kim et al[147], 12.1% of the 12,881 participants in the National Cancer Center’s health screening cohort who underwent screening or surveillance colonoscopy had a history of abdominopelvic surgery. Poor bowel preparation was linked to gastric or minor intestinal surgery in a multivariate analysis (OR = 1.76, 95%CI 1.23-2.53, P = 0.002). Other types of surgery, on the other hand, did not affect bowel preparation quality.
Chung et al[148] looked at 247 patients who had previously had a colorectal resection and had a surveillance colonoscopy in a 2017 study. The right colon preservation group had a significant association with bowel cleansing quality in both univariate (22.3% vs 7.5%, P = 0.028) and multivariate (OR = 3.6, 95%CI 1.0-12.3, P = 0.038) analysis.
In contrast, Gandhi et al[65] discovered that a history of abdominal surgery (OR = 0.99) did not correlate with inadequate bowel preparation in a 2018 systematic review and meta-analysis of 67 studies involving 75818 patients.
A study (NCT02761317) is currently being conducted on patients who have had colorectal resection to compare the efficacy of bowel cleansing between the standard preparation (2-L PEG solution, 2-L PEG-ELS), low-volume preparation (10 mg bisacodyl plus 2-L PEG-ELS), and high-volume preparation (10 mg bisacodyl plus 2-L PEG-ELS) (4-L PEG-ELS).

History of poor bowel preparation
The presence of one or more risk factors for inadequate preparation will influence preparation selection and regimen. Due to the high risk of missing clinically relevant lesions, patients with insufficient cleansing must have the colonoscopy repeated after a more thorough bowel cleansing attempt[13].
Patients who did not prepare adequately because they misinterpreted the instructions can be counseled and then directed to repeat the same bowel regimen. For patients who did not tolerate or respond adequately to the original preparation[149] alternative preparations should be tried.
Despite the lack of strong evidence from RCTs, the ESGE guidelines and some studies recommend repeating colonoscopy on the same or the next day with additional bowel cleansing (e.g., 500 mL PEG-ASC) or using enema as a salvage option in patients with insufficient bowel cleansing[72,149-152]. The bowel preparation regimen outlined below should be tailored to the potential causes of failure[13].
Some patients continue to have inadequate preparation despite following the regimen, switching regimens, and using a split-dose lavage. In such cases, two days of clear liquids are usually prescribed, followed by a morning procedure. If the patient’s preparation was extremely poor, options include adding a second laxative if contraindications exist (e.g., using 4-L PEG-ELS solution followed by a 1-L solution of magnesium citrate) or repeating the preparation administration over two days (except for sodium phosphate).
Within one year, 90% of patients who did not do adequate bowel cleansing require a repeat colonoscopy after one or more attempts at bowel cleansing[13,70]. Similarly, experts advise patients who did not tolerate or respond well to the first bowel cleansing to try another. Split-dosing should also be used for improved bowel cleansing[70]. Despite adherence to the regimen, switching to different regimens, and using a split-dose lavage, some patients continue to have insufficient bowel cleansing for the next exam, particularly those with severe comorbidities (e.g., stroke, dementia, DM, obesity), the elderly, men, and people taking psychotropic drugs, all of which are commonly associated with a chronic constipation condition[6,64,153]. The efficacy of a next-day or same-day colonoscopy after additional bowel preparation vs a later colonoscopy is limited and contradictory. In a 2009 Israelian single-center study of 235 patients with inadequate preparation, next-day colonoscopy was associated with a lower risk of secondary failure (OR = 0.31, 95%CI 0.1-0.92)[63]. In a 2013 retrospective study of 3047 procedures with inadequate cleansing, patients advised to have a next-day colonoscopy were more likely to follow the recommendation for a repeat colonoscopy[154]. In a larger 2016 United States single-center series of 397 patients with inadequate procedures, recurrent failure was observed in 30.0% of the next-day group and 23.5% of the non-next-day group (P = 0.48)[155].
In a single-center Korean prospective nonrandomized study conducted in 2014, 87 patients with insufficient preparation after an initial 4-L PEG were given either an additional 2-L PEG on the same day or a 4-L PEG plus bisacodyl one week later after 3 days of a low residue diet, with no difference found between the two regimens[149]. A 2017 Spanish randomized trial demonstrated the superiority of a high-volume PEG-based regimen over a low-volume PEG-based regimen when combined with an intensive preparation regimen[150]. In a 2018 observational study, 60 Turkish patients who had received inadequate preparation underwent a same-day repeat colonoscopy after receiving an additional laxative of 250 mL senna alkaloids with 1.5-L water, and 83% of patients had the repeat colonoscopy reach the cecum[151].
In a 2012 United States study, Sohn et al[152] found that direct administration of laxative enemas through the colonoscope into the right colon via the biopsy channel was effective in 21 patients with inadequate preparation after low-volume PEG and bisacodyl preparation. In a 2012 Japanese study, Horiuchi et al[156] published a study in which 26 patients with inadequate preparation after low-volume PEG were given 500 mL of PEG via the colonoscope biopsy channel, with 96.1% (25/26) of cases successfully prepared.
Yang et al[157] on the other hand, conducted a randomized trial in 125 patients with inadequate preparation, comparing administration of a 1-L PEG enema via colonoscope to additional oral ingestion of 2-L PEG, with 35 of 66 (53%) of the enema group and 53 of 67 (81%) of the oral group obtaining suitable preparation. 42 patients with inadequate preparation were randomly assigned to either pump irrigation or syringe irrigation in a 2012 Belgian monocenter study. In terms of pre-procedure preparation, pump irrigation outperformed hand irrigation, with a significant difference in the right colon[158].

Predictive models of inadequate bowel preparation in outpatients
Identifying risk factors for poor bowel cleansing can aid in determining which patients require more intensive bowel preparation. Six predictive models of inadequate bowel preparation have been developed to date based on patient potential risk factors[64,71,159-162].
Hassan et al[64] identified several factors that can significantly influence preparation quality in a 2012 Italian multicenter prospective study of 2811 consecutive outpatients, which were then used to develop an accurate predictive model. Overweight, male sex, having a high BMI, older age, previous colorectal surgery, cirrhosis, Parkinson’s disease, diabetes, and positive fecal occult test results were all associated with inadequate bowel preparation. With 60% sensitivity, 59% specificity, 41% positive predictive value, and 76% negative predictive value, these factors predicted which patients would have inadequate cleansing.
In the validation cohort, the scale’s discriminative ability was strong, with the area under the curve (AUC) of 0.77. An ASA score of 3, use of tricyclic antidepressants or narcotics, diabetes, constipation, previous abdominal and/or pelvic surgery, history of inadequate bowel preparation, and hospitalization were identified as independent predictors of inadequate bowel preparation in a 2015 Dutch study by Dik et al[71]. The scale’s discriminative ability was strong in the validation cohort, with an AUC of 0.77. Finally, in the multivariate analysis of 667 consecutive Spanish outpatients in 2017, antidepressants (OR = 4.25, 95%CI 1.91-9.47), co-morbidity (OR = 3.35, 95%CI 2.16-5.18), constipation (OR = 2.09, 95%CI 1.29-3.40), and abdominal/pelvic surgery (OR = 1.60, 95%CI 1.03-2.47) were independent predictors of inadequate cleansing. According to these findings, the model with all of these variables had an AUC of 0.72 in the development cohort and 0.70 in the validation cohort of 409 patients[150].
Berger et al[160] developed a predictive score called “Prepa-Co” in a recent French single-center study, allowing the identification of patients at high risk of inadequate bowel preparation. In total, 561 patients were included, with 25% having inadequate bowel preparation. In the prediction model of inadequate bowel preparation, the risk score includes seven variables: Diabetes or obesity, irregular physical activity, cirrhosis, use of antidepressants or neuroleptics, use of opiate medication, surgery history, and history of inadequate bowel preparation. With an AUC of 0.62, Prepa-Co correctly predicted bowel cleanliness in 68.3% of cases, with a specificity of 75.8% and a negative predictive value of 80.8%.
Sadeghi et al[161] conducted a population-based study on 2476 Iranian adults in 2022, and age, gender, ethnicity, BMI, abdominal circumference, fruit consumption, smoking, NSAIDs, SSRIs, education, constipation, physical activity, and diabetes were all factored into the predictive model, with the AUC reaching 0.70 in the final step.
Kurlander et al[162] developed prediction models for bowel preparation inadequacy in a retrospective cohort of 6885 United States veterans who underwent colonoscopy. The AUC for the validation cohort was 0.66 (95%CI 0.62-0.69), whereas the AUC for the validation cohort using random forest machine learning was 0.61 (95%CI 0.58-0.65).
So far, none of these predictive models have been tested outside of their validation cohorts, and no study has attempted to use a different regimen on patients who have risk factors for poor colon cleanliness. Furthermore, the ESGE concluded in 2019 that there was insufficient data to recommend the use of specific predictive models for inadequate bowel preparation in clinical practice[13].

CONCLUSION
To date, numerous efforts have been applied to increase the sensitivity of colonoscopy in the detection of polyps and advanced adenomas, reducing the risk of I-CRC[163,164]. These include the application of key-performance quality measures for colonoscopy[165], the use of distal attachment devices[166,167], and new intestinal preparations improving the quality of bowel cleansing[168].
Despite these efforts, adequate bowel cleansing remains a basic prerequisite for a quality colonoscopy, since it can affect other quality measures including ADR and cecal intubation rate.
Prior inadequate bowel cleansing, chronic constipation, elderly, male gender, low health literacy, obesity, diabetes, IBD, cirrhosis, neurologic disease, risk of electrolyte abnormalities, severe heart and renal failure, previous colorectal surgery, use of constipation-related medications, gastroparesis, and severe colonic stricture are the major patient-related predictors of colonoscopy preparation failure.
In the elderly, a strategy including a prolonged low-fiber diet, split preparation regimen, and colonoscopy within 5 h of the end of preparation, may increase the cleansing success rates. Furthermore, even though no specific product is specifically recommended in the other cases for difficult-to-prepare patients, recent evidence suggests that 1-L PEG-ASC preparation may be preferred in hospitalized and IBD patients. Figure 2 depicts a schematic view of the main bowel preparation tips to achieve a successful bowel cleansing.
According to current guidelines, patients with severe renal insufficiency (creatinine clearance less than 30mL/min) should be prepared with isotonic high volume PEG solutions, whereas low volume PEG plus adjuvants (e.g., 1-L/2-L-PEG-ASC, and 1-L PEG plus citrate) or non-PEG regimens (e.g., MCSP or OSS) are not advised.
To determine the most effective bowel preparation for difficult-to-prepare elderly, constipated, and cirrhotic patients, more high-quality research, including prospective studies with randomized designs, is required. Larger, multicenter, prospective studies are needed to determine the best bowel preparation for patients with prior abdominal-pelvic surgery, most importantly to improve ADR, especially for flat lesions in the right colon in patients who had a left colon resection.
Moreover, regardless of type of bowel solution, in very elderly patients with comorbidities, a careful assistance from family members or those who care for the elderly is necessary to guarantee the compliance to diet and preparation modalities.
In conclusion, an accurate characterization of procedural and patient variables may lead to a more personalized approach to bowel preparation (Table 1), reducing the risk of missed lesions and of I-CRC.
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Figure Legends
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Figure 1 Factors affecting bowel preparation and impact on colonoscopy outcomes.
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Figure 2 A schematic view of the main bowel preparation tips to achieve a successful bowel cleansing. PEG: Polyethylene glycol.

Table 1 Recommendation for bowel preparation in specific clinical settings
	Clinical scenario
	Remarks

	Hospitalization
	PEG-based regimens should be considered first in any preparation strategy because they are more likely to achieve adequate bowel cleansing while maintaining an optimal patient safety profile[13,45,48]

	
	Furthermore, multiple, combined strategies (e.g., written educational material, nurse facilitation of the process, etc.) based on a case-by-case decision could influence the outcome[45,48]

	
	Although no specific product is strongly recommended for difficult-to-prepare patients, clinical evidence suggests that a 1-L PEG-ASC preparation may be preferred in hospitalized patients[22]

	Elderly
	A strategy that includes a low-fiber diet for an extended period of time, a split preparation regimen, and a colonoscopy within 5 h of the end of preparation may improve cleansing success rates in the elderly[57]

	
	A 1-L PEG preparation may be preferred for the elderly due to higher cleansing quality and higher compliance due to lower volume[56,57,77]

	Obesity
	ESGE recommends the use of high volume or low volume PEG-based regimens, as well as non-PEG-based agents that have been clinically validated for routine bowel preparation[13]

	
	For elective colonoscopy, split-dose bowel preparation (with or without the additional measures) should be used, as it has been linked to improved preparation quality[13]

	Diabetes mellitus
	Current US guidelines do not support assumption of lubiprostone or magnesium citrate, instead recommending a split-dose bowel cleansing regimen with no adjustments for DM patients[8]

	Chronic constipation
	ESGE does not recommend any specific bowel preparation in constipation patients[13]

	Inflammatory bowel disease
	Split dosage was associated with better cleansing regardless of preparation in some studies[106,108]

	
	1-L PEG-ASC is associate to higher cleansing success and good safety and should be preferred[107]

	Liver cirrhosis
	The use of 2-L PEG-ASC for colonoscopy in liver cirrhosis to be a safe option[114]

	Chronic kidney disease
	All oral laxatives should be used with caution in patients with pre-existing chronic renal failure and liaison with the renal team is advised in patients undergoing dialysis or with advanced chronic kidney disease[54,106]

	
	Individualized laxative selection is strongly recommended for patients at risk for hydroelectrolyte disturbances (moderate quality evidence)[13]

	
	Because of the risk of magnesium toxicity and acute phosphate nephropathy, magnesium-based preparations and sodium phosphate should be avoided in chronic kidney disease patients[54,120,121]

	
	Also, because high-volume PEG-based regimens are poorly tolerated, low-volume PEG (2-L) solutions with ascorbic acid (PEG-ASC) have been proposed to reduce the patient’s excessive fluid intake[122]

	
	According to ESGE guidelines, patients with severe renal insufficiency (creatinine clearance less than 30 mL/min) should be prepared with isotonic high volume PEG solutions, whereas low volume PEG plus adjuvants (e.g., 1L-, 2L-PEG-ASC, 1 L PEG plus citrate) or non-PEG regimens (e.g., MCSP or oral sulfate solution) are not advised[13]

	Heart disease
	Bowel preparation (particularly after administration of PEG-ELS solution) could worsen heart failure[129]

	Polypharmacy
	Most medications can be taken up until the day of the colonoscopy and are taken with a small sip of water[135]

	
	Some medications, such as diabetes medications or anticoagulants, may need to be adjusted due to decreased oral intake prior to the procedure[13]

	
	Oral iron should also be discontinued at least five days before the colonoscopy because it causes residual feces[135]

	History of colorectal surgery
	In a study of 120 patients with prior colorectal resection for colorectal cancer, a low-volume mixed preparation (15 mg bisacodyl plus 2-L PEG) was not inferior to a high-volume regimen (4-L PEG) for adequate bowel cleansing during surveillance colonoscopy[139]

	
	In patients who had previously undergone left colectomy vs right colectomy, the mixed low-volume regimen had a higher success rate and tolerability[139,146]

	History of poor bowel preparation
	Despite a lack of strong evidence from randomized controlled trials, the ESGE guidelines and some studies recommend repeating colonoscopy using same-day or the next day with additional bowel cleansing (e.g., 500 mL PEG plus ascorbate) or using enema as a salvage option in patients with inadequate bowel cleansing[73,149-152,156]

	
	The next bowel preparation regimen should be tailored to the potential causes of failure[13]


PEG-ASC: Polyethylene glycol plus ascorbate; MCSP: Magnesium citrate plus picosulphate; DM: Diabetes mellitus.
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