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[bookmark: _Toc167893022]Thesis abstract
Colorectal cancer (CRC) is diagnosed in 35 000 people in the UK each year, with 16 000 dying of the disease. Colonoscopy is the gold standard investigation of the bowel.  Over 600 000 are performed each year in the UK.  Removal of polyps is proven to reduce the subsequent incidence of CRC. 
Bowel preparation is vital to good quality colonoscopy.  Poor preparation is associated with missed lesions and an increased chance of subsequent cancer.  Several scales have been devised to differentiate adequate from inadequate preparation.  The Boston bowel preparation scale (BBPS) is the most validated scale.  The quality of bowel preparation is dependent on numerous factors. Risk factors for poor preparation and modelling scores have previously been devised but have not been externally validated.  Within this thesis is presented the results of a national survey of bowel preparation, giving an overview of practice in the United Kingdom (UK).  “Can an Educational video improve the adequacy of BOwel Preparation for patients undergoing their first colonoscopy? (EBOPS)” examines whether a specific patient intervention with an educational video leads to an improvement in bowel preparation. 
The national survey demonstrates that most units (93%) do not recommend patients to split bowel preparation for all colonoscopies, despite convincing evidence of the superiority of this timing regime.  A correlation was seen with a significantly lower rate of inadequate preparation in those that advised split bowel preparation for colonoscopy.
The EBOPS study demonstrated that participants receiving access to an educational video were significantly more likely to have adequate bowel preparation (86.1% vs 79.1, p = 0.0471).  Within this group, the oldest age cohort >70 year-olds derived the greatest benefit with a 13.9% absolute risk reduction, compared with 2.9% in <45-year-olds.  Polyps were also significantly more likely to be found in the intervention group (39% vs 30%, OR 1.506, 95% CI 1.043 to 2.191, p < .032), demonstrating an improvement in resultant quality of the examination.
Interobserver reliability of BBPS grading conducted within a cohort of endoscopists from the EBOPS study demonstrated near perfect correlation.  This supports the reliability of this grading scale and the findings of the EBOPS study, as well as highlighting the potential for the scale’s use within the UK.
Data from the EBOPS trial was used to validate two predictive models for poor bowel preparation.  Inferior discriminant, calibration and descriptive values were demonstrated between this external validation data and the original developmental cohort. Although not as accurate as the original models at predicting poor bowel preparation, this validation analysis does indicate a minor degree of discrimination that can assist in stratification of risk of inadequate preparation. 
This thesis identifies both a short fall in national practice, as well as a specific intervention that if adopted on a national scale, could lead to a significant improvement in bowel preparation at minimal cost.
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[bookmark: _Toc167893024]What is colonoscopy, and why is it important?
Colonoscopy is a common medical procedure and the gold standard investigation of the large bowel.  The colonoscope constitutes a flexible tube with a digital camera at the distal end. Images are transmitted through the colonoscope and can be viewed on a monitor by the endoscopist performing the examination. An instrument channel runs through the colonoscope facilitating interventions including tissue biopsy and therapy, such as polypectomy (see Figure 1 - A colonoscope and Figure 2 - Close up of distal end of colonoscope).  This channel also allows suction of fluid and small particulate matter improving the luminal view. At the distal end of the colonoscope, alongside the instrument channel there is also an illuminating lamp, a lens, and a gas channel.  The gas channel allows the passage of gas or water through the colonoscope into the lumen. Either carbon dioxide or air are usually used to insufflate the lumen. Behind the lens a charged couple device (CCD) chip registers images from the colon.  The CCD then transmits the data along the colonoscope.  This data can be visualised on a monitor to give a real time image observed from the endoscopic tip. The colonoscope is inserted through the anus and proceeds to visualise the complete colon from the rectum to the caecum.  The terminal ileum can also be assessed by intubation of the ileocaecal valve.  Colonoscopy is used to investigate symptoms originating from the large bowel and assessment of inflammatory bowel disease, but it is most frequently utilised to diagnose or prevent the development of colorectal cancer (CRC) (1-3).
[image: ] (4)
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[bookmark: _Ref103672770][bookmark: _Toc167893220]Figure 2 - Close up of distal end of colonoscope

[bookmark: _Toc167893025]Colorectal cancer
CRC is the second highest cause of death from cancer in the United Kingdom (UK), accounting for 10% of all cancer deaths (6).  It is diagnosed in 35 000 people each year in the UK, and 16 000 die as a result of the condition (6). The pathogenesis of colorectal cancer derives through the development of neoplasia, in the form of polyps, either adenomas or sessile serrated lesions (SSL)(7-9). Further metaplasia can occur from low-grade to high-grade dysplasia and subsequently cancer(10).  Adenomas are the commonest precursor to colorectal cancer (10-13).
[bookmark: _Ref80883195][bookmark: _Toc167893026]Adenomas
Adenomatous polyps develop from normal epithelium due to the accumulation of genetic alterations in oncogenes and suppressor genes(14-16). The link between adenomas transforming into adenocarcinomas is demonstrated by several causal features (see Table 1) (11-13).



	1. Increased prevalence of adenocarcinoma in patients with polyps

	2. Reduced incidence of adenocarcinoma in patients who have polypectomies compared with patients who have not 

	3. Distribution of cancers mirrors that of polyps within the bowel 

	4. Evidence of early adenocarcinomas within the surface of adenomas

	5. Hereditary syndromes with multiple polyps have significantly higher risks of adenocarcinoma

	6. Demonstration of malignancy at the sites of polyps previously identified


[bookmark: _Ref80751004][bookmark: _Ref80750993][bookmark: _Toc167893186]Table 1- Evidence indicating the association of adenomas in the pathogenesis of adenocarcinomas
Pathogenesis of adenomas
Adenomas have a monoclonal composition, whereas normal epithelium has a polyclonal composition (17).  This indicates that the cells have arisen from a single cell line within the epithelium, which is caused by oncogenes that permit cellular clonal expansion(18). This clone then has the potential to develop further mutations and transform into an invasive malignant lesion.  Mutations lead to the development of adenomas, but several mutations are required before an adenoma becomes a malignant lesion(19, 20).  
B-catenin is a member of the cell-membrane adherens complex. The adherens complex is required for cellular anchorage and cell binding. B-catenin has an important pro-oncogenic effect(21).  Mutations in the adenomatous polyposis coli gene are ubiquitous in adenoma development, leading to the accumulation of B-catenin within the cell cytoplasm(20).  B-catenin has an anti-apoptotic effect, affecting cell to cell adhesion, increased proliferation of cells, dysplasia, and subsequent cancer invasion(19). Mutations of the ras oncogene are commonly seen in malignant lesions but are much rarer in small (<1cm) polyps and are felt to be an early step in the transformation of polyps down the path towards malignancy(16). Over time the dysplasia further develops into high-grade dysplasia and subsequent cancer.  p53 is a tumour suppressor gene that is found on chromosome 17.  It helps to control cell proliferation and is involved in activating cell apoptosis(14).  Chromosome 17 mutations occur frequently in colorectal cancers, and these mutations lead to abnormalities in the p53 that prevent it from suppressing malignant activity. Adenocarcinomas frequently have p53 gene mutations and it is felt to be a late feature in the transformation to malignancy(22).   
The transformation of adenomas to adenocarcinomas requires several gene mutations which occur gradually and in a, somewhat, stepwise process(18). As such, a lead time is formed from the development of an adenoma to transformation into a malignant lesion (23). Therefore, there is an opportunity for the removal of the pre-malignant polyp, which offers protection of the patient from the development of CRC (15, 18, 24, 25).  The national bowel cancer screening programme (BCSP) was devised to identify pre-cancerous polyps, removing which, reduces the subsequent risk of CRC developing (26).
[bookmark: _Ref167350892][bookmark: _Toc167893027]Sessile serrated lesions
Although adenomas account for the majority of CRC, they do not seem to be responsible for all CRC on the right side of the bowel.   Another variant of polyp, termed a sessile serrated lesion (SSL) has been identified, that appears to be the precursor for a large proportion of right sided CRC.  The term derives from the serrated, or sawtooth appearance, of the epithelial mucosa. Other lesions in the colon also demonstrate a serrated epithelium including hyperplastic polyps and traditional serrated adenomas(27). Of the serrated lesions in the colon, SSL account for most CRC.  They are predominantly found on the right side of the bowel and although they only make up 10% of polyps, they may account for 25% of CRC, mostly in proximal colon(27, 28).
SSL are characterised by serrated, or sawtooth epithelium, that unlike other hyperplastic polyps extends throughout the crypt to the base(27).  An abundant clear cytoplasm is seen as well as dilated crypts.  Unlike adenomas, the majority of SSL do not contain dysplasia, with dysplasia seen in only 4-8% of SSL(29, 30).  However, once dysplasia does occur in SSL transformation to CRC can be rapid.
Pathogenesis of SSL
Mutations in the B-RAF and KRAS  proto-oncogene lead to the development of SSL(31).  Methylation of CpG Islands is a characteristic feature of SSL and is termed the CpG island methylation phenotype (CIMP)(32, 33).  CIMP leads to silencing of tumour suppressor genes such as p53, MLH1 and P16.  CRC associated with SSL is commonly associated with microsatellite instability (MSI).  These lesions have mutations in MLH1 and p16.  CRC that develop without MSI appear to exhibit abnormalities in the WNT signalling pathway leading to accumulation in B catenin(34).  This transformation from benign polyp to malignant lesion bares similarities to the adenoma-adenocarcinoma sequence.
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Before the colonoscopy examination, the bowel must be prepared by clearance of faeces allowing visualisation of the colonic mucosa. This is carried out by following a regime consisting of a period of fasting (with or without a prior modified diet) and the consumption of an oral bowel cleansing solution (35, 36).
There are several bowel preparations available in the UK.
[bookmark: _Toc14711428][bookmark: _Toc167893029]Polyethylene glycol solutions
Polyethylene glycol (PEG) is a synthetic polymer (37).  The absorption of PEG is dependent on its molecular weight, with lower-weight PEG molecules being more readily absorbed across epithelial membranes(38).  The mucosal lining of the gastrointestinal (GI) tract does not absorb PEG with a molecular weight of greater than 3000 Daltons.  As such, all PEG-based laxatives have a molecular weight of greater than 3000 Daltons, since they are therefore not absorbed and can have a cathartic effect on the contents of the bowel lumen (39).  Commercial preparations of PEG utilised as laxatives most commonly contain PEG 3350, indicating the PEG molecule used has a molecular weight of 3350 Daltons.  PEG solutions are electrolyte isotonic with the body plasma, thus minimising the osmotic shift of fluid. Non-absorbable fluid passing through the colon has a mass transit effect, clearing stool as it rinses through the lower GI tract (40). 
[bookmark: _Toc14711429][bookmark: _Toc167893030]Sodium phosphate
Sodium phosphate (NaP) is a hyperosmotic solution.  Sodium and phosphate are both hyperosmotic molecules with a combined osmolarity of 16 622 mOsm/L (41).  The osmolarity of plasma is between 280-295 mOsm/L(41).  The small intestinal mucosal lining permits fluid movement to maintain isomolarity between intraluminal contents and the plasma(37). Therefore, the hyperosmolarity of NaP leads to a significant transfer of water across the mucosal lining of the small intestine into the lumen.  This fluid both has a direct cathartic effect, as well as increasing the peristalsis of the bowel by distension of the small intestine (42).
[bookmark: _Toc167893031]Sodium picosulfate and magnesium citrate
[bookmark: _Ref83046685]Picolax© and Citrofleet© are oral bowel cleansing solutions made up of sodium picosulfate and magnesium citrate.  Sodium picosulfate is a prodrug: it is hydrolysed by bacteria in the colon to the active metabolite 4,40 -dihydroxydiphenyl-(2-pyridyl)methane, which acts as a stimulant on the bowel (43). Magnesium citrate is an osmotic laxative.  The two constituents act in an additive manner to clear the colon (44).
[bookmark: _Ref160285319][bookmark: _Toc167893032]Bowel preparation grading
The aim of bowel preparation is to permit a view sufficient to visualise the bowel mucosa effectively, allowing diagnosis of all lesions present. Put simply, that which is obscured from view can’t be diagnosed.  Identifying a metric for this aim to define adequacy in clinical practice, has led to the development of several different grading scales. The US multi-society task force for colorectal cancer defines adequate bowel preparation as “one which detects all polyps of >5mm in size”, since this is a clinically significant endpoint (45). Therefore, in an effective bowel preparation metric, an “adequate preparation” would be expected to visualise all >5mm polyps, whereas in an “inadequate preparation” >5mm polyps could be missed.  It should also correlate with other markers of the quality of endoscopy, such as the adenoma detection rate (ADR) and caecal intubation rate (CIR)(46).  The scale should also be reliable and reproducible, demonstrated by high intra-observer and inter-observer reliability.  Several scales have been developed to grade bowel preparation, outlined below.   
[bookmark: _Toc167893033]Aronchick Scale
The first scale that formerly described the grading of bowel preparation was the Aronchick scale(47).  This scale grades the bowel preparation on a 5-point categorical scale ranging from inadequate to excellent (see Table 2).  











	Grading in Aronchick Scale
	Definition

	Excellent
	Small volume of clear liquid or greater than 95% of surface seen

	Good
	Large volume of clear liquid covering 5 to 25% of the surface but greater than 90% of surface seen.

	Fair
	Some semisolid stool that could be suctioned or washed away but greater than 90% of surface seen.

	Poor
	Semisolid stool that could not be suctioned or washed away and less than 90% of surface seen.

	Inadequate
	Solid stool that impedes the vision. Repeat preparation and colonoscopy is needed.


[bookmark: _Ref80751224][bookmark: _Toc167893187]Table 2- The grades of the Aronchick scale and corresponding luminal view
Adequacy is defined by the percentage of the bowel which is clear, and a subjective assessment of the view of the rest of the bowel. The scale’s development included the review by five gastroenterologists of several recorded colonoscopy procedures.  Each recorded procedure had the bowel preparation graded using four different scales.  The scale which had the highest inter-observer reliability became the Aronchick Scale (48). Subsequently this scale, and variants using categorical scales, have become routinely used in clinical practice for the grading of bowel preparation (49).  However, it has not been extensively validated or correlated to other endpoints of colonoscopy quality, such as ADR and need-for-repeat colonoscopy. 
The Aronchick scale grades the bowel as a whole. Lesions in the bowel can be localised, and focal areas of poor preparation could lead to a significant lesion being missed, whilst still fulfilling the criteria for an adequate preparation. Also, conceptualising the percentage of bowel wall visualised is challenging.  An adult colon ranges from 70cm to over a metre in length, as such making an accurate assessment on the percentage of bowel that is observed is difficult(50). This is even more pertinent as the endoscopist would be occupied by other aspects of the procedure. Furthermore, there are no clear-cut delineations between the different grades.  Although 90% of the bowel may be clear in a “fair” preparation, 10% of the bowel is still obscured. This leaves approximately 10cm of an average length bowel that would not have been adequately assessed(1).  The relevance of this is underlined by Rostom and colleagues who demonstrated that the Aronchick scale did not correlate with segmental adequacy(51).    The only grading deemed inadequate is one in which the completion of the endoscopy is limited by poor preparation.  Completion of the examination to the caecum is important, and CIR is a marker of the quality of colonoscopy (49), however this does not take into consideration pathology which may be missed by poor preparation, even if the caecum is reached.
Finally, the subsequent assessment of inter-observer reliability of this scale was suboptimal with a kappa intraclass correlation coefficient (ICC) of 0.31(51).  These shortcomings highlight the need for more precise and clinically relevant bowel preparation scales.
[bookmark: _Toc167893034]The Ottawa Bowel Preparation Scale (OBPS)
Rostom and colleagues devised the OBPS in 2004. The scale separates the bowel into 3 segments, the right colon (caecum and ascending colon), the mid colon (transverse/descending colon) and the rectosigmoid.    The grade for each segment ranges from 0 (excellent) to 4 (poor). The preparation is graded on first viewing, before washing and suctioning.  A separate score is also added for the quantity of fluid aspirated (0-2).  This leads to a total score of 0-14; the higher the score the worse the quality of the preparation(51). In an initial validation of this score, 20 colonoscopies had their preparation quality graded by an endoscopist and an observer.  The bowel preparation was graded using the OBPS as well as the Aronchick scale.  The reliability of the OBPS was superior, demonstrated by a Pearson correlation coefficient of .89 for OBPS and .62 for the Aronchick scale (p < .001), and a Kappa ICC of .93 and .65 (p < .001) respectively (51).  Subsequently, Martinato measured the correlation between endoscopists and nurses recording the OBPS. The physician and endoscopy nurse graded 150 colonoscopy procedures.  The Pearson correlation coefficient, however, in this study was more modest (r = .601) (52). 
Dividing the bowel allows the observer to consider each segment’s cleansing separately. The observer can then make an overall judgement on the whole colon, based on the individual segments. Colonoscopy technique involves intubation of the colon to the caecum, performed safely and effectively with the use of suction and washing of fluid on insertion.  Subsequently, withdrawal is undertaken, where “the examination begins”: the thorough assessment of the bowel mucosa is carried out during withdrawal(1).  It appears logical to assess the bowel preparation quality at this time, as the assessment for pathology is when the adequacy of cleansing is most pertinent.  Contrary to this, in OBPS the bowel preparation is scored before any cleaning manoeuvres.  This gives an idea of the effectiveness of the bowel preparation regime itself, without manoeuvres the endoscopist has undertaken to optimise it.  Therefore, a low OBPS score requires minimal intraprocedural cleansing.  There are some practical considerations for grading OBPS. During insertion, luminal views can be poor, as minimal insufflation of the colon aids intubation, and minimises patient discomfort. Therefore, during intubation colonic views to assess preparation may be suboptimal.  To overcome this, the OBPS could be carried out as withdrawal commences, however, it would be improbable that an endoscopist would be able to successfully reach the caecum without having to undertake some cleaning manoeuvres to achieve it.
[bookmark: _Toc167893035]The Chicago Bowel Preparation Scale (CBPS)
Similarly, to the OBPS, the CBPS grades the quality of the bowel preparation before suctioning and washing. The bowel is divided into 3 segments: right, transverse, and left; and quantifies the water aspirated.  The CBPS was also designed so that scores could be aligned with categorical grading of bowel preparation(53).  The score is more detailed than the OBPS, with 5 potential grades per segment that are on a non-linear scale (see Table 3). The absolute quantity of water aspirated is also required. A higher segment score signifies better preparation, whereas, the lower the score of the water aspirated, the more effectively the bowel is cleared (53).  

	Grading in CBPS
	Description of preparation

	0
	Unprepared colon segment with stool that cannot be cleared (>15% of the mucosa not seen)

	5
	Portion of mucosa in segment seen after cleaning, but up to 15% of the mucosa not seen because of retained material

	10
	Minor residual material after cleaning, but mucosa of segment generally well seen

	11
	Entire mucosa of segment well seen after cleaning

	12
	Entire mucosa of segment well seen without washing (suctioning of liquid allowed)

	CBPS grading of fluid aspirated
	Description

	3
	Large amount of fluid (>300 cc)

	2
	Moderate amount of fluid (151–300 cc)

	1
	Minimal amount of fluid (51–150 cc)

	0
	Little fluid (≤50 cc)


[bookmark: _Ref80752082][bookmark: _Toc167893188]Table 3 - Categorisation of the CBPS. CBPS, Chicago Bowel Preparation Scale.
The scale was designed so that a score below 25 would correlate with less than 95% mucosal visualisation, paralleling the Aronchick scale. This figure would also delineate a cut-off for adequacy. A study assessing the CBPS recruited 150 participants who had their bowel preparation measured by both the endoscopist performing the procedure and a second observer.  This second observer was a physician’s associate who had 29 years’ experience within gastroenterology and performed sigmoidoscopy independently.  Both observers rated the CBPS, OBPS, the Boston Bowel Preparation Scale (BBPS), and a dichotomous adequate/inadequate scale.  The observers were blinded to each other’s scores.  The Kappa ICC between the OBPS, BBPS and CBPS for the different segments ranged between 0.402-0.655, 0.545-0.644, and 0.630-0.702 respectively, and although the CBPS tended to have a higher degree of agreement it was not statistically significant.  Out of the 146 graded dichotomously as adequate, both observers graded 145 of the cases with the CBPS between 25-36 with two separate cases (1 each by each observer) graded as 20. The 3 colonoscopies scored inadequate on the dichotomous scale, were also scored inadequate in all 3 scales by both observers(53). It must be borne in mind that both observers were from the institution that created the score and would therefore have a vested interest, as well as greater familiarity, with it, raising the possibility of bias.  Furthermore, the physician’s assistant and endoscopist viewed the endoscopy contemporaneously, and although they completed the scores independently, they would have had an opportunity to discuss between cases, potentially introducing further bias. The CBPS refines the approach to grading, compared with the OBPS, by considering that washing would occur before grading of bowel preparation, however, the degree of washing that occurs affects the overall score of the preparation.  Adequate preparation can be achieved with washing, but to achieve the highest score, no washing should occur.  This would be the optimum outcome from bowel preparation regime from an endoscopic viewpoint, as it would allow an ideal view with no cleaning manoeuvres required.  However, the score is more complex than other segmental grading scales, which may limit its applicability to clinical practice(53)

[bookmark: _Toc167893036]The Harefield Cleansing Scale (HCS)
HCS was devised as a bespoke bowel preparation scale for the assessment of a new PEG-based bowel preparation.  In this scale the bowel is divided into 5 segments, with each segment graded as 0-4.  A higher score signifies a more effective cleansing.  The score is calculated after cleaning, although the optimal score can only be achieved if no cleaning is required. Subsequently, this linear scale is converted into an ordinal scale grade of A, B, C, or D; with grades A and B deemed adequate and C and D deemed inadequate (see Figure 3) (54).
[image: ]
[bookmark: _Ref80752429][bookmark: _Toc167893221]Figure 3 - Categorisation of the Harefield Cleansing Scale
In a validation study, 337 participants were recruited.  Video recordings were reviewed by three expert gastroenterologists who scored both the HCS and Aronchick grading of the bowel preparation.  There was agreement between the Aronchick scale and the HCS with a Pearson correlation of r = .833.  The ICC for the HCS was only modest with a Kappa ICC = .463. Furthermore, there was a disagreement between the investigators and experts on whether the bowel preparation was adequate as defined by HCS in 36 cases (11.22%).  The ADR across the groups was compared with A = 26%, B = 26.4%, C = 25% and D = 0%.  There was no statistically significant difference between the groups.  This validation study indicates potential shortcomings of this scale, with both below expectation of interobserver reliability and inadequate differentiation for polyp detection (54). 
[bookmark: _Ref80883321][bookmark: _Ref80889906][bookmark: _Ref82448754][bookmark: _Ref84855646][bookmark: _Toc167893037]The Boston Bowel Preparation Scale (BBPS)
The BBPS was first described by Lai and colleagues in 2009. In this scale, the bowel is divided into three segments, right (caecum to hepatic flexure), transverse (hepatic flexure to splenic flexure), and left (splenic flexure to rectum).  Each segment is scored between 0-3, with 3 being optimal (see Table 4) (55).





















	BBPS grade
	Description of grade
	Example of grade

	0 
	Unprepared colon segment with mucosa not seen due to solid stool that cannot be cleared.
	[image: ] (56)

	1
	Portion of mucosa of the colon segment seen, but other areas of the colon segment not well seen due to staining, residual stool and/or opaque liquid.

	[image: ] (57)

	2
	Minor amount of residual staining, small fragments of stool and/or opaque liquid, but mucosa of colon segment seen well.
	[image: ] (58)

	3
	Entire mucosa of colon segment seen well with no residual staining, small fragments of stool and/or opaque liquid
	[image: ] (59)


[bookmark: _Ref83714944][bookmark: _Toc167893189]Table 4 - Grading of BBPS. BBPS, Boston Bowel Preparation Scale.
The preparation is graded on withdrawal after all cleansing activities have been undertaken.    It has been demonstrated that a prolonged withdrawal time is associated with a higher ADR, and a minimum of six minutes is advised, although an assessment of greater than 10 minutes is associated with an even higher ADR (60, 61).  
There have been several studies to assess inter and intraobserver reliability of the BBPS (see Table 5).

	Trial author
	Videos/images reviewed
	Number of reviewers
	Country of origin
	interobserver reliability
	Intra observer reliability

	Lai(55)
	3 videos
	22
	USA
	0.74 (substantial)
	0.77 (substantial)

	Calderwood(62)
	10 videos
	12
	USA
	0.91 (near perfect)
	0.78 (substantial)

	Gao(63)
	3 videos
	49 in initial interobserver assessment and 13 in intra observer assessment
	China
	0.987 (near perfect)
	0.671 (good)

	Massinha(64)
	12 videos, 93 images
	36
	Portugal
	0.783 (substantial)
	

	Kim (65)
	482 videos
	6
	South Korea
	0.9 (near perfect)
	


[bookmark: _Ref80695245][bookmark: _Ref80695233][bookmark: _Toc167893190]Table 5 - Validation studies of BBPS
The BBPS has been assessed in American, Chinese, Portuguese and South Korean populations with substantial to near perfect inter and intra observer reliabilities demonstrated (64).
Lai and colleagues  reviewed the correlation between polyp detection rate (PDR) and BBPS in 633 colonoscopies(55). The PDR in endoscopies with BBPS ≥ 5 was 40% vs 24% (P <0.02) in BBPS <5.  Comparatively a repeat colonoscopy was recommended in 2% with a BBPS score of ≥ 5, but 73% in a BBPS of less than 5.  Both insertion times and withdrawal times also correlated with the BBPS score (55).  
The correlation of BBPS with PDR was also demonstrated by Gao and Calderwood.  Calderwood and colleagues reviewed 983 screening colonoscopies.  They found that a BBPS score of 2 and 3 had a significantly higher PDR compared to 0 and 1 in the left and right colon (OR 2.58 (95% CI 1.34-4.98) and OR 0.7 (95% CI 0.48-1.96))(62).  Gao prospectively analysed 1 012 colonoscopies. They demonstrated a stepwise increase in PDR with increasing BBPS (BBPS 1 = 0%, BBPS 2= 0%, BBPS 3= 14%, BBPS 4 =20%, BBPS 5 = 29%, BBPS 6 = 35%, BBPS 7 = 32%, BBPS 8=37% and BBPS 9 = 40%).  The PDR was 35% with a BBPS of greater or equal to 5 and 18% for less than 5.  The group sizes varied, with a score of < 5 being significantly lower, with only 131 patients, compared to 881 in those who had a BBPS ≥ 5 (63). Both of these studies indicate the correlation of increasing BBPS score with PDR, however they may be at risk of observer-expectancy bias, as a polyp could be expected to be seen in a segment with a higher BBPS.  Kim and colleagues also measured the correlation of BBPS and PDR.  They utilised an intensive bowel preparation regime, thorough education, a strict exclusion criterion and a young population within their study, leading to a high proportion (79.9%) with a high BBPS (≥ 7). PDR was significantly different between the higher scoring BBPS (≥ 8) and the other BBPS scores (44.9% vs 33% p=0.042), moreover, a better BBPS on the right side correlated with a higher pick up of polyps (r = 0.107, p = 0.018) (65).
Correlation between advanced adenoma detection rate (AADR) (advanced adenoma as defined by: >1cm, >3 polyps, villous or high-grade dysplasia) and BBPS was conducted by Jain and colleagues.  Endoscopists were trained in BBPS scoring and prospectively scored the BBPS in 360 colonoscopy examinations. These were grouped into 3 categories, 0-3 (poor bowel preparation), 4-6 (suboptimal), and 7-9 (adequate bowel preparation). The “poor bowel preparation” group had a significantly lower AADR of 3.8% compared with both the suboptimal and the adequate group. The AADR in the suboptimal group was also significantly lower than the adequate group, 14.8% and 16.7% respectively (p<0.05)(66).  The detection of AADR increased with BBPS across segments, as demonstrated in Table 6.


	
	Right colon AADR (%)
	Transverse colon AADR (%)
	Left colon AADR (%)

	BBPS 1
	3.0
	0.0%
	0.0

	BBPS 2
	6.8
	4.4%
	10.0

	BBPS 3
	8.1
	7.4%
	11.5


[bookmark: _Ref81643255][bookmark: _Ref80697648][bookmark: _Toc167893191]Table 6 - AADR per segment with respect to BBPS as demonstrated by Jain et al. AADR, advanced adenoma detection rate; BBPS, Boston bowel preparation scale.
Interestingly Jain included a BBPS score of 6 in the suboptimal group.  This is often deemed adequate bowel preparation.  The data is not split for individual BBPS scores, so it is not clear whether a BBPS score of 6 was associated with a lower AADR in this cohort.  However, as Table 6 demonstrates, the difference between a BBPS of 1 and 2 is more clinically significant than the difference between BBPS 2 and 3(66). 
Kluge and colleagues performed a comparative study assessing whether inadequate preparation leads to missed polyps on subsequent colonoscopy. A BBPS grade of ≥ 2 defined adequacy.  They performed a retrospective analysis of patients who had undergone a repeat colonoscopy over a 3-year period.  Segments of the bowel were paired for adequacy of preparation, with both inadequate and adequate segments paired with subsequent adequately prepared segments. Paired segments were excluded if segments were graded as inadequate at the second colonoscopy.  There were 248 colon segments in the inadequate group, compared with 507 in the adequate group.   In the initial colonoscopy, there was a higher number of polyps seen (27% vs 6% p<0.0001) in the adequate vs inadequate group.  There was also a higher number of advanced polyps as defined by size >9mm (15% vs 3% p < 0.0001)(67).  Within the segments at the second colonoscopy, a significantly higher PDR was seen when the initial segment had inadequate preparation (10% vs 5% p=0.04). If polyps were seen on the initial examination, advanced polyps were much more likely to be found in the second colonoscopy if the preparation at the initial colonoscopy was inadequate (20% vs 4% p=0.03). For the individual patient, if no polyps were seen at their initial examination, they were statistically more likely to have polyps seen in the subsequent examination if the initial colonoscopy’s preparation was inadequate compared to adequate (18% vs 7% p=0.05)(67).  These findings indicate the greater polyp miss rate with a BBPS of 1 compared with a BBPS of ≥ 2.
An even more robust assessment of the effect of segmental BBPS grade on polyp detection was conducted by Clark and colleagues (68).  They assessed what degree of bowel preparation could be deemed adequate for polyp detection using the BBPS scale. They recruited 438 male patients.  Having had a colonoscopy, participants had it repeated within two months of the initial test.  Segments from the second colonoscopy were only included if they had a BBPS of 3. It was demonstrated that there was not a significant difference in polyp detection between segments that scored 2 or 3 at the participants’ first colonoscopy.  However, segments with a BBPS of 1 at initial examination had an absolute increase in missed adenoma >5mm of 10.3% compared to 3, and 10.7% compared to 2.  Diagnosis of advanced adenomas between the groups was not demonstrated to be significant but did tend towards being missed in 1 compared to 3 in 4.4% of cases (CI -0.5 to 9.9%) and 2 in 4.3% of cases (-0.7 to 9.7%)(68).  In patients with a BBPS score of 2/3 15.1% had an >5mm adenoma missed compared to 28.8% in the group with a BBPS with at least one segment scoring 1.  Considering the findings of the repeat endoscopy, 16.3% of patients with a BBPS of 6 would require a change in their surveillance colonoscopy frequency as defined by the US Preventative Taskforce (see Table 7), whereas patients with at least one segment having a BBPS of 1 would require a change in the surveillance frequency in 43.5% of cases.  This data delineates that polyps are less likely to be missed in higher BBPS scores and that an adequate score of 6, with no segments scoring 1, identifies a lower risk of missing polyps(68).

	1. Patients with small rectal hyperplastic polyps should be considered to have normal colonoscopies, and therefore the interval before the subsequent colonoscopy should be 10 years; an exception is patients with a hyperplastic polyposis syndrome; they are at increased risk for adenomas and colorectal cancer and need to be identified for more intensive follow-up evaluation 

	2. Patients with only 1 or 2 small (1 cm) tubular adenomas with only low-grade dysplasia should have their next follow-up colonoscopy in 5–10 years; the precise timing within this interval should be based on other clinical factors (such as prior colonoscopy findings, family history, and the preferences of the patient and judgment of the physician) 

	3. Patients with 3 to 10 adenomas, or any adenoma >1 cm, or any adenoma with villous features, or high-grade dysplasia should have their next follow-up colonoscopy in 3 years providing that piecemeal removal has not been performed and the adenoma(s) is removed completely; if the follow-up colonoscopy is normal or shows only 1 or 2 small tubular adenomas with low-grade dysplasia, then the interval for the subsequent examination should be 5 years 

	4. Patients who have more than 10 adenomas at 1 examination should be examined at a shorter (<3 y) interval, established by clinical judgment, and the clinician should consider the possibility of an underlying familial syndrome


[bookmark: _Ref85796598][bookmark: _Toc167893192]Table 7 – United States Task force recommendations on polyp surveillance (69)
[bookmark: _Toc167893038]Comparison between scales
There has been little direct comparison between different bowel preparation scores, other than with segmental scales and Aronchick grading.  Heron and colleagues set out to compare 3 of the segmental scales.  They recorded 83 colonoscopy videos which were scored by three different observers.  The observers graded the bowel preparation using the BBPS, CBPS, and the HCS, in random order between the reviews. The intra observer reliability was substantial for all 3 scales.    Kappa values for inter-observer reliability were 0.75, 0.8 and 0.39 respectively, indicating that the BBPS and CBPS were more reliable scores than the HCS(70).  Observers also commented on whether they felt that the preparation was adequate to detect a lesion >5mm.  All scales demonstrated a significant difference between the score in which a 5mm lesion would, or would not, have been detected.  Concerning the BBPS, ROC scores identified 6 as an optimal score for adequate prep (AUC 0.91, Sensitivity 90.9%, Specificity 90%), and CBPS of 26 (AUC 0.96, sensitivity 93.9% and specificity 88%).  The observers did not receive specific training or calibration of the bowel preparation scales before the study, which may have affected the inter-observer reliability.  The ease of use of each scale was also assessed, with the BBPS deemed the simplest to use  (70).
[bookmark: _Toc167893039]Summary of bowel preparation grading scales
Grading of bowel preparation is how adequacy is contextualised. Categorical scales, such as the Aronchick scale have been used for the longest period but lack precision.  The OBPS and BBPS scales divide the colon into segments, and the HCS and CBPS both combine elements of categorical and segmental grading scales, somewhat increasing the complexity of the grading. The scales also differ with respect to at which point in the colonoscopic examination that the grading is conducted.  The BBPS grades after all cleansing techniques have been conducted, with the other scales grading before any cleansing techniques.  As such, the scales, although grading the preparation quality, are measuring two different outcomes. The scales assessing bowel preparation quality on insertion of the endoscope pre-washing, measure the effectiveness of the bowel preparation regime alone. However, the key observation period for polyps occurs during withdrawal and this is when preparation quality is most pertinent to optimise polyp detection.  Throughout both insertion and withdrawal washing would be routinely used. As such the BBPS scale is more clinically relevant, as it describes the cleansing quality during the assessment for polyps, which is the goal of most colonoscopic examinations. The evidence demonstrates that all the segmental scales and hybrid segmental/categorical scales, offer increased interobserver reliability over simpler categorical scales.  The BBPS has been most extensively validated, with several studies demonstrating both inter observer reliability and association with polyp detection.  This has been conducted in several studies, but not within the UK.  Increasing BBPS is associated with PDR, with a score of 2 in a segment leading to the greatest clinically significant cut-off. As such, a BBPS segmental score of 2 is a clinically useful marker of adequacy. 


[bookmark: _Toc167893040]Inadequate bowel preparation; its sequelae and causes
[bookmark: _Toc167893041]The effect of poor bowel preparation
Bowel preparation is a prerequisite for effective colonoscopy (1, 35, 36).  If well-cleared, an adequate view of the bowel can be achieved.  The endoscope must reach the caecum to ensure the whole colon is viewed.  However, even if the caecum is intubated, the mucosal view must be sufficient so that lesions are not obscured. As described above (see Adenomas and Sessile serrated lesions), polyps are the precursor to CRC.  The causes, and effects on ADR, of inadequate bowel preparation, are explored below.
[bookmark: _Ref84150847][bookmark: _Toc167893042]Adenoma detection rate
ADR is defined as the number of colonoscopies that detect at least one adenoma over the total number of colonoscopies performed. It is one of the primary indicators of the quality of colonoscopy  (49).  As such, factors which have a systematic effect on ADR also are intrinsically linked to the quality of colonoscopy.  ADR is linked to the future risk of CRC.  A patient with no CRC found at index colonoscopy is significantly less likely to subsequently develop cancer if the endoscopist had a high ADR (71) (72). 
The effect of bowel preparation on ADR was demonstrated by Sulz and colleagues who conducted a meta-analysis including 27 studies, both prospective and retrospective.  The adequacy of bowel preparation was graded using a categorical scale.  Poor bowel preparation led to a reduced chance of detecting both small and advanced adenomas (Odds ratio (OR) 0.53 (95% confidence interval (CI) 0.46-0.62) and 0.74 (95% CI 0.62 – 0.87) respectively) (73).   This was a finding echoed in a study by Clark and colleagues, performing a meta-analysis including 11 studies, with the bowel preparation divided into a trichotimised scale of high, intermediate, or low quality.  Neoplasm detection did not differ significantly between high and intermediate cleansing (OR 0.94 (95% CI 0.8 -1.1) but did between high and lower quality cleansing (OR 1.41 (95% CI 1.19-1.42)) and intermediate and lower quality cleansing (OR 1.39 (95% CI 1.08 -1.79)) (74). These studies indicate that adequate bowel preparation has a significant effect on adenoma detection, with an indication that high quality, or excellent preparation, adds little additional benefit.  This was further demonstrated by Clarke (see in The Boston Bowel Preparation Scale (BBPS))(68).  Furthermore, in a retrospective review of 9245 colonoscopies, the most optimal bowel preparation, defined as a BBPS of 9, was found to have a significantly lower PDR and ADR than adequate, but less thorough cleanse (BBPS 6-8)(75). 
Within these studies, polyp detection is consistently associated with the quality of bowel preparation and inadequate bowel preparation is a cause of missed polyps at colonoscopy. 
[bookmark: _Toc167893043]Post colonoscopy colorectal cancer
Colonoscopy is the gold standard diagnostic procedure for CRC.  It is also a therapeutic intervention.  Cancers develop in polyps, and if removed at colonoscopy, the subsequent risk of cancer is quelled (76). A polyp takes time to transform into a malignant lesion(18).  It is not certain how long this takes, but Stryker and colleagues demonstrated that a one-centimetre polyp has a 10% risk of becoming malignant over a ten-year period (13). Cancer occurring in the period shortly after a colonoscopy is felt likely to have developed in a polyp that was not diagnosed at the previous colonoscopy. These cancers are termed Post Colonoscopy Colorectal Cancers (PCCRC)(77). A lower PCCRC is an indicator of higher quality colonoscopy.  A high ADR is associated with a low PCCRC (72, 78). 
The risk of a polyp containing cancer or being at great likelihood of progressing to cancer is associated with both size and morphological features.
Different methods of characterisation have been developed to group polyps with similar features.  Two key factors of morphology have been demonstrated to be pertinent to cancer risk, gross structure of the polyp and surface mucosal pit pattern.  Different tools have been utilised to formalise the assessment of these factors.  An example of the assessment of gross morphology is the Paris Classification, and of surface mucosal pit pattern is the Kudo Classification(79, 80).  Specific features are associated with differing risk of cancer, with the greatest risk seen in Paris IIc (30-50%) And Kudo V (>50%) (81-83). Size of polyp is also a factor in the risk of the polyp containing cancer. Although, size has an effect on the likelihood of malignancy within the polyp, other factors are more pertinent.  Flat polyps greater than 2cm in size are termed lateral spreading tumours (LST). Burgess and colleagues demonstrated that location in the bowel, surface appearance and the presence of nodules are key determining features of LSTs association with malignancy.  As such, within a rectal LST that has a smooth non granular surface and contains a nodule the risk of the polyp containing cancer is approximately 16%, compared with a granular surfaced flat caecal polyp that would have a risk of less than 1%(84).    Therefore, although polyp detection is important, not all polyps carry the same risk of or, progression to, cancer.
In a study of a cohort of patients with PCCRC in Australia it was found that bowel preparation was poor in a third of the index colonoscopies, and that the presence of poor bowel preparation had an OR of 4.19 (95% CI 1.43 to 12.3) for subsequent PCCRC (85). 
The increased risk of PCCRC, coupled with the reduced ADR indicates the importance of adequate bowel preparation in reducing missed significant neoplasms which have the potential to become malignant.
[bookmark: _Ref80734580][bookmark: _Ref83740303][bookmark: _Toc167893044]Factors that affect the quality of colonoscopy
There are three main determinants of the adequacy of cleansing; the bowel preparation regime that is utilised, the patient understanding and compliance with the regime, and independent patient-related risk factors (see Figure 4 - Factors that affect bowel cleansing quality).

[bookmark: _Ref84951700][bookmark: _Toc167893222]Figure 4 - Factors that affect bowel cleansing quality 
[bookmark: _Toc167893045]Bowel preparation regime
The bowel preparation regime is comprised of several dietary instructions and the use of a bowel cleansing purgative. Patients can be advised on a period of pre-endoscopy fast and a specific diet.  A clear liquid diet or low residue diet (LRD) have been advised, but an LRD is better tolerated with a similar degree of bowel cleansing found(86).  Several bowel preparation purgatives are available in the UK (see - Bowel preparations for colonoscopy in the UK).  Timing of bowel preparation plays a pivotal role in the effectiveness of the cleansing.  The closer the purgative is taken to the procedure, the more effectively the bowel is cleared, with five hours demonstrated to be the optimal time(35, 87).  As such, both bowel preparation that is split (a portion given the day prior, with the rest given on the day), and given on the same day as the procedure, has been demonstrated to lead to better bowel cleansing than day before preparation(87-89).
[bookmark: _Toc167893046][bookmark: _Ref167986841]Risk factors for poor bowel preparation
Several studies have investigated factors that lead to an increased risk of poor bowel preparation (see Table 8).

	Author
	Population
	Number of patients
	Risk factors

	Wong CS, 2008 (90)
	Hong Kong
	5 470
	Age, male, smoker

	Lebwohl B, 2009(91)
	USA
	10 921
	Medicaid status, unmarried patients, increased age, male, inpatient status, later time of the day 

	Fatima H, 2010 (92)
	USA
	429
	Ingestion of <90% of preparation, male, medications associated with constipation, comorbid conditions

	Hassan 2012(93)
	USA
	925
	Overweight, male, high body mass index, previous colorectal surgery, cirrhosis, Parkinson’s disease, diabetes, positive faecal occult blood test

	Yee R, 2015(94)
	Canada
	2 101
	Stroke/dementia, opioids, male, calcium channel blockers, antidepressants

	Dik 2015(95)
	Netherlands
	1 331
	American Society of Anaesthesiologists physical status classification system >2, use of tricyclic antidepressants, use of opioids, diabetes, chronic constipation, history of abdominal/pelvic surgery, history of inadequate preparation, inpatient status

	Gimeno-Garcia AZ, 2016(96)
	Spain
	667
	Antidepressants, co-morbidities, constipation, abdominal/pelvic surgery

	Lee D, 2017(97)
	South Korea
	404
	Infrequent bowel motions and diabetes

	Mahmood S, 2018(98)
	Multiple
	49 868
	Age, male, inpatient status, diabetes, hypertension, cirrhosis, narcotic use, constipation, stroke, and tricyclic antidepressants use


[bookmark: _Ref85796599][bookmark: _Toc167893193]Table 8 -  A summary of the studies investigating the factors associated with inadequate bowel preparation. USA, United States of America
Factors overlap across several of the studies.  Male sex, age, and constipation appear consistently(90, 92-99). It appears logical that the slower bowel transit and more impacted stool seen in constipation, lead to a bowel that is more difficult to clear.  Several of the other factors have been identified as secondary causes of constipation (see Table 9 and Table 10), and this may be a common underlying mechanism. Two medications that are regularly associated with poor bowel preparation are opioids and tricyclic antidepressants (TCA)(94-96, 98).  Opioids act upon the mu receptor on the bowel, which in turn leads to reduced colonic transit, delayed gastric emptying, and increased fluid absorption in the GI tract (100).  TCA are potent anticholinergic medications(101).  Acetylcholine is the primary neurotransmitter in the gut, stimulating smooth muscle contraction causing peristalsis through the intestine(102).  Anticholinergic drugs block both the action of acetylcholine and the interstitial cells of Cajal, which play a role in the slow-wave progression throughout the bowel(103).   Diabetes mellitus is associated with microvascular and macrovascular complications (104).  The severity of the complication correlates with the degree of glycaemia and the duration of the disease (105).  Neurological complications occur due to microvascular damage (104). Diabetic enteropathy can cause diarrhoea or constipation, however, it appears to be consistently a risk factor for poor bowel preparation (106) (107).  
As well as conditions that directly cause constipation, indirect effects can also occur.  An increased burden of disease can affect functional status.  Transit in the colon is affected by physical activity(101).  By reducing physical activity, comorbidities may indirectly affect the transit within the colon.  Furthermore, polypharmacy, which goes hand in hand with significant comorbidity, is often associated with an increased risk of constipation (101, 102). Another key determinant of bowel cleansing quality is adherence to preparation instructions (108, 109).  This can be challenging to undertake, and patients with severe comorbidities may have further increased difficulty. Hospital inpatients typically fit within this group, and not unsurprisingly consistently have poor bowel preparation (98).


	Categories
	Examples

	Mechanical obstruction
	Postsurgical abnormalities
Strictures: diverticular or postischemic
Megacolon
Anal fissure    
Colon cancer
External compression from malignant lesion
Rectocele (if large)

	Myopathies
	Amyloidosis
Sarcoidosis
Scleroderma

	Neuropathies
	Spinal cord injury or tumour
Cerebrovascular disease
Multiple sclerosis
 Parkinson's disease

	Metabolic causes
	Diabetes mellitus
Hypothyroidism
Hypercalcemia
Hypokalaemia
Hypomagnesemia
Uraemia
Heavy metal poisoning

	Other conditions
	Depression
Degenerative joint disease
Autonomic neuropathy
Cognitive impairment
Immobility
Cardiac disease


[bookmark: _Ref85796600][bookmark: _Toc167893194]Table 9 - Secondary causes of constipation (84)


	Class
	Examples

	5-HT3 receptor antagonists
	Ondansetron

	Analgesics
	

	    Opiates
	Morphine

	    Nonsteroidal anti-inflammatory agents
	Ibuprofen

	Anticholinergic agents
	

	    Tricyclic antidepressants
	Amitriptyline > nortriptyline

	    Antiparkinsonian drugs
	Benztropine

	    Antipsychotics
	Chlorpromazine

	    Antispasmodics
	Dicyclomine

	    Antihistamines
	Diphenhydramine

	Anticonvulsants
	Carbamazepine

	Antihypertensives
	

	    Calcium channel blockers
	Verapamil, nifedipine

	    Diuretics 
	Furosemide

	    Centrally acting
	Clonidine

	    Antiarrhythmics
	Amiodarone

	    Beta-adrenoceptor antagonist
	Atenolol

	Bile acid sequestrants
	Cholestyramine, colestipol

	Cation-containing agents
	

	    Aluminium
	Antacids, sucralfate

	    Calcium
	Antacids, supplements

	    Bismuth
	

	    Iron supplements
	Ferrous sulphate

	    Lithium
	

	Chemotherapy agents
	

	    Vinca alkaloids
	Vincristine

	    Alkylating agents
	Cyclophosphamide

	Miscellaneous compounds
	Barium sulphate, oral contraceptives, polystyrene resins

	Bisphosphonates
	Pamidronate and alendronic acid

	Antidepressants
	Monoamine oxidase inhibitors

	Antipsychotics
	Clozapine, haloperidol, risperidone

	Antiparkinsonian drugs
	Dopamine agonists

	Antispasmodics
	Mebeverine, peppermint oil

	Sympathomimetics
	Ephedrine, terbutaline


[bookmark: _Ref85796601][bookmark: _Toc167893195]Table 10 - Medication that exacerbate or cause constipation (84)













The largest cohort of patients that were involved in the assessment of risk factors was undertaken by Mahmood and colleagues.  They undertook a meta-analysis which included 24 studies, comparing 49 868 patients, of whom 9 928 (19.9%) had inadequate bowel preparation(98).  These patients were taken from populations across America, Europe, Australia, and Asia.  A diverse cohort, although potentially increasing heterogeneity of the sample, improves the generalisability of the findings.  The timing and preparation used varied between studies, with PEG being the most common bowel preparation used.  The outcome scale also varied, with several different grading scales utilised.  Furthermore, heterogeneity was also high with I2 scores >40% for almost all risk factors (excluding stroke and inpatient status). Heterogeneity indicates the degree to which outcomes are due to factors other than random chance. The higher an I2 score, the greater the likelihood that the variation in outcome from the different studies is related to factors other than chance, thus indicating systematic differences (110). Despite its limitations, this study still provides significant evidence of factors associated with poor preparation.  Shared characteristics between these studies of risk factors for poor preparation include: increasing age, male sex, and conditions associated with constipation or slowed colonic transit(98).
Awareness of the risk factors for poor bowel preparation is useful.  Quantifying the risk to the patient of poor bowel preparation is potentially even more advantageous clinically.  Those at high risk could be offered a more intensive augmented regime, potentially preventing poor preparation. Two studies have developed predictive scores for the quantification of the risk of inadequate cleansing.  Gimeno-Garcia and colleagues developed a model which incorporated antidepressants, co-morbidity, constipation, and previous surgery(96).  Each of these factors was assigned a score based on the likelihood of subsequent poor bowel preparation, and a cut-off score of 1.225 was found to have a sensitivity of 60.3% (95% CI 51.6-68.4), a specificity of 75.4% (95% CI 71.6-78.9) a positive predictive value (PPV) of 36.4% (95% CI 30.1-43.1) and a negative predictive value (NPV) of 89.1% (95% CI 85.9-91.6%) for inadequate preparation(96).  The score was derived from performing multivariate regression of risk factors for poor bowel preparation, defined by a BBPS score of <2 in at least 1 segment of the bowel, in a cohort of 667 patients.  Subsequently, a validation of the score was undertaken by the authors in a cohort of patients, with similar descriptive values seen(96). 
A second predictive score was developed by Dik and colleagues. A developmental cohort included 1331 patients.  The factors included were derived from a multivariate logistical regression of features associated with poor bowel preparation and can be found in Table 8 (95).  They defined adequacy as a BBPS ≥ 6. Each factor was assigned a score, with the total indicating the overall risk of poor bowel preparation.  A score of ≥ 2 was associated with a 66% sensitivity, 79% specificity, 29% PPV, and 95% NPV.  A score ≥ 3 was associated with a 43% sensitivity, 90% specificity, 34% PPV and 93% NPV.  A validation of this score was undertaken by the authors with comparable descriptive values obtained(95).
The sensitivity and PPV in these cohorts appear modest.  However, this should be considered alongside the risk of intervention employed in those that are at high risk.  Augmentation of bowel preparation involves the use of additional laxatives, enhanced education, prolonged pre-endoscopy diet, or a larger volume of bowel preparation cathartic(106, 111).  Although these interventions may be challenging for patients to comply with, the potential benefit is considerable.  A better-prepared bowel, as outlined above, is less likely to have pathology missed during colonoscopy, including a reduction in the chance of significant lesions that lead to cancer(68, 72, 85).  Furthermore, more effective cleansing would decrease the need for repeated examination and a second attempt at bowel preparation, which would likely be prepared for using an augmented purgative regime.  Therefore, although somewhat crude, the above predictive scores triage patients into their risk of poor bowel preparation, quantifying the individual risk. These scores have not been externally validated or used in a trial of an augmented regime for those found to be at high risk.
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[bookmark: _Toc167893047]The effect of patient educational interventions on bowel preparation quality
Bowel preparation for colonoscopy requires adherence to a set of complex instructions.  Poor adherence leads to inadequate preparation(108) (109, 112).  Patient understanding of colonoscopy and bowel preparation is affected by several factors: younger age, minority race, low income, education, low health literacy, anxiety, and naïve to colonoscopy (113). High anxiety relating to bowel preparation has been seen in 18% of patients(114). There is also a significant amount of anxiety related to the colonoscopic procedure itself, with 29% reporting high anxiety(114).  Unclear and confusing instructions, as well as no previous experience with a colonoscopy, were the most common causes of this anxiety(114). In a survey performed in the United States of America (USA),  98% of patients surveyed reported that a video and written information would be helpful to improve understanding of colonoscopy(115).  Educational theorist Bloom described a taxonomy of learning, in which the lower levels must be ascertained before climbing to higher levels of understanding (116). In this model understanding comes after knowledge provision, and before motivation. An effective educational intervention provides knowledge allowing understanding to be acquired, which in turn leads to motivation to flourish.  

[bookmark: _Toc167893223]Figure 5 - Bloom's taxonomy of learning(116)
The effect of several different educational modalities on bowel preparation quality has been assessed. These have been divided into 4 main themes: direct patient interventions, visual aids, mobile phone prompts and educational videos.

[bookmark: _Toc167893048]Search strategy
A search was performed using the PubMed search engine.  The strategy was designed to identify articles which were relevant to bowel preparation for colonoscopy and patient educational interventions and is summarised below (see Figure 6).  The search terms used for both arms of this strategy are outlined in appendix 6.








[bookmark: _Ref160265254][bookmark: _Toc167893224]Figure 6 - Summary of search strategy for studies relating assessing the effect of patient education on bowel preparation quality

[bookmark: _Toc167893049]Direct patient educational interventions
Face-to-face advice and instruction allow feedback between the educator and the learner.  As well as imparting information, understanding can be assessed, allowing further clarification.  The investigation of varying forms of this type of education has been undertaken in the studies outlined below.







	Study first author
	Year published
	Population
	Design
	Number of participants

	Modi(117)
	2009
	USA
	Endoscopist blinded multi centre RCT
	164

	Liu(118)
	2015
	China
	Endoscopist blinded single centre RCT
	605

	Shieh(119)
	2013
	Taiwan
	Pseudo randomised
	105

	Rosenfeld(120)
	2010
	Canada
	Block recruitment of inpatient
	38

	Elvas(121)
	2016
	Spain
	Endoscopist blinded multi centre RCT
	229

	Calderwood(122)
	2016
	USA
	Observational prospective study
	17 729

	Kalayjian(123)
	2015
	USA
	Case control retrospective study
	Not documented

	Lee(124)
	2015
	South Korea
	Quasi experimental model of inpatients undergoing colonoscopy
	205

	Abuksis(125)
	2001
	Israel
	Pseudo randomised
	142


[bookmark: _Toc167893196]Table 11 – Methodology of studies investigating the effect of direct patient education on bowel preparation quality. RCT, randomised controlled trial



	Study first author
	Purgative used, dosing, timing
	Intervention
	Placebo

	Modi(117)
	Not available
	Direct patient education following completion of questionnaire by patients
	Not available

	Liu(118)
	NaP, 1.5L, same day / PEG, 2L, same day
	Telephone education day before preparation
	Nursing education and patient booklet

	Shieh(119)
	NaP, 1.5L, split dose
	10-minute direct patient education conducted by physician
	Nursing education Illustrated booklet 

	Rosenfeld(120)
	PEG, 4L, day before
	Direct patient education by resident clinicians
	Simple verbal instructions

	Elvas(121)
	PEG, 4L, day before
	Personalised instructions conducted by nurse
	Verbal instructions

	Calderwood(122)
	Not documented
	Multiple PDSA intervention including telephone reminders
	N/A

	Kalayjian(123)
	Not documented
	Multiple PDSA intervention, including direct patient instructions
	N/A

	Lee(124)
	Split dose for morning and same day for afternoon
	Education of inpatient nursing teams
	No enhanced education for nursing teams

	Abuksis(125)
	Not documented
	Group 1 Targeted educational session and contact number for telephone advice
	Group 2 - Educational brochure
Group 3 – Educational brochure and contact number for telephone advice


[bookmark: _Toc167893197]Table 12 - Interventions used in studies investigating the effect of direct patient education on bowel preparation quality. PEG, polyethylene glycol; NaP, sodium phosphate



	Study first author	
	Measure of adequacy
	Primary outcome
	p value

	
	
	Intervention group
	Control group
	

	Modi(117)
	Universal Preparation Assessment Scale (fair or greater)
	56%
	44%
	p = .13 (NS)

	Liu(118)
	OBPS (<6)
	81.6% 
	70.3%
	p = .001*

	Shieh(119)
	BBPS (≥ 5)
	97.4%
	80%
	p = .01*

	Rosenfeld(120)
	Categorical
	Median 2 
	3
	p = .001*

	Elvas(121)
	Aronchick (excellent or good)
	62%
	35%
	p < .0001

	Calderwood(122)
	BBPS, Aronchick, dichotomous
	Inadequate rate dropped from 9% to 4%
	Not calculated

	Kalayjian (123)
	Non-attendance and poor preparation (scale not described)
	Successful attendance increased to 77% from 62%
	Not calculated

	Lee(126)
	OBPS (mean)
	Mean OBPS 4.42 
	6.15
	p < .001

	Abuksis(125)
	Completed procedures
	Group 1 = 95.6% vs
	group 2 = 73.7% vs group 3 84.6%
	P = .005


[bookmark: _Toc167893198]Table 13 - Outcomes of studies investigating the effect of direct patient investigation on bowel preparation quality. OBPS, Ottawa bowel preparation scale; BBPS, Boston bowel preparation scale


An initial assessment of the effect of enhanced patient education on endoscopy (including gastroscopy, bronchoscopy, and colonoscopy) was performed by Abuksis and colleagues.  It appears that it had been planned at the outset of the study that the control group would receive only a written brochure.  However, some participants in the control group gained access to the nurse helpline.  It is not clear how this occurred. As such, the control group was split into 2 arms, one received only the brochure, the other also had access to the telephone helpline. The primary outcome was the number of cancelled procedures, which was significantly lower for all types of endoscopy in the intervention group.  Poor preparation was indicated as the reason for the cancellation in 4% of the intervention group, compared with 26% in the brochure group and 16% in the telephone group(125).  This study indicates a signal of the benefit of direct patient education, however, there are several caveats.  How the sample size was calculated is not documented, and the groups are uneven in number.  There is a loss of clear delineation between the groups as the control group received part of the intervention, without any randomisation.  This introduces a significant bias to the study. The proportion of cancelled procedures appears very high, with 50% of colonoscopies cancelled in the control arm. How bowel preparation was graded is also not discussed.  Risk factors for poor bowel preparation between the groups were not presented.  The studies primary assessment, however, was not the quality of preparation but more the potential for overall improvement in endoscopic service delivery. This study also indicates the potential cost saving that could be achieved with this intervention.  However, due to the above limitations, the extrapolations that can be made are unclear(125).
A further study investigating the potential use of face-to-face instruction was performed by Modi and colleagues. Following an assessment of participant understanding using a protocol questionnaire, the intervention arm received directed education to resolve any misunderstandings by fellows at the study centre. It occurred approximately three weeks before the participants were due to have their colonoscopy. The trial did not demonstrate an improvement in bowel preparation between the two groups indicating a minimal benefit of this educational intervention. However, the study had several limitations. A non-validated grading system was used with an arbitrary cut-off, reducing its reliability.  Also, there was a minimum of three weeks interval from educational intervention to the procedure, potentially limiting the retention of that that was learnt (117). 
Subsequently, assessment of the effectiveness of direct patient education without a delay from intervention to the procedure was undertaken by Liu and colleagues.  It assessed whether telephone advice given the day before the colonoscopy led to an improvement in bowel preparation. The mean time from booking to the appointment was 3.4 +/- 0.8 days in the intervention group and 3.5 +/- 0.9 days in the control group.  The study used both PEG and NaP, but the percentage of each was split evenly between each group. There was a significant difference in adequacy of preparation between the two groups in favour of the intervention group (81.6% vs 70.3% (p < 0001))(118). A significant increase in polyp detection and a reduction in the number of incomplete procedures due to poor bowel preparation was also demonstrated.  In a logistic regression analysis, the time interval from appointment to the procedure was associated with poorer preparation (OR 1.97, p = .036). A delay from education to procedure may attenuate patients’ memory, affecting adherence and resultant quality of preparation. The use of a validated scale in this study improves its reliability relative to that performed by Modi and colleagues. Since the time from the initial referral and baseline patient education to the colonoscopy procedure was equivalent between the groups, and was relatively short, the improved outcomes in the intervention group demonstrate that additional telephone advice leads to better preparation(118). 
Elvas and colleagues conducted a study assessing whether personalised instructions lead to improved bowel preparation.  Appointments were made within 2-4 weeks of the bowel preparation education. The overall adequacy rates were 62% in the intervention group and 35% in the control group (p < 0.001).  With fair included in the adequate group, the rate was 85% vs 69%.  Younger patients and those with education past primary school had significantly improved adequacy rates (121).  
The groups in this study are different.  A higher proportion of participants in the control group had previously had a colonoscopy and were from a rural background.  Fewer participants in the intervention group, however, had a history of abdominal surgery.  On regression analysis, these factors were associated with the quality of bowel preparation.  These confounders could affect the bowel preparation quality and therefore introduce uncertainty of the intervention effect. 
It is not clear what the specific differences between the personalised instructions in the intervention group and the verbal instructions in the control group were.  The manuscript describes that patients with constipation were given a more prolonged LRD, as well as clarification of misunderstandings.  However, it also states that the diet was not different between the groups.  As such, it is hard to conclude the benefit of the intervention, when the actual intervention is not clear.  Diet affects bowel preparation quality, and if there is a systematic difference between the groups in diet advised, then multiple interventions have been undertaken with no clarity as to which was most important (127-129). The Aronchick scale was used, which is not as well validated as other scales.  As well as this, within the control group, those that could not complete the 4L were defined as inadequate preparation, without considering the actual endoscopic appearance of the preparation quality, which adds a considerable skewing of the results(121).
Several observational studies also assessed the utility of direct patient education.  Two observational studies assessed the effect on colonoscopy quality of a Plan Do Study Act (PDSA) approach.  PDSA is a pragmatic approach to quality improvement (130). Kalayjian targeted patients naïve to colonoscopy.  Multiple interventions were introduced including patient enhanced instructions and telephone reminders.  Before the introduction of these interventions, the “successful attendance” was at 62%, but with these measures, this improved to 77%(123).  Calderwood and colleagues introduced multiple changes to their service with new preparation regimes, negotiated appointment times and telephone reminders. They initially observed a drop of inadequate preparation from 9% to 4% with these interventions(122). Although not randomised, and without clear endpoints or precise interventions, both studies indicate the application of the interventions investigated by randomised controlled trial (RCT) in the “real world”.  The design of these PDSA based studies introduces the potential for considerable bias, but the studies also indicate the generalisability of these interventions.
Shieh and colleagues measured the effect of physician centred education for patients on the adequacy of bowel preparation. The intervention group received a ten-minute discussion with the referring physician.  This comprised of an explanation of the importance of bowel preparation including; the appropriate diet, appropriate fluid intake, and the correct times to take the preparation. Allocation was 2:1 in favour of the control arm.  All patients in the study saw one of three consultants.  Consultants A and B only gave patients written instructions.  Whereas, patients attending consultant C also received intensive physician education. The proportion of patients who had adequate bowel preparation in the intervention group was 97.4% compared to 80% in the control group (p < .01)(119).  A significantly larger number of polyps were detected in the education arm of the study. This trial was more pragmatically designed than strictly randomised, as all patients attending consultant C were in the intervention group.  As such, this introduced potential bias, as consultants A and B both were aware they were in the control arm when recruiting patients to the study(119). This study has a similar intervention as Modi and colleagues, but with a different outcome. Similar to the Liu group, a validated bowel preparation scale was utilised (118). 
Rosenfeld and colleagues conducted a study specifically looking at whether direct patient education would improve bowel preparation in a cohort of inpatients who required a colonoscopy. The intervention group received counselling from a gastroenterology resident regarding how to take bowel preparation and its importance, as well as the standard written instructions.  The primary outcome was defined in the methods as the mean bowel preparation score (using a categorical scale similar to the Aronchick scale) of the two groups. However, in the results, the median was presented, with a significant difference seen between the two groups in favour of the intervention arm (2.0 vs 3.0, p = 0.001)(120).  There are weaknesses in the study design. The inconsistency of the primary outcome measure between the method and the results is concerning. The small sample size and use of a categorical bowel preparation scale, also reduce the study’s reliability.  The study population was conducted in inpatients which may explain the smaller sample size, as generally there are far fewer inpatient colonoscopies than outpatient procedures, and it would therefore be more challenging to recruit.  Also, bowel preparation is often poorer in inpatients leading to a smaller study population requirement for a similar powering (131).  The use of an average score is less relevant to the individual patient than the rates of adequate vs inadequate preparation.  However, this study does give a signal that direct patient education can be beneficial in this difficult to prepare group(120).  
Lee and colleagues also investigated bowel preparation for inpatient colonoscopy.  In their study, they assessed the benefit of an educational programme for the nursing team caring for the patient, instead of the patients themselves.  All nurses from the intervention ward received an initial lecture, with subsequent weekly updates and an aide-memoire poster placed on the ward that they worked. The study was quasi-randomised, with one ward receiving training, and the other not.  Participants were excluded if they had severe comorbidities.  The OBPS score was used, and all observers received training in the score, with a good (k = 0.87) pre-study interobserver reliability demonstrated.  The mean OBPS was significantly lower within the intervention group (4.42 +/- 2.23 vs 6.15 +/- 2.38), with a lower rate of inadequate preparation as defined by the OBPS >5 (31.1% vs 58.8%)(124).  Adherence was found to be higher in the intervention group, as was the adenoma detection. The mean time to intubate the caecum was also lower in the intervention group(124).  Although not strictly randomised, the groups were well matched, with a thorough comparison of risk factors between the groups. This demonstrates further evidence of the usefulness of this form of education for staff as well as patients in this difficult to prepare group(126) (124).
These studies demonstrate the effect of direct patient education on bowel preparation for colonoscopy.  There is a variation in outcome with Modi and colleagues demonstrating no significant difference(117).  The design of this study somewhat limits its reliability, and the subsequent studies demonstrate that telephone and face-to-face education, as well as education of staff caring for inpatients undergoing bowel preparation, consistently demonstrated a benefit.  On balance, the evidence indicates that dedicated direct patient education is beneficial with regards to quality of bowel preparation for colonoscopy.
[bookmark: _Ref80882746][bookmark: _Ref85694058][bookmark: _Toc167893050]Visual aids
Direct patient education as discussed above, can lead to improved bowel preparation.  This intervention is, however, labour intensive since a doctor or nurse is required to provide the education.  Increased costs are therefore associated with its use.  It could be argued that improving the bowel preparation warrants the cost that this incurs, however, if a less labour intensive, yet equally effective intervention could be found, significant cost savings could be made. The following studies investigated the use of visual aids for patients requiring bowel preparation for colonoscopy.



	Study first author
	Year published
	Population
	Design
	Number of participants

	Andrealli(132)
	2017
	Italy
	Endoscopist blinded single centre RCT
	286

	Maxwell(133)
	2014
	USA paediatric 7-14 years
	Endoscopist blinded single centre RCT
	23

	Tae (134)
	2012
	South Korea
	Endoscopist blinded single centre RCT
	205

	Spiegel(135)
	2011
	USA
	Endoscopist blinded single centre RCT
	436

	Calderwood (136)
	2011
	USA
	Endoscopist blinded single centre RCT
	969

	Davis (137)
	2017
	USA
	Retrospective
	543

	Ergen (138)
	2015
	USA
	Double blind RCT
	85


[bookmark: _Toc167893199]Table 14 - Methodology used in studies investigating the effect of visual aid educational tools on bowel preparation quality. USA, United States of America; RCT, randomised controlled trial


	Study first author
	Purgative, dosing, timing
	Intervention
	Placebo

	Andrealli (132)
	PEG, 2L, Split or day before dosing
	Enhanced written instructions and direct counselling
	Enhanced written instructions

	Maxwell (133)
	PEG, 1.5L, day before (with bisacodyl)
	Informative cartoon
	Verbal and written instructions

	Tae (134)
	PEG, no documented, split dose
	Illustrative pictures
	Verbal and written instructions

	Spiegel (135)
	NaP/magnesium citrate/PEG, 1.5L/3.45L/2L, Day before
	Enhanced written instructions
	Written instructions

	Calderwood (136)
	PEG, 4L,
	Illustrative pictures
	Written instructions

	Davis (137)
	PEG, 4L, split dosing
	Simplified written instructions (Fleish Kincaid level of 5.9)
	Standard written instructions (Fleish Kincaid level of 9.6)

	Ergen (138)
	PEG, 4L, split dosing
	Utilised instructions devised by Spiegel et al, modified for inpatients
	No booklet


[bookmark: _Toc167893200]Table 15 - Interventions used in studies investigating the effect of visual aid educational tools on bowel preparation quality. PEG, polyethylene glycol; NaP, sodium phosphate



	Study first author
	Measure of adequacy
	Outcome
	p value

	
	
	Intervention group
	Control group
	

	Andrealli (132)
	BBPS (≥2, in each segment)
	95.6% 
	95.1%
	p = .77 (NS)

	Maxwell (133)
	Mean OBPS
	3.33 
	3.73
	p = .384 (NS)

	Tae (134)
	Mean BBPS 
	7.44 
	6.12
	p < .01*

	Spiegel (135)
	Mean OBPS
	4.4 
	5.1
	p = .03*

	Calderwood (136)
	BBPS (≥ 5)
	91% 
	89%
	p = .43 (NS)

	Davis (137)
	Cancellation rate/sub optimal preparation
	65.5%
	69.1%
	p = .042*

	Ergen (138)
	BBPS (≥ 6 with ≥ 2 in each segment)
	62% 
	35%
	p = .012*


[bookmark: _Toc167893201]Table 16 - Outcomes from studies investigating the effect of visual aid educational tools on bowel preparation quality. BBPS, Boston bowel preparation scale; OBPS, Ottawa bowel preparation scale
A pilot feasibility study was conducted by Maxwell and colleagues in a paediatric population aged between 7 and 14 in the USA.  The intervention group received a one-page visual aid, in the form of a comic cartoon strip.  The study did not demonstrate a significant difference (3.73 vs 3.33, p =.384), however it was underpowered to demonstrate a difference, and the intervention involved was simple and brief (133).
Subsequently, Calderwood and colleagues measured whether a visual aid demonstrating the difference between a well-prepared bowel and a poorly prepared bowel would improve the adequacy preparation for colonoscopy in adults.  Participants were not excluded if they spoke a language that was not English.  The basic instructions that all participants received were in multiple languages, but the visual aid was only in English.  Interestingly, only 60% of each arm of the study spoke English, therefore, 40% of the intervention group would not have been able to read the message on the visual aid. All patients received 4L of PEG with 35% of each arm also receiving bisacodyl before the procedure, although it is not clear why these participants were also provided with this additional laxative. The visual aid depicted the difference between an adequately and an inadequately prepared bowel, with a message encouraging participants to complete the purgative solution to improve the cleansing. There was no statistically significant difference in the adequacy of bowel preparation between the groups (91% vs 89%, p = .77)(136). The study was well powered and used a reliable grading system.  However, the fact that 40% of the study population did not speak English, with the visual aid being in English language, may have diminished its effect, and is a weakness in the study design. Taking bowel preparation involves a complex series of instructions, and many variables that affect its adequacy. Similarly to Maxwell’s study, this visual aid was relatively simple and had a low impact, which could indicate that more intensive educational interventions are required to make a measurable difference(133) (136). 
Davis and colleagues investigated whether simplification of bowel preparation instructions affected the quality of cleansing for patients attending colonoscopy for CRC screening, within a lower socioeconomic setting.  The study was conducted at a safety net hospital in which approximately three-quarters of patients received assistance with medical costs.  The simplified instructions followed a one A4 page of tick boxes to assist adherence(137).  
Almost half approached to take part in the study met the study’s exclusion criteria, however, a summary of the reasons for exclusion did not appear in the manuscript.  This study combined cancelled procedures and inadequately prepared endoscopies as a composite endpoint, in which the intervention group had a combined significantly lower rate. Although some patients would have had their procedure cancelled due to inadequate preparation on the day, the actual quality of preparation cannot be ascertained and the reason for cancellation may have been unrelated to bowel preparation. It is not clear whether both groups received the same instructions.  The inclusion of one intervention in an RCT allows a clearer assessment of its effect. This study aimed to assess the effect of different media forms, which is more valid if the instructional content is equivalent between the groups. The study is also retrospective, further increasing the likelihood of bias. The number of excluded patients is also relatively high.  The exclusion criteria are documented in the methods, however, a table of the justification for each patient to be excluded was not provided. In summary, this study does indicate that simplified clear instructions may improve adherence, within a low-income setting, and improve outcomes.  However, the limitations of the study design, reduce the reliability of this observation (137).
Spiegel and colleagues devised a patient-focused booklet. This was developed through patient interviews, which highlighted the key areas of the bowel preparation educational process which could be improved upon. Taking these into account, an optimised patient information leaflet was then designed and trialled against standard information.  All participants watched an educational video and had the opportunity to ask questions to a clinician to clarify elements of education.  The primary outcome was the mean OBPS score.  Photos of colonic segments were taken during endoscopies, which were then reviewed by blinded observers. This approach has both positive and negative effects. The blinded nature reduces bias. Conversely, the OBPS scale was designed as a dynamic assessment, and is not fully validated to be utilised using still images.  However, Massinha did demonstrate reasonable correlation of still images and segmental grading scores (64). Nevertheless, the primary outcome in this study was met with the mean OBPS score being significantly lower in the intervention arm compared to placebo (4.4 +/- 2.3 vs 5.1+/- 2.9, p = .03)(135).  Comparing a mean score of bowel preparation is less relevant to the individual participant than a comparison of the actual rates of adequate vs inadequate preparation. Whether a bowel segment has excellent vs good prep has a less pertinent effect on other indicators of quality of colonoscopy, compared with poor preparation, leading to missed polyps, reduced completion, and longer procedures (75) (73, 74, 139). The secondary outcome, the Likert bowel preparation score, graded by the endoscopist performing the procedure, was also significantly higher in the intervention arm (4+/-1 vs 3.8 +/-1.3, p = 0.04).   This intervention was more intensive than the visual aid trialled by either Calderwood or Maxwell(133, 136).  All participants in Spiegel’s study received intensive education. Since other units may not provide such rigorous education, a visual aid may not necessarily offer the same added benefit as demonstrated in this study (135).
The instructions devised for the use in the above study by Spiegel and colleagues were applied to an inpatient population by Ergen and colleagues.  Modifications were made making them applicable to inpatients receiving split bowel preparation. Participants were not informed of the study and the bowel preparation was graded by an independent observer, preserving the blinding.  Patients with dementia, enterally fed, too unwell to participate, sedated, intubated or those with inflammatory bowel disease were excluded.  A ward nurse provided the preparation and booklet to the participant.  Adequate bowel preparation was seen in 62% of the intervention group compared to 35% in the control arm (p = 0.012), with a number needed to treat (NNT) of 4 (138).  
A comparison between the two groups was incomplete, with little information regarding risk factors for poor bowel preparation. Although the nurses were somewhat blinded to the intentions of the study (hypothesis and aims), it is not clear how it was ensured that the instruction booklet was not also shared with the control group.  There is not a clear description of the placebo that was used in this study, as such, it is not known if any instructions were provided to the control group, and what the adherence was between the two groups(138).  
The inpatient cohort, although a small percentage of the overall population of patients receiving a colonoscopy, is a difficult group to prepare (98, 108). The reassessment of this dedicated instructional booklet and use in an alternative population further indicates its utility, and more widespread applicability, in improving preparation(138).
Andrealli conducted a comparison between enhanced written instructions and verbal advice in a screening cohort of patients. In this study, participants could choose to take preparation using a “day before” or “split dosing” regime. The primary outcome was the proportion of participants that chose the split bowel preparation regime. Split dosing of bowel preparation is known to be superior to day before preparation(87, 88).  Each group had the choice of timings, but split preparation was strongly advised.  The written instructions were specifically designed to encourage the use of split preparation and utilised simple language with the addition of pictures to inform and motivate participants(132). 
Although numerically a higher proportion of participants in the verbal group chose split preparation (87.4% vs 79.7%, p = 0.079) it did not reach statistical significance.  Compliance to the regime (self-reported by participants) was equivalent between the groups, as was the quality of bowel preparation using the BBPS grade.  Demographic data did not include risk factors for poor preparation. Also, the information imparted during the verbal consultation was not clear.  A set script or “question and answer”, was not described.  This study argued that simple written instructions could be used to advise regarding split bowel preparation as effectively as verbal advice.  As such, the investigators may have been biased against verbal instructions, thus reducing their quality. Direct comparison of different educational techniques is warranted. Although this study did not set out to primarily assess this, no difference in adequacy was seen between those that received written instructions along with verbal instructions, or enhanced written instructions alone (95.6% vs 95.1%)(132). 
Finally, Tae and colleagues studied whether visual aids would improve bowel preparation for colonoscopy. The intervention group received 16 illustrations explaining how to take the bowel preparation and why it was important(134). The intervention group had significantly more patients with adequate preparation compared to the control group (95% vs 80% p = .02).  This study further illustrates that detailed visual aids do lead to improved bowel preparation, in the setting of prior direct education(134).
The evidence from these studies indicates that visuals and enhanced written instructions can lead to improvement in the quality of bowel preparation. The studies that did not demonstrate an improvement used simpler visual aids.  Whereas, when more complex interventions, including specific development of enhanced instructional booklets that drew on the views of patient involvement, better quality bowel preparation was seen.  Although a secondary outcome, Andrealli demonstrated that an enhanced booklet was as effective as verbal instructions (132). With regards to intervention cost, this is pertinent, as visual aids are likely to be significantly cheaper to deploy than dedicated direct face to face education.
[bookmark: _Toc167893051]Mobile phone prompts
Mobile phones are now ubiquitous.  They allow owners to access a wealth of information that is available via the internet.  They also allow an increased degree of connectivity, with direct communication possible.  This opens an opportunity for patient education and interaction, which could be utilised to improve knowledge and understanding of colonoscopy and the preparation required.  Several studies have assessed the effectiveness of the different uses of mobile phones to improve patient education and adherence to bowel preparation.

	Study first author
	Year published
	Population
	Design
	Number of participants

	Lee (126)
	2014
	China
	3 armed endoscopist blinded single centre RCT
	421

	Back (140)
	2017
	South Korea
	Endoscopist blinded single centre RCT
	283

	Lorenzo-Zúñiga
(141)
	2015
	Spain
	Endoscopist blinded single centre pseudo randomised trial
	260

	Walter (142)
	2018
	Germany
	Endoscopist blinded multi centre RCT
	497

	Kang   (143)
	2015
	China
	Endoscopist blinded multi centre RCT
	770

	Zhang (144)
	2018
	China
	Endoscopist blinded single centre RCT
	1018

	Walter (145)
	2017
	Germany
	Case-control study 
	50

	Jung (129)
	2017
	South Korea
	Endoscopist blinded pilot non inferiority single centre RCT
	43

	Sharara (146)
	2017
	Lebanon
	Endoscopist blinded single centre RCT
	160

	Walter (147)
	2016
	Germany
	Case control study
	40


[bookmark: _Toc167893202]Table 17 - Methodology used in studies investigating the effect of mobile phone educational tools on bowel preparation quality. RCT, randomised controlled trial

	Study first author
	Purgative, dosing, timing
	Intervention
	Placebo

	Lee (126)
	PEG, 2L, split dosing
	2 arms; group 1 - SMS reminder, group 2 - telephone reminder
	Standard verbal instructions at referral and written instructions

	Back (140)
	PEG/NaP, 4L or 2L/ 1.5L, split dosing
	Mobile messaging with hyperlinks to 3 educational videos explaining bowel preparation sent 3 days before colonoscopy
	Standard verbal instructions by nurse at referral and written instructions

	Lorenzo-Zúñiga (141)
	PEG, 2L, split dosing
	Mobile application with alerts and explanations of the bowel preparation procedure
	Written instructions with visual aids

	Walter (142)
	PEG, 2L, split dosing
	Mobile messaging reminders in the lead up to colonoscopy
	Verbal and written instructions

	Kang(143)
	PEG, 4L, split dosing
	Provision of bowel preparation information via “WeChat” mobile phone application
	Verbal and written instructions

	Zhang (144)
	PEG, 3L, not provided
	Provided with direct access to medical advice via “WeChat” and provided with reminders and bowel preparation information via mobile phone platform
	Verbal and written instructions

	Walter (145)
	PEG, 2L, split dosing
	Mobile application
	Verbal and written instructions

	Jung (129)
	PEG, 4L, split dosing
	Mobile application measuring hue of stool with advice when to start consuming bowel preparation
	Verbal and written instructions

	Sharara  (146)
	Picoprep (NaP + magnesium citrate), 750ml, split dosing
	Mobile application with push notifications, reminders, dietary advice, and bowel preparation instructions.  The intervention group was advised to use the application alone and not use the written instructions except in cases of mobile phone failure
	Written instructions

	Walter (147)
	PEG, 2L, split dosing
	Mobile messaging reminders in the lead up to colonoscopy
	Written instructions


[bookmark: _Toc167893203]Table 18 -  Interventions used in studies investigating the effect of mobile phone educational tools on bowel preparation quality. PEG, polyethylene glycol; NaP, sodium phosphate
	Study first author
	Measure of adequacy
	Outcome
	p value

	
	
	Intervention group
	Control group
	

	Lee (126)
	mean BBPS
	Group 1 (gp1)  = 7.1 
Group 2 (gp2)  = 6.8

	Control = 6.3
	gp 1 vs gp 2 p = .14 (NS)
gp1 vs control p < .001 *
gp 2 vs control p = .027*

	Back (140)
	Mean BBPS
	7.53 
	6.29
	p < .001*

	Lorenzo-Zúñiga (141)
	HCS A or B
	100%
	96.1%
	p = .037*

	Walter (142)
	BBPS ≥ 6
	91%
	81%
	p = .0013*

	Kang (143)
	OBPS <6
	82.2%
	69.5%
	p < .001*

	Zhang (144)
	BBPS (minimum adequate rate not defined)
	90%
	88%
	p = .209 (NS)

	Walter (145)
	Mean BBPS
	8.1 
	7.1
	p = .02*

	Jung (129)
	mean OBPS
	2.53
	2.79
	p = .95 (NS)

	Sharara (146)
	Percentage adherence
	82.4%
	73.4%
	p = .4 (NS)

	Walter  (147)
	BBPS ≥ 5
	100%
	95%
	p = .99 (NS)


[bookmark: _Toc167893204]Table 19 -  Outcomes from studies investigating the effect of mobile phone educational tools on bowel preparation quality. BBPS, Boston bowel preparation scale; HCS, Harefield cleansing scale; OBPS, Ottawa bowel preparation scale
	
An initial feasibility pilot study, PERICLES-I, of telephone messaging was conducted by Walter and colleagues in a German population.  Cases received short messaging service (SMS) messages in the four days leading up to their examination.  The instructions mirrored those in the leaflet used as standard practice. Three days of LRD and a CLD the day before the test was advised.  The mean BBPS was 7.3 in the intervention group, compared with 6.4 in the matched control group.  Risk factors for poor preparation and adherence were not documented, but 19/20 would have recommended the SMS service to a friend or relative with a usefulness rating of 7.8/10 (standard deviation (SD) +/- 2.2) (147).  
Subsequently, a full RCT was performed, the PERICLES-II study. Risk factors for poor bowel preparation and demographics between the groups were equivalent. Adequate bowel preparation was seen in 91% of the intervention group, compared with 81% in the control group (p = .0013).  The mean total and by-segment BBPS scores were greater in the intervention group. Adherence to preparation was not documented, but the burden of consuming the bowel preparation regime was felt to be significantly lower in the intervention group when compared on a visual analogue scale (VAS) (142).  
Another study was conducted by Lee and colleagues and compared two intervention arms, who received either reinforced education in the form of SMS messages or a telephone consultation, with a control group. This telephone consultation arm had a similar intervention than that used in the study described above by Liu and colleagues (118). This study compared an intensive education arm, a relatively simpler educational intervention arm, with a control arm. This reinforced education was provided 2 days before the endoscopy by a nurse.  The SMS and telephone consultations contained similar information as the initial education, but in a more concise manner. The intervention group that received telephone reminders had a significantly improved BBPS compared to the control group in all segments, as well as a greater total BBPS.  The SMS intervention group had a significantly higher total and transverse colon segment BBPS score compared with the control arm.  However, the other two segments were not significantly different to the control group.  Although SMS group’s mean total BBPS was lower than the telephone intervention, this did not reach statistical significance. (126)  Although this study did not specifically assess the number of adequate procedures between the two groups, instead using the mean BBPS scores, it does demonstrate that mobile phone reminders improve bowel preparation for colonoscopy and appear as effective as a telephone reminder.  A telephone conversation requires staff time, and, therefore, money to undertake; compared with an SMS reminder that can be automated, and could therefore be provided more cost effectively. 
Further developing on the idea of SMS reminders, Back and colleagues undertook a study assessing whether messaging reminders, also containing links to educational videos could improve preparation for colonoscopy. The intervention group received messaging reminders three days prior, and the day before their procedure.  The messages contained links to videos that explained the importance of bowel preparation and how it should be undertaken.  The information was mirrored between the instructional leaflet and the video.  The intervention group had a greater number with adequate preparation, as compared to the control group (96.5% vs 73.6%, p < 0.001)(140). Adherence was also assessed using a set of dichotomous questions with significantly higher scores in the intervention group.  Of interest, participants consuming 4L of PEG were more likely to have a poor preparation, than those consuming the smaller volume. This appeared to correlate with adherence, as participants consuming 2L of PEG were more likely to be able to complete the volume.  There was a significantly larger group of patients in the control group who received PEG 4L than in the intervention group (29.9% vs 21.6%). Whether the poor adherence in this group may have been improved with access to the videos is not clear.  However, this may lead to a potential skewing of the data. Bowel preparation quality is dependent on a multitude of factors. Systematic differences between the groups may affect the interpretation of the intervention’s effect(140).
The utility of a mobile phone application (or app) that could assist patients in preparation for colonoscopy, has also been investigated.  An initial pilot study was undertaken by Walter and colleagues.  The app was designed bespoke for the study.  They reported that it functioned effectively for all cases, although there was no metric to gauge this.  However, all cases stated that they would recommend the app to a friend or family member undertaking colonoscopy and scored a mean usefulness score of 8.2/10 on a VAS. The mean BBPS was significantly lower in the case group, that were provided with the app, and no cases had a BBPS of less than 6 (145).
Subsequently, an RCT in Spain was conducted by Lorenzo-Zúñiga and colleagues further assessing another bespoke mobile phone application.  The intervention cohort received access to an app which gave reminders to patients regarding the bowel preparation as well as providing instructions and pictures on how to take the preparation, what diet to consume, a video on how to make up the bowel preparation solution, and a checklist to ensure all steps in the process were completed.  It was not specified whether the two groups received the same information in different formats, or whether additional information was shared with the intervention group. The rate of adequate bowel preparation was significantly higher in the intervention group compared to the control group (100% vs 96.1%, p = 0.037)(141).  Patient-derived outcomes were also measured using a VAS to describe “how easy was the preparation for colonoscopy” and “what is your level of satisfaction with the bowel preparation”, both of which were significantly higher in the intervention group.  This study does not clearly state how patients were randomised, only stating that this was carried out by a nurse assistant.  In their discussion, it is stated that the “method of randomisation may be a potential source of bias”, however, further clarification on the randomisation process is not provided. This coupled with the fact that it is not clear whether both groups received equivalent instructions, decreases the validity of the findings (141).  
A multi-centre study was conducted by Kang and colleagues investigating whether delivering information via social media would improve bowel preparation. The intervention group received social media messages via a smartphone.  These messages also provided access to information on how to prepare for the test.   Participants in the intervention group could also interact with the service to access more detailed information or send messages that were answered daily by one of the investigators.  Adequate preparation was seen in 82.2% of participants of the intervention group compared with 69.5% in the control group (p < 0.001)(143).  CIR, mean OBPS score, and insertion times were all significantly improved in the intervention group.  Unlike other educational interventions, the ADR detection rate was also significantly higher in the intervention group compared to the control group (18.6% vs 12.0%, p = 0.012), although both groups have lower than expected ADRs, with >20% usually expected in quality colonoscopy (49).  This study demonstrated both improved bowel preparation quality and, an improvement in an independent marker of quality of colonoscopy, ADR (72) (143).
The effectiveness of both mobile phone prompts and apps has been demonstrated.  Direct education is effective but requires time and organisation to provide.  Zhang and colleagues conducted a study assessing whether direct education facilitated using mobile phone chatrooms, affected bowel preparation quality.   No significant difference was noted between the two groups in terms of proportion of adequate preparation, however, the mean BBPS (7.1 +/- 1.2 vs 6.3 +/- 1.4) and incomplete colonoscopies (4.3% vs 7.5%) were significantly different in favour of the intervention group(144).  Self-reported adherence, as well as sleep quality, was also significantly greater in the intervention group.  The utilisation of the direct messaging of the medical teams by the intervention group was not reported.  The risk factors between the groups were equivalent, however, the medications used in each group were not documented.  This study describes how a mobile phone can be utilised to both provide multimedia information, as well as enabling direct contact to allow troubleshooting and further education.  This could theoretically reduce the burden on the clinical team, by improving the efficiency of the service. The quantity and frequency of interaction between the clinician and participant, however, is not fully documented within the study, limiting what can be inferred regarding how the service was utilised.  Omission of the pre-endoscopy diet and timing of preparation in the two groups, factors that have a significant impact on preparation quality, also reduce the validity. Furthermore, the primary endpoint was not met, indicating that this intervention does not significantly reduce the proportion of adequately prepared bowels over and above standard written instructions (144).
The effectiveness of educational interventions is hypothesised to be related to increased understanding and motivation, which leads to increased adherence (108, 109, 112).  This was assessed by Sharara and colleagues.  The intervention group received access to a bespoke app that described dietary modifications within the bowel preparation regime, whereas the control group received standard written instructions.  Participants were advised to follow a 3-day LRD and 1-day CLD and then consume a split dosing of sodium picosulphate/magnesium citrate.  The groups were equivalent, but limited data were available on demographics and risk factors for poor preparation.  Adherence was self-reported by participants, and no significant difference was seen, although numerically the app group were more adherent (82.4% vs 73.4%, p = .4)(146).  The quality of bowel preparation was also equivalent between the groups.  The effect of an educational intervention is not only dependent on the modality, but also the actual educational content. Therefore, the lack of improvement in adherence may be related to the quality of the educational intervention.  Studies have demonstrated adherence correlates with preparation quality.  However, adherence is difficult to reliably measure(109, 112). In this study, self-reported adherence at the time of the procedure was recorded.  This is liable to bias. Also, a more thorough profile of demographics, comorbidities and medications would add greater depth to the participant information, ensuring there is no systematic difference between the groups (146).
Jung and colleagues used the adaptability afforded by mobile phone app’s, for a novel utility.  They assessed whether limiting the quantity of the bowel preparation consumed based on the hue of the faeces passed, reduced the quantity consumed, whilst still maintaining quality. The intervention group were advised to monitor the colour of their stool between aliquots of purgative, using a mobile app.  This app measured the hue of the stool and advised on whether further bowel purgative was required.  The mean OBPS and quantity of bowel preparation were measured between the groups.  The mean OBPS was equivalent, however, the app group consumed 200ml less of the purgative (129).  Fatima and colleagues, however, demonstrated that even when clear stool is passed prior to endoscopy, there is a 7% risk of inadequate bowel preparation, and insufficient purgative completion in this setting may further increase this risk (92). 
The studies detailed demonstrate a variety of ways that mobile phones can be used as a vehicle to educate patients regarding the bowel preparation regimes.  Several novel methods are used, indicating the versatility of this platform.  An improvement in bowel preparation quality is demonstrated by most of these studies indicating the potential benefit.
[bookmark: _Ref82451376][bookmark: _Toc167893052]Educational videos
With the improvement seen with other patient educational interventions using simple pictures, increased explanation, and reminders before beginning preparation, educational videos could, by combining several of the above elements, also improve the adequacy of bowel preparation. The manner that people learn varies, with differing strengths in four domains; visual, auditory, reading, kinaesthetic (VARK)(148). Videos have the benefit of overlapping several of these domains, and therefore potentially being accessible to a greater proportion of people.  Eight RCTs, two retrospective reviews and a quasi-experimental study have assessed the efficacy of educational videos. 


	Study first author
	Year published
	Population
	Design
	Number of participants

	Prakash (149)
	2013
	USA
	Endoscopist blinded multi centre RCT
	147

	Hsueh (150)
	2014
	Taiwan
	Quasi-experimental design
	218

	Park (151)
	2016
	South Korea
	Endoscopist blinded single centre RCT
	502

	Pillai (152)
	2017
	USA
	Endoscopist blinded single centre RCT
	152

	Liu (153)
	2018
	China
	Endoscopist blinded single centre RCT
	476

	Hayat (154)
	2016
	USA
	Retrospective case-control review
	2530

	Fatima (155)
	2018
	USA
	Retrospective case-control review
	338

	Jeon (156)
	2018
	South Korea
	Endoscopist blinded single centre RCT
	281

	Rice (157)
	2016
	USA
	Double blinded single centre RCT
	92

	Garg (158)
	2015
	USA
	Endoscopist blinded single centre RCT
	94

	Kakkar (159)
	2013
	USA
	Single centre RCT
	737


[bookmark: _Toc167893205]Table 20 - Methodology used in studies investigating the effect of educational videos on bowel preparation quality. USA, United States of America; RCT, randomised controlled trial






	Study first author
	Purgative, dosing, timing
	Intervention
	Placebo

	Prakash (149)
	SUPREP ©, 1300ml, split dosing
	Access to educational video provided to patient
	Written instructions

	Hsueh (150)
	NaP, quantity not documented, timing not documented
	Educational video watched at referral with clarification of queries and provision of visual aids 
	Written instructions

	Park (151)
	PEG, 2L, split dosing
	Access to educational video provided to patient
	Verbal and written instructions

	Pillai (152)
	PEG, 4L/2L, split and day before dosing
	Access to educational video provided to patient
	Video on GORD, verbal and written instructions

	Liu (153)
	PEG, 4L, split dosing
	Educational video watched at referral with retelling
	Verbal and written instructions

	Hayat (154)
	Multiple preparations used (educational video group more likely to use 2L PEG)
	Educational video on colonoscopy accessible over the internet. Patients designated as cases if at least one section of the video viewed
	Preprocedural telephone call and written instructions

	Fatima (155)
	Not documented
	Educational video on colonoscopy accessible over the internet. Patients designated as cases if at least one section of the video viewed. Cases divided into 3 arms on percentage of video viewed
	Not documented

	Jeon (156)
	PEG, 1L, split dosing
	Educational videos sent to smart phone
	Verbal and written instructions

	Rice (157)
	PEG, 4L, split dosing
	Educational video on low residue diet
	Written instructions and telephone review

	Garg (158)
	PEG, 4L, day before dosing
	Multimedia intervention composite of: visual aid, educational video, enhanced written instructions, Q&A with research assistant 
	Verbal instructions

	Kakkar (159)
	Not documented
	Access to educational video provided to patient
	Written instructions


[bookmark: _Toc167893206]Table 21 - Interventions used in studies investigating the effect of educational videos on bowel preparation quality. PEG, polyethylene glycol; NaP, sodium phosphate
	Study first author
	Measure of adequacy
	Outcome
	P value

	
	
	Intervention group
	Control group
	

	Prakash (149)
	Median OBPS
	Median OBPS = 4
	Median OBPS = 5 (unusual end point, although all values were significantly lower)
	p = .0002*

	Hsueh (150)
	Aronchick grading (cut off for inadequate not clear)
	80.8% 
	48.2%
	p < .001*

	Park (151)
	Mean OBPS
	3.03
	4.21
	p < .001*

	Pillai (152)
	Mean OBPS
	4.77 
	 6.85
	p = .01*

	Liu (153)
	OBPS adequacy (<6)
	90.0%
	75.1%
	p < .001*

	Hayat (154)
	Aronchick
	91.1%
	84.1%
	p < .001*

	Fatima (155)
	Dichotomous scale (not defined which grading scale used)
	Arm 1 (<50% of video watched) adequacy = 90.9%
Arm 2 (50-75% of video watched) adequacy = 100%, Arm 3 (>75 of video watched) adequacy = 91.7% 
	94.3%
	p < .827 (NS)

	Jeon (156)
	Mean OBPS
	5.47
	5.97
	p = .018*

	Rice (157)
	BBPS ≥ 6 and segments ≥2
	74%
	68%
	p = .54 (NS)

	Garg (158)
	Modified Aronchick with right and left grading (<90% bowel cleared = inadequate)
	71%
	48%
	p = .02*

	Kakkar (159)
	Not documented
	Figures not displayed
	Figures not displayed
	NS


[bookmark: _Toc167893207]Table 22 - Outcomes from studies investigating the effect of educational videos on bowel preparation quality. BBPS, Boston bowel preparation scale; OBPS, Ottawa bowel preparation scale; NS, not significant

Prakash and colleagues published the first study on the effect of an educational video on bowel preparation in 2013. SUPREP, an osmotic laxative (constituent of magnesium sulfate, sodium sulfate, potassium sulfate) was used in this study.   The primary end point was met, with a significantly lower median OBPS score in the intervention group (4 vs 5 p = 0.0002)(149). Also, all segments of the bowel were significantly better prepared in the intervention group with only 2 (1%) segments rated as poor or inadequate, compared with 28(14%) in the control group.  A confounding factor in this study was that there was a significantly higher number of well-educated participants in the intervention group (65% vs 39% with college or higher education).   Education predisposes to better adherence to instructions regardless of how they are provided, and could have skewed the outcomes (160, 161).  
Hsueh conducted a quasi-randomised study of an educational video, with the week in which patients were booked for procedure determining which group they were allocated. The intervention group had a significantly greater adequate rate of bowel preparation (80% vs 48.2%)(150).  This study used multiple interventions.  As discussed above, direct patient interventions lead to improved bowel preparation, so it is not clear which aspect in the intervention group was responsible for the improved bowel preparation (150) (162).  The inadequate rate of bowel preparation is surprisingly high in this study. Normal inadequate rates are expected to be between 20-30%.    This is even more surprising since the Aronchick grading is used. Although subjective, it has a fairly strict definition of poor preparation. The grade of Aronchick utilised to denote inadequate preparation in this study, is not documented. The non-randomized nature of this study also reduces its reliability.  This, coupled with incomplete information on purgatives and unclear grading of bowel preparation, further reduce its applicability (51).
Park and colleagues and Pillai and colleagues also conducted RCTs assessing the effect of an educational video on bowel preparation.  Both used the OBPS and were single-site studies. The populations from which these two were recruited were distinct. Park recruited participants of Korean ethnicity attending for screening with a substantial proportion from a highly educated background, with only 6% having lower than high school education(151).  Whereas Pillai recruited participants from the USA, with 76% African American ethnicity and 90% having less than high school education.  The control group in Pillai’s study received access to a video on gastroesophageal reflux disease (GORD) (152). 
Both studies demonstrated a significant improvement in bowel preparation with lower mean OBPS scores, higher proportions of preparation that were graded as excellent, and lower proportions of inadequate bowel preparation in the intervention groups(151, 152).  Although the addition of the GORD video in the control group was included to aid the blinding of the participant groups, it may have led to a nocebo effect without significant improvements in terms of blinding.  Recall of information is affected by many factors(163).  Patient recall can be improved by the use of visual aids and videos, but the quantity that patients recall can also be affected by the amount of information imparted (161).  As such, watching the video on GORD may have reduced the control group’s recall of the bowel preparation information they had previously received.  Its utility as a blinding aid is also questionable, as participants would have known they were taking part in a bowel preparation study, to which this was unrelated.  Although there was an observed significant difference in terms of bowel preparation adequacy, there was no significant difference in ADR demonstrated in either study(152).  
Although studies have demonstrated the benefit of videos, the way they are provided has also been investigated.  Jeon conducted an RCT assessing the effect of educational videos that are provided via a mobile phone device.  Two videos were provided to the intervention group, each of which was two minutes long.  The first described the diet, and the second the bowel preparation.  The control group had a significantly higher mean age and weight.  Both have been demonstrated to be risk factors for poor preparation and adenoma development (156).  
The primary endpoint was not met, with equivalent rates of adequate preparation between the groups.  The mean OBPS was significantly lower, however, in the intervention group.  The improvement in preparation was specifically noted to be greater in the younger age group (<40)(156). The authors postulate this would be related to the greater familiarity with mobile phone usage. It is not documented who within the intervention group watched the videos.  Provision of videos does not necessarily equate to adherence, and this is a significant limitation of the study, potentially explaining the lack of effect. Compliance with the preparation regime was noted to be equivalent between the groups, although this was self-reported using a non-validated scale. The polyp detection rate was also higher in the control group; however, this may be somewhat skewed by the differences in the two groups(156). 
Unlike other educational studies, the purgative used was a very low volume preparation (1L PEG).  Although demonstrated to be equivalent to 2L PEG, it is still novel and which groups would benefit most by using it, have not been defined (164).  Of note, this study also did not characterise the groups in terms of risk factors for poor preparation and time from educational intervention to procedure, both of which are significant confounders to bowel preparation quality(156).
An attempt to combine the beneficial effects of different educational interventions was conducted by Garg and colleagues.   No significant differences were noted between the groups, however, several risk factors for poor bowel preparation were not included. The author describes the bowel preparation quality was significantly improved in the intervention group compared to the control (p = 0.02)(158). Recalculating their outcomes reveals that this statistical calculation incorporated both <75% and 75-90% mucosal surface seen, compared with >90%.  If the alternative calculation of 75-90% and >90% is compared to the <75%, the statistically significant difference no longer exists.  Similar calculations were undertaken between the segments separated into right and left colon.  The number of polyps detected was greater in the intervention group, which reached statistical significance for advanced polyps.  This study is significantly limited by the grading scale employed, and how the results are presented.  The Aronchick grading scale, although ubiquitous, has not been extensively validated, and the segmental use of Aronchick grading, specifically, has had no validation.  The sample size in this group is relatively small compared to other educational studies, limiting the sufficiency of its power.  It could be expected that such an intensive intervention may require a smaller size to demonstrate a significant difference. However, this would be better assessed using a more reliable scale.  The placebo in this study is also somewhat limited.  It appears that the control group did not receive standard written instructions, something that could be viewed as a potential nocebo.  Comparison of an intensive educational regime would be better compared with a less, albeit, somewhat intensive education, such as an educational video alone, with a similar study design to that used by Andrealli (see Visual aids) (158).
Liu and colleagues conducted a further RCT in a Chinese population using an educational video.  This study demonstrated a significant improvement in bowel preparation (90% in the intervention group compared with 75.1% in the control group)(153).  Although this study demonstrated the superiority of improved education in bowel preparation, the educational intervention was intensive.  Participants who were randomised to the intervention both watched the educational video, then had to “retell” aspects of the video back to the researchers.  This continued until they could retell the whole process, with explanations provided by the researcher to clarify any participant misunderstandings. It is unclear what provided the benefit, the retelling of the instructions, or the video itself.  As, if no video was involved, the researcher would still have provided tuition till full understanding was achieved, which indicates that this study is more an assessment of direct face-to-face education than an assessment of the utility of an educational video itself(153).
Bowel preparation for colonoscopy is challenging with patients often describing it as the worst part of the whole investigative process, limiting adherence(108, 109, 112, 165).  Educational interventions to specifically target aspects of the regime have not been broadly assessed. A somewhat nominally determined assessment of an educational video to assist in dietary adherence was conducted by Rice and colleagues.  Participants were not informed that they were involved in a study, but the intervention group were provided with a link to an educational video on dietary changes before colonoscopy. Demographic and risk factor profile was equivalent between the two groups.  Video uptake in the intervention group was tracked by monitoring the view counter of the video.  This exceeded the number of participants in the intervention arm, which could indicate that the video was watched multiple times by individual participants.  A difference in bowel preparation quality was not demonstrated by this study(157).  This may be due to the small sample size producing a type 2 error, but it may also indicate that an educational video aimed at only one aspect of a regime which is multifaceted, is insufficient to lead to improvement (166).  This study recommended a CLD for 24 hours prior to the examination.  This is known to be more difficult to follow than an LRD, and the benefit is limited by studies demonstrating the equivalence of an LRD (127).  This study did not explicitly assess the acceptability of the video or the perceived benefit that it could provide participants.  This is potentially useful information and could be telling, as an educational intervention is dependent on how effective the actual educational content is, and patient feedback in this area is invaluable (157). 
Two retrospective studies measured the effect of viewing an educational video on bowel preparation. Hayat demonstrated, in a cohort of first-time colonoscopies, that there was a significant difference in bowel preparation in the group that viewed the educational video (98% vs 95%, p <0.001) (154). Although there were a higher number of adenomas seen in the educational video group, this was not significant.  Fatima investigated whether the proportion of an educational video watched affected preparation. Patients were divided into four groups depending on the proportion of the video that was watched (group I/control (did not watch the video) , II (<50% of video watched), III (between 50-75% of video watched), and IV (>75% of video watched)(155).  This study did not demonstrate a significant difference between the groups in either bowel preparation adequacy or ADR.  However, there were only 73 (22%) patients in all 3 arms of the study who had watched any segment of the video, leading to a large disparity in group sizes.  The video used in both studies was 20 minutes in length and had segments on all aspects of the colonoscopy procedure.  Since the majority did not watch the whole 20 minutes, the section specifically related to the bowel preparation for colonoscopy may not even have been watched by the intervention groups.  The nature of the studies themselves, being retrospective analyses, adds further confounders of selection bias. Participants watching the videos are more likely to be adherent motivated individuals, who you could expect to have undertaken effective bowel preparation. Also, with no blinding in the study, endoscopists reporting the bowel preparation may have been aware that the patient had watched an educational video, further reducing the reliability(154, 155).
[bookmark: _Toc167893053]Summary of educational interventions
There have been three meta-analyses reviewing studies utilising educational interventions. They demonstrate an overall benefit of patient educational interventions concerning the quality of bowel preparation for colonoscopy(162, 167, 168). The studies could be divided into those conducted in the East and those in the West. This may be important as cultural differences, as well as baseline education and ability may vary depending upon the population studied(115).  In both populations, East and West, there was a significant improvement in bowel preparation(167), which indicates that educational interventions are beneficial across different cultures.  Another consideration is how applicable to general clinical practice the educational interventions are.  Out of the 13 trials reviewed in the three meta-analyses, only two of them were multi-site.  Both were conducted across two sites. Of these two studies, one demonstrated a significant difference in bowel preparation in favour of the educational intervention(149), whereas the other did not demonstrate any improvement(117).  It could be expected that designers of each study are likely to prioritise the population from which they are recruiting.  The development of educational interventions usually involves the local population, who provide feedback and evaluation to steer its production. Although this would improve its efficacy in the population studied, it does not necessarily translate to an alternative population that may have differing needs. As well as this, staff availability, current educational interventions, and resources available will affect which educational intervention is most appropriate. 
The periods between the education intervention and the colonoscopy were also reviewed. Both short and long time periods (long was defined as >1 week) between educational intervention and the colonoscopy procedure led to a significant improvement in their preparation. When comparing the intensiveness of the educational material, the studies that did not demonstrate significant difference were those that used simpler educational interventions, such as visual aids (117, 136, 162). Whereas studies that utilised a more intensive intervention, such as videos, mobile phone interaction, or one-on-one education, led to a significant improvement in bowel preparation.
Only two of the studies included in the above meta-analyses specifically used a video as an educational intervention. 
The evidence appears in favour of educational interventions leading to improvement in bowel preparation.  The benefit achieved, may well be affected by the intensity of the intervention and characteristics of the population, such as ethnicity and level of education.  To date, there has not been a trial in the UK measuring the effect of a video as an educational adjunct.  Neither has there been a multi-centre trial of more than 2 sites assessing the effectiveness of an educational video.  In the UK there are over 600 000 colonoscopies performed per year(169). By rolling out small, systematic improvements into general practice, significant effects can be achieved.  Quality of preparation is a key indicator of the standard of colonoscopy, and optimisation is vital to improve practice in the UK(49).  If the benefits of an educational video could be demonstrated in the UK population, this would be evidence for its implementation and standard use to improve the quality of care. 
[bookmark: _Toc167893054]Discussion
Bowel preparation for colonoscopy is one of the pivotal factors in ensuring the quality(35, 49).  That which is not seen cannot be diagnosed, and it is logical that good quality bowel preparation leads to an increase in the ADR(68, 73, 74).  Improving ADR is one of the key goals in colonoscopy, as reducing the burden of adenomas, leads to a reduction in the risk of CRC(72, 77, 85).  Therefore, the first step in effective colonoscopy must be to ensure that consistent good quality bowel preparation is achieved.  Multiple other factors affect the quality of colonoscopy(49, 87, 98).  However, without quality bowel preparation, these other factors cannot have a beneficial effect.  Good bowel preparation is the first step on which other factors rely.
The quality of bowel preparation is made up of many contributing elements which can be optimised to lead to an improvement in overall bowel preparation(87, 98). Patient adherence to bowel preparation, its constituent instructions and the quantity of bowel preparation consumed, the type of bowel preparation used, the timing at which the bowel preparation is given and dietary restriction, could all lead to an improvement in the degree of bowel preparation(109, 127, 170).  Conversely there are specific features that can have a detrimental effect on bowel preparation(93, 95, 96, 98). Optimising factors and mitigating for risk factors of poor bowel preparation for the individual patient could lead to the desired outcome of effective bowel preparation.  
Defining what makes a “good” bowel preparation is a key judgement and potentially has important consequences.  Determining on whether a patient requires a repeat examination of their bowel has implications to both the service and the patient.  There is a cost and time demand which is placed upon the service to repeat the examination(171). Furthermore, bowel preparation is challenging for patients to complete, and they would prefer to avoid repeated preparation regimes (165).  This must be balanced against the risk to the patient of missing significant pathology.  Missing a cancerous lesion is unquestionably unacceptable from a colonoscopic examination, however, missing a small polyp of 1 cm has approximately a 10% chance in a 10-year period of transforming into a malignant lesion, and must also be avoided(13). 



[bookmark: _Toc167893055]Chapter 2 - Aims of thesis

[bookmark: _Toc167893225]Figure 7 - Aims of thesis
This thesis centres around improving bowel preparation for colonoscopy.  The current practice within the UK will form the foundation of the work with subsequent studies investigating strategies to improve bowel preparation for colonoscopy.  Bowel preparation is the first key step in colonoscopy practice.   Included within the British Society of Gastroenterology (BSG) “UK Key Performance Indicators and Quality Assurance Standards for Colonoscopy”, it is recommended that endoscopy units should have adequacy rates greater than 90%.  The scale recommended is used in BCSP and consists of a categorical grading scale of excellent, adequate, complete despite poor preparation, or failed due to poor preparation (49).  
Studies have demonstrated that poor bowel preparation is common(95, 98, 99).  Bowel preparation correlates with the completion of the procedure to the caecum(171).  However, there are also other effects.  It is associated with longer procedures(172), more patient discomfort and an increased likelihood of missed significant lesions(68, 73, 74), leading to a greater risk of subsequent colorectal cancer(85). 
This thesis aims to investigate the role of patient education on bowel preparation for colonoscopy within the UK, and consider what factors influence the quality and grading of cleansing. 
There will be three main strands: the role of patient education for colonoscopy, grading of bowel preparation and assessment of preparation adequacy and investigation of factors that predispose to worsening of bowel preparation. These studies will be based on clinical practice in the UK, however, the knowledge acquired, and conclusions drawn, may well be applicable more generally.  



[bookmark: _Toc167893056]Objectives
[bookmark: _Toc167893057]Assessment of the current national practice
1. Conduct a national survey of bowel preparation for colonoscopy to assess the baseline and “state-of-play” of current practice within the UK, with especial reference to: 
a. Bowel preparation used in units.
b. Timing of bowel preparation.
c. Pre-endoscopy diet.
d. Duration of pre-endoscopy diet.
e. Duration of fast prior to the procedure.
2. Correlate differences in practice with outcomes including:
a. Proportion of adequate preparations.
b. Markers of quality of colonoscopy such as PDR.
3. Consider how the current practice adheres to the evidence base and consider how it could be improved.
[bookmark: _Toc167893058]Patient education regarding bowel preparation for colonoscopy
1. Collaborate within a multidisciplinary team to develop an educational video for colonoscopy.
2. Within a UK cohort, assess the effect of an educational video on:
a. The adequacy of bowel preparation.
b. Understanding of instructions for colonoscopy.
c. Effect on other clinical outcomes such as PDR and CIR.
d. Factors associated with the effect of the educational video, such as age, sex, and educational level. 
3. Reflect upon the evidence obtained and consider how this could fit into clinical practice within the UK
[bookmark: _Toc167893059]Assessment of the different bowel preparation grading scales
1. Consider the impact of using different scales alternative scales and the effect this may have on colonoscopy quality.
2. Assess the interobserver reliability of bowel preparation grading within a UK population of endoscopists.
3. Reflect on the use of bowel preparation scales within the UK
[bookmark: _Toc167893060]Can poor bowel preparation be predicted?
1. Review of the predictive scores of poor bowel preparation.  What scores are available and what data is there to demonstrate their utility relating to clinical practice?
2. Undertake validation of the current predictive scores using an independent external data cohort.
3. Consider the potential use of the predictive scores within the UK.














[bookmark: _Hlk46906352]








[bookmark: _Ref162878104][bookmark: _Toc167893061]Chapter 3: Is it time we split bowel preparation for all colonoscopies? Outcomes from a national survey of bowel preparation practice in the UK

[bookmark: _Toc167893062]ABSTRACT
[bookmark: _Toc167893063]Introduction	
Adequate bowel preparation is a pre-requisite for effective colonoscopy. Split bowel preparation results in optimal cleansing. This study assessed the bowel preparation regimes advised by endoscopy units across the UK, and correlated the differences with outcomes.
[bookmark: _Toc167893064]Methods
Trusts in the UK were surveyed, with data requested in the form of a freedom of information request between January 2018 and January 2019, including: the type and timing of preparation, pre-endoscopy diet, adequacy rates and polyp detection. Trusts were grouped according to the timing of bowel preparation.  Bowel preparation quality was dichotimised to adequate (including grades excellent, good and fair) and inadequate. Chi-squared test was used to assess for differences in bowel preparation adequacy. 
[bookmark: _Toc167893065]Results
[bookmark: _Hlk81918354]The response rate was 70.3%. Moviprep was the first line bowel preparation in 79% of Trusts. Only 7% of Trusts advised splitting bowel preparation for all procedures, however, 91% used split bowel preparation for afternoon procedures. Of those providing rates of adequate bowel preparation, Trusts that split preparation for all procedures had an inadequacy rate of 6.7%, compared with 8.5% (p<.001) for those that split preparation for PM procedures alone, and 9.5% (p<.001) for those that provided day before preparation for all procedures. Morning procedures with day-before preparation had a higher rate of inadequate cleansing than afternoon procedures that received split preparation (7.7% vs 6.5 %, p<.001). The PDR for procedures with adequate preparation was 37.1%, compared with 26.4% for those that were inadequate.
[bookmark: _Toc167893066]Conclusion
Within this survey of practice most Trusts do not provide instructions optimising the timing of bowel preparation prior to colonoscopy. This correlated with an increased rate of inadequate cleansing. Splitting bowel preparation is likely to reduce the impacts of poor cleansing: missed lesions, repeat colonoscopies and significant costs.
[bookmark: _Toc167893067]

Introduction
Colorectal cancer (CRC) is the fourth commonest cause of cancer in the UK, with the second highest mortality (6). Colonoscopy is the gold standard investigation of the large bowel. Over 600 000 colonoscopies are performed in the UK each year(169).   Polyps detected and removed at endoscopy reduce the subsequent risk of CRC (72) (11-13, 69). Adequate colonic cleansing is integral to performing high quality endoscopy, but poor bowel preparation is common (99).  Inadequate bowel preparation is associated with missed polyps and cancers, prolonged and incomplete examinations, and the need for repeat procedures (67, 85), (74, 173). Preparation for colonoscopy is achieved by patients completing a pre-procedural regime, consisting of a restrictive diet and a purgative drink that clears the bowel. 
The determinants of bowel preparation quality are multifactorial. Organisational factors such as the type of bowel preparation used, the timing of bowel preparation and pre-endoscopy diet may affect quality (174, 175) (88, 170), (86, 176).  Bowel preparation is usually administered in multiple doses.  In split bowel preparation part is given on the day prior, with the rest given on the day of the procedure.  Studies demonstrate that dose timing is pivotal to good bowel preparation, with 4-6 hours being the optimum interval from last dose (35, 177).  As such, same day and split dose bowel preparation result in better bowel cleansing than day before preparation (87, 88, 170, 178). Although better bowel preparation is expected with split dosing, it requires patients to wake early to prepare for morning scheduled examinations.  Despite evidence of its importance, a survey of endoscopy units in USA demonstrated that split bowel preparation is not the universal standard practice, with only 42% of units using it for all procedures (179).  The manufacturers’ standard instructions for Moviprep© and Klean prep© do not recommend split bowel preparation for morning procedures (See – Appendix 1). However, the variation in practice in the UK is unknown.
This study aimed to assess the variability of bowel preparation regimes employed within the UK, and correlate the different practices with adequacy of cleansing.


[bookmark: _Toc167893068]

Methods	
[bookmark: _Toc167893069]Development of the questionnaire
Concepts on questionnaire design were informed upon by the SAGE handbook of survey methodology with following theories taken into consideration.  The question should be designed with a respondent centred perspective.  Consideration of both how the respondent would interpret the questions, as well as how it could be most easily accessed should be a focus.  The survey should encourage respondents to respond with optimised responses, rather than satisficed, in which responses are superficially responded to with minimal deliberation, leading to potentially less reliable answers.  The manner a response is formulated and completed allows opportunities to optimise comprehension and completion of the survey.  Comprehension can be improved by asking single questions at a time using few and simple words that are specific and therefore reducing ambiguity. Double negatives should also be avoided.  Decomposition of questions, by expanding on an initial question, can provide more accurate responses.  Retrieval of relevant information can also be optimised.  An awareness of how information is stored can simplify how it is accessed and subsequently the ease the completion of the survey.  Close ended questions also require less effort, but it must be considered how they are interpreted.  When multiple responses are available the list should be exhaustive, and each response should be mutually exclusive. How the survey is presented will affect completion.  The navigational path can be influenced by how it is organised.  This can also affect how questions are perceived.  The order in which questions appear could influence their meaning as prior questions can cause priming.
Pretesting of surveys can be conducted using different techniques to acquire differing insights.  Expert review of questions has been demonstrated to identify issues relating to retrieval and judgement, whereas pilot studies can help to recognise problems with perception and reporting (180). 
 
	Features of SAGE questionnaire
	Incorporation into the development of the final survey

	Interpretation of the question 
	Questions grouped with similar themes to maintain consistency of questions and to allow ease of inference of relevance.
Simple question directed at one issue using unambiguous language.
Review of questions by local freedom of information office and audit department, endoscopy lead stakeholders.
Open dialogue maintained to allow clarification of questions
Stem questions with expansion allowed consistency.

	How easily accessed
	Available bowel preparation regime instructions were reviewed and questions were directed to seek information on specific themes within the instructions.
Questions were simplified to allow ease of access from the instructions.  
Questions requesting numerical answers were initially broad, with further questions subsequently drawing groups from these initial topics.  This followed a logical path, the numerical responses required could be clearly delineated by the previous questions in the group.
Data requested was designed to be consistent with mandatory data requested by the National Endoscopy Database.  Since this is already required to be stored, the data can be more easily accessed. Most questions were closed ended.  This allowed consistency of response, also simplifying the response process for the recipient of the survey.
The most pertinent themes were discussed by the panel. Questions were based on these themes, with further expansion on the initial theme.  This allowed relevant information to be shared, but minimised the volume of data that the recipient was required to review.

	Optimised response not satisficed
	The use of initial topic questions, introducing the theme of the question, was followed by specific questions that further brought out details related to this theme.

	Optimisation of comprehension
	Decomposition of questions was undertaken to further elaborate on topics. Questions were initially reviewed by the panel and subsequently trialled on the local freedom of information department and audit department.  An explanation was sought from these departments to clarify their understanding of the questions to ensure consistency of intended meaning and interpretation.  An open dialogue was maintained with the recipients of the surveys to allow further clarification of question meaning

	Pretesting of survey
	The survey was tested on the freedom of information department at the local centre.  The information received was then compared to the intended response.


[bookmark: _Toc167893208]Table 23 -Application of SAGE questionnaire to survey questions
An initial round table discussion made up of the author, two senior clinicians (Dr Stuart Riley/Dr Mo Thoufeeq) with expertise in colonoscopy and bowel preparation and a senior scientist (Dr Bernard Corfe) with expertise in study methodology, was conducted. Mind mapping was undertaken to create an array of areas of interest that the survey could explore relating to bowel preparation.  Areas were identified through a review of the literature (see Factors that affect the quality of colonoscopy) and via prior clinical experience including: choice of bowel preparation, timing of bowel preparation, pre-endoscopy diet, rates of adequate preparation and polyp detection.  
Outcomes of the mind mapping with the areas discussed are demonstrated in Table 24. The timing of bowel preparation regimes was raised as an area of specific interest. There is strong evidence that the time that the bowel purgative is given is a key indicator of the resultant quality(35, 87).  Furthermore, anecdotal experience of the panel indicated that split bowel preparation, the most effective timing regime, did not appear to be in widespread use for all colonoscopy appointments.  
Bowel preparation grading of colonoscopy was requested in the format of an ordinal scale (excellent, good, fair and inadequate).  This corresponds with the scale recommended by the BSG and Joint Advisory Group for endoscopy (JAG). JAG assesses practice in endoscopy units both within the UK and internationally, awarding accreditation for units meeting predefined standards. Trusts with JAG accreditation provide data in this format to JAG.  There is no set guideline on when procedures are inadequate requiring repeat endoscopy, however for this survey, excellent, good, and fair were categorised as adequate preparation. Questions were generated by the author (TPA) to address these aims.  Each question was formulated to address one domain with an unambiguous approach and either a numerical or dichotomous response.  A further round table discussion was undertaken to review the questions.  Each question was assessed for clarity and intention of response. The unanimous consensus of the panel on each question was required for it to be incorporated into the request. Modifications to the question were made until a unanimous consensus was reached.  For full list of questions see Appendix 2 - Question list from national survey. 



	Theme of question
	Questions generated

	Timing of bowel preparation
	Is split bowel preparation used at your Trust?
Is it used for morning appointments?
Is it used for afternoon appointments?
At what time is the bowel purgative recommended to be consumed for morning appointments?
At what time is the bowel purgative recommended to be consumed for afternoon appointments?
At what time is the bowel purgative recommended to be consumed for evening appointments?

	Choice of bowel purgative
	What bowel purgative is used first-line at your Trust?
What other bowel purgatives are used?
How many colonoscopy procedures receive each type of bowel purgative

	Diet
	What pre-endoscopy diet do you recommend?
For how many days before the colonoscopy is this recommended? 

	Fasting 
	When are patients advised to fast before colonoscopy for morning appointments?
When are patients advised to fast before colonoscopy for afternoon appointments?
When are patients advised to fast before colonoscopy for evening appointments? 

	Adequacy
	What grading scale for bowel preparation do you use?
If you use excellent/good/fair/inadequate, how many procedures were given each grade in total?
How many procedures were given each grade for morning procedures?
How many procedures were given each grade for afternoon procedures? 
How many procedures were given each grade for evening procedures?
What is the adequacy rate for each bowel purgative?

	Polyp detection

	What is the polyp detection rate?
What is the polyp detection rate for morning procedures?
What is the polyp detection rate for afternoon procedures?
What is the polyp detection rate for evening procedures?
What is the polyp detection rate for excellent preparation?
What is the polyp detection rate for good preparation?
What is the polyp detection rate for fair preparation?
What is the polyp detection rate for inadequate preparation?  


[bookmark: _Ref85190855][bookmark: _Toc167893209]Table 24 - Potential questions utilised in survey
[bookmark: _Toc167893070]Assessment of face validity
An initial pilot of the questionnaire was completed by the author’s local trust independent of the study team. The survey was provided to the local trust data administration team. A member of this team completed the response, who subsequently met with the author.  The aim of this meeting was to gauge the correlation of independent interpretation of the questions in the survey with their proposed intent. Feedback was obtained from the responder to explore the perceptions of the questions and how they were understood with an assessment for any ambiguity.  This feedback and the responses to the questions assisted in finalising the survey questionnaire.
[bookmark: _Toc167893071]Sampling
A list of JAG accredited NHS trusts and private healthcare providers was obtained from the JAG website (https://www.thejag.org.uk/Accreditedunits.aspx) in August 2019.
[bookmark: _Toc167893072]Design and data collection
Different methods were considered for data collection.  The volume of data required necessitated that it was collected efficiently, whilst maintaining data integrity.  Options for data collection included access to national databases, freedom of information requests, direct contact with trusts and national collaborative audits.  
Initially, access to the National Endoscopy Database (NED) was requested through JAG.  JAG created NED in 2013 with the goal of compiling all endoscopy procedure data from across the UK. Access to NED to obtain outcome related data was requested, however, permission was not granted and an alternative method of data collection was required.
Direct contact with endoscopy units was also undertaken to obtain responses to the survey.  The heterogeneity of the practice across the UK made it difficult to identify the appropriate person able to respond to the survey.
Freedom of information requests provides an avenue to access public data.  Each Trust has an information governance office that can be contacted with freedom of information requests.  The appropriate individual to answer the queries can then be identified internally and a response can be formulated.  Since this approach identified the appropriate individual to answer the survey it was felt to be an appropriate method of data collection.
Freedom of information requests were performed using a standard email (see Question list from national survey).  UK law allows access to public body data using a freedom of information request. Once requested, data must be returned within 20 days (181).
Requests were sent to all NHS trusts with JAG accredited units in the UK with the same information requested from private hospitals.  Relevant information regarding practice between 1st January 2018 and 1st January 2019 was requested and included details on; type of preparation, the timing of preparation, pre-endoscopy diet and fasting. Sites were excluded from analysis if they did not provide the timing of the bowel preparation. Outcome data on quality of bowel preparation and polyp detection rate (PDR) was included in the enquiry. Quality of bowel preparation was requested as both an overall rate per site, and by session (morning, afternoon, and evening).  Bowel preparation was converted from an ordinal scale to a dichotomous outcome, of adequate (including grades of excellent, good, and fair) or inadequate. As well as the total adequacy rates per trust, adequacy rates differentiated by scheduled appointment session (morning versus afternoon) were compared. Clarification of questions and responses was undertaken by one of the investigators (TPA). Since the aim of this study was to provide a cross section of practice missing data were not approximated and was not included in the analysis.  It was expected that not all responders would provide a full dataset, as such imputation of a large proportion of missing data was felt unlikely to be useful. Data were exported to Microsoft Excel v2008, Redmond, Washington. 
[bookmark: _Toc167893073]Statistical analysis
Descriptive data were generated for variables including; type of bowel preparation, the timing of regime, pre-endoscopy fasting, and length of diet advised.  The cohort was analysed as groups depending on these variations in practice. Cumulative rates of inadequate bowel preparation were calculated for each group.  For timing of bowel preparation, units were grouped as: split preparation for both morning and afternoon procedures (SP-AM/PM group), split preparation for afternoon procedures alone with day before preparation for morning procedures (DB-AM/SP-PM group) and day before preparation for all procedures (DB-AM/PM group). The total rates of adequacy (inclusive of all procedures from the different sessions; morning, afternoon, and where applicable evening) for these groups was compared. Subsequently, the rates differentiated by session were also compared. The correlation between co-variants and quality of bowel preparation was compared using chi-squared tests and Pearson correlation coefficient, with a significant level set at p = 0.05.  Statistical analysis was performed using SPSS for Windows v26, Armonk, New York.
[bookmark: _Toc167893074]Results
[image: ]
[bookmark: _Ref85797053][bookmark: _Toc167893226]Figure 8 - National survey study flow chart
The survey was sent to 162 NHS Trusts and 21 private healthcare providers. It was returned by 127 NHS Trusts, of which 13 were excluded as timing of bowel preparation was not provided.  The distribution of Trusts that did not respond to the survey is found in Figure 13 - Demonstrates the number of Trusts from each region of UK that did respond to the survey. The analysis included 114 Trusts (70.4%) (see Figure 8).  No private providers supplied data. The most common first line bowel purgative was Moviprep©, which was used first line at 88 (77.2%) trusts.  Magnesium citrate/picosulphate was used first line at 22 (19.3%) trusts and Kleanprep© at four (3.5%) trusts. Data on the rate of adequate preparation were provided for 75/114 Trusts.  Of these, 61/75 provided it in the ordinal scale of excellent/good/fair/inadequate, 10/75 provided it in three grades (good/fair/inadequate) and 4/75 provided it in a dichotomous scale.
[bookmark: _Toc167893075]Bowel preparation regimes
For morning procedures, day before bowel preparation was utilised by 106/114 (93.0%) and split bowel preparation was advised by the remaining 8/114 (6.9%) Trusts.  
Conversely, for afternoon procedures split bowel preparation was utilised by 91.2% (101/114)  of Trusts, with a further two providing same-day preparation.  Day before preparation was advised by  9.5% (10/114) Trusts for afternoon procedures.  One trust did not undertake afternoon procedures. 
Evening endoscopy lists were performed at 17/114 (14.9%) Trusts. For these appointments, split bowel preparation was recommended by 9/17 (52.9%) Trusts.  The remaining eight (47.1%) Trusts advised same-day preparation (see Figure 9 - Schedule of bowel preparation with respect to colonoscopy appointment time).[image: ]
[bookmark: _Ref85797234][bookmark: _Toc167893227]Figure 9 - Schedule of bowel preparation with respect to colonoscopy appointment time 

[bookmark: _Toc167893076]Pre endoscopy diet and fasting
A low-residue diet (LRD) was recommended by 102/114 (88.6%) Trusts, nine Trusts did not recommend a specific diet and three did not provide details on the diet advised.  Of those that recommended an LRD, the length of diet varied considerably. An LRD was recommended for two days by 37/102 (36.3%) Trusts, three days by 36/102 (35.3%) Trusts, one day by 20/102 (19.6%) Trusts. A more prolonged LRD was recommended by a small proportion of Trusts as their standard instructions. A five-day LRD was recommended by five (4.9%) Trusts and one (1.0%) Trust recommended seven days of LRD prior to colonoscopy (see Figure 10).  Three Trusts did not provide the length of low residue diet recommended to patients.

[image: ]
[bookmark: _Ref85797125][bookmark: _Toc167893228]Figure 10 - The number of units recommending each duration length of the pre-endoscopy diet 


Recommendations on fasting time prior to colonoscopy were provided by 40 Trusts.   For morning appointments, the median time was 23.5 hours, (range of 16 to 35.5 hours) and an interquartile range (IQR) of 4.5.  For afternoon appointments, the median was 23.5 hours (range of 21.5 to 31) and an IQR of 1.

[bookmark: _Toc167893077]Timing of bowel preparation and adequacy of cleansing
A total of 75/114 trusts provided bowel preparation adequacy data.  This is summarised in Figure 8. The proportion of adequate procedures demonstrated in this figure relates to Trusts that provided adequacy data. Overall, the bowel preparation was graded as inadequate in 8.4% of procedures.  Of the 75 units, six split bowel preparation for both morning and afternoon procedures, the SP-AM/PM group, 60 advised day before bowel preparation for morning procedures and split bowel preparation for afternoon procedures, the DB-AM/SP-PM group, and 9 advised day before preparation for all procedures, the DB-AM/PM group. The rate of inadequate bowel preparation was 6.7% (2212/33250) for the SP-AM/PM group, compared with 8.5% (20512/242004) in the DB-AM/SP-PM group (OR = 0.8, 95% confidence interval (CI) 0.765 to 0.832, p < .0001) and 9.5% (4137/43649) in the DB-AM/PM group (OR = 0.68, 95% CI 0.645 – 0.718, p < .0001).      
[bookmark: _Toc167893078]Adequacy of cleansing differentiated by session
From the DB-AM/SP-PM group 14/60 Trusts provided adequacy rates differentiated by session. Within the DB-AM/SP-PM group all procedures performed in the morning session received day before preparation, whereas for the afternoon session they received split bowel preparation. The rate of inadequate preparation for afternoon procedures that received split bowel preparation was 6.5% (2026/30941), compared with 7.7% (2515/32781) for morning procedures that received day before bowel preparation (OR = 0.7885, 95% CI 0.7421 to 0.8379, p < .001).  One Trust from the DB-AM/PM group provided adequacy rates differentiated by session.  Conversely, at this Trust, fewer morning procedures were inadequate than afternoon procedures (7.4% vs 12.0%).
[bookmark: _Toc167893079]PDR and quality of bowel preparation
[bookmark: _Hlk81043046]The PDR along with the quality of bowel preparation was provided by 19/114 Trusts, with a combined total of 73 908 procedures.  The PDR for adequate bowel preparation was 37.7%, whereas for inadequate bowel preparation it was 25.9% (OR 1.734, CI 1.628 to 1.846, p < .0001).
Page | 2





[bookmark: _Toc167893080]Length of diet, fast, and bowel preparation adequacy
The rate of adequacy of bowel preparation as well as the period of fasting prior to endoscopy was provided by 24/114 Trusts.    No correlation was demonstrated between the duration of the fast prior to colonoscopy and the rate of inadequate bowel preparation (Pearson correlation = -0.1870, 95% CI -0.549 to 0.234, p = .381).
Pearson Correlation -.187
P value = .381








[bookmark: _Toc167893229]Figure 11 - Correlation of percentage of inadequately prepared procedures with average fasting time

Adequacy of bowel preparation and the length of LRD prior to endoscopy was provided by 67/114 Trusts. No correlation was demonstrated between the rate of inadequate bowel preparation and the length of LRD (Pearson correlation= 0.055, 95% CI = -0.188 to 0.291, p = .659) . [bookmark: _Toc167893230]Figure 12 Correlation of percentage of inadequately prepared procedures with the number of days that patients were recommended to follow a low residue diet
Pearson correlation .055
P value .659
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[bookmark: _Ref162184643][bookmark: _Toc167893231]Figure 13 - Demonstrates the number of Trusts from each region of UK that did respond to the survey

[bookmark: _Toc167893081]

DISCUSSION
[bookmark: _Hlk44076599][bookmark: _Hlk81918252]This is the first national survey of bowel preparation in the UK.  It demonstrates considerable variation between Trusts, and indicates the possible effect of these differences on bowel cleansing. A high proportion of NHS trusts responded. Almost all Trusts that responded split bowel preparation for afternoon procedures, however, only 7% split preparation for morning examinations. A significant difference in the adequacy of cleansing was seen when these variations in practice were compared. The overall adequacy rate was greater in Trusts that utilised split bowel preparation for all procedures compared with Trusts that did not. Furthermore, in Trusts that both split as well as recommended day before preparation, those receiving split dosing had a lower rate of inadequate cleansing than those receiving day before preparation. This indicates the superiority of splitting bowel preparation. 
[bookmark: _Hlk81043973]Prior studies demonstrate that splitting bowel preparation leads to improved bowel cleansing (177, 178). Meta analyses have compared the difference between split bowel preparation and day before preparation.  Bucci and colleagues demonstrated an inadequacy rate of 15% with split preparation and 37% with non-split preparation, with a relative risk reduction of 59%(87). This was a finding echoed in a meta-analysis by Martel and colleagues who found that split bowel preparation provided superior cleansing to day before preparation, with an OR of adequate cleansing of 2.51 (95% CI 1.46-4.63)(88). The time from final dose of bowel preparation to procedure is referred to as the run-way time. The longer the run-way time, the higher the rate of inadequate preparation. Siddiqui and colleagues found that for each hour over a 5 hour run-way time, there was a 10% decrease in the number of patients with good or excellent bowel preparation (177). 
[bookmark: _Hlk81043590]This study was primarily designed to assess variation in national practice.  The design is not optimal to prove association between split bowel preparation and improved bowel cleansing, however, its great benefit is already known. The correlation seen also supports this prior finding. Within this sample of practice in the UK, Trusts that employed universal splitting of bowel preparation had higher rates of adequate cleansing with a relative risk reduction of 21% compared to units that utilised day before preparation for morning appointments. Moreover, the shortest consistent runway time, seen in the afternoon procedure in the DB-AM/SP-PM group, had an inadequacy rate of 6.5%.  As the runway time extended the rate of inadequately prepared procedures also increased.  Day before preparation for morning procedures and afternoon procedures had a minimum runway time of 11 hours and 14 hours respectively, with corresponding inadequacy rates of 7.7% and 12.0%.  These data represent outcomes across a sample of practice across the UK, with 75 Trusts from a total of 162 nationwide.  As such, is not fully representative.  However, this dataset still represents the outcomes associated with 318 903 colonoscopies, a sample size which permits conclusions to be made on the different practice between the groups. Since not all Trusts responded assumptions are made that similar outcomes would be obtained from the remaining Trusts if this data is extrapolated to the UK as a whole, however, a responder bias should be considered that may skew this data. 
[bookmark: _Hlk81044059]The benefit afforded in adequacy rates due to split dosing over day before preparation was lower than expected. However, the overall rate of inadequate preparation in this survey was also much lower than anticipated, with previous studies demonstrating as many as 25% of procedures having poor preparation (99, 108).  The categorical grading scale used in this survey, and currently recommended for routine practice, may be an explanation for this discrepancy (49). It has an inferior interobserver reliability and has a poorer correlation with missed lesions compared with segmental grading scales, such as the BBPS or the OBPS (51). Routine use of these segmental scales would provide a more accurate and reliable assessment of bowel preparation quality.  It is likely that a proportion of procedures with suboptimal preparation were graded as adequate using this categorical scale. The preferential use of a segmental grading scale would likely improve the sensitivity to suboptimal preparation(51, 55, 64).   
Both adequate bowel preparation and PDR are indicators for quality colonoscopy(49). There is an inverse relationship between PDR and subsequent CRC (68, 72, 74). Sulz and colleagues conducted a meta-analysis of 27 studies, including 246 340 colonoscopies, and found that both small and advanced polyps were less commonly diagnosed when poor bowel preparation was present (73). This was a finding echoed in our study, with the overall polyp detection being significantly lower in procedures that had inadequate bowel preparation.  This finding is based on a minority of Trusts (19/114) that provided data on adequacy of preparation and polyp detection.  However, this still represents the outcome of a large number of procedures (73 908). Accessing adequacy and polyp detection outcomes is dependent on how the data is coded by the endoscopy software when the procedure is reported, and how readily it can be accessed. Different Trusts use alternative endoscopy reporting software and it is likely that auditing this for polyp detection is not universally feasible.
Only 7% of Trusts within the cohort that responded to the survey offered split bowel preparation for all procedures. Ton and colleagues, performing a survey of units in the US, found that split bowel preparation was not universally used, with 42% of units that responded advising it for all procedures (179).  Anecdotally, there is resistance to recommending split bowel preparation for all, since it requires patients with morning procedures waking early, potentially interrupting their sleep.  Furthermore, the standard instructions for the bowel purgative provided by the supplier do not recommend split dosing for morning procedures. However, Unger and colleagues demonstrated that most patients would be willing to wake up to take split bowel preparation (182).  Furthermore, Radaelli and colleagues found that when given the choice, most patients chose split, over day before, dosing (183).  Moviprep© continues to have an effect several hours after completion, which could affect sleep if taken at 8pm, as most day before protocols advise. Radaelli and colleagues demonstrated that split bowel preparation led to a significantly better quality of sleep than day before dosing (183).  
A low residue diet was recommended by almost all Trusts. Previous studies have demonstrated that it is as effective as a clear liquid diet, but better tolerated by patients (127).  A more prolonged LRD is often used in “difficult-to-prep” patients, with studies demonstrating that regimes containing a prolonged LRD along with augmentation with high volume purgative and additional laxatives prior to the procedure obtains a superior cleanse (111, 184). A correlation with an increasing length of LRD and the proportion of adequate procedures was not seen in this study. This is in line with trials conducted by Gimeno-Garcia and Taveira, who did not demonstrate an improvement in bowel preparation with a three-day LRD, compared with a one-day LRD (128, 176). 
There are limited data assessing the optimal time patients should fast prior to their colonoscopy. Melicharkova and colleagues demonstrated that having a breakfast the day prior to colonoscopy did not affect the rate of inadequate preparation, over a complete fast the day prior to a colonoscopy (185). An even shorter fast of 14 hours was used in a study by Aoun and colleagues, with no reduction in the proportion of adequate bowel preparation (186). In this survey, the range of fast was considerable, from 16 hours to 35.5 hours, with no clear benefit demonstrated with an increased fast.  Further research of the effect of varying lengths of fasting is warranted.
[bookmark: _Hlk81044522]These data were sourced from a survey and therefore have the limitations of this form of data acquisition.  The study is retrospective and may demonstrate correlations but cannot prove association. There are many patient factors that impact on bowel preparation quality, including patient comorbidities, medications, and adherence (99, 108). Collection of data on individual factors was not feasible on such a large scale with this study design. Although these may act as confounders, on a large cohort, such as in this study, it is likely that individual variables would tend towards becoming even between the groups, and institutional differences between the Trusts would likely have a more significant effect. This cross-sectional study allowed comparison of the standard preparation regimes at Trusts and the resultant outcomes; however individual patient factors were not accessible. Use of Hospital Episode Statistics could have allowed access to individual patient related data. Furthermore, the National Endoscopy Database collects outcomes from patient procedures, however, at present these two databases aren’t linked. Not all Trusts were able to provide data for all queries and the missing data were not imputed.  The distribution of these trusts appears to be spread across UK. However, the response rates were still high and adequacy rates were provided for over 300 000 colonoscopies, approximately half of the national annual total(169). Although, the proportion of missing data made imputation of said data futile, the high proportion of units represented gives a clear indication of the practice on a national scale, which can aid in guiding policy and future planning. In view of the limitations, this data cannot act as proof on its own, but it is consistent with, and further evidence in support of, prior data that split bowel preparation is superior (87, 178). Although this study encompasses practice from 70% of UK NHS Trusts, there remains a proportion of Trusts whose practice is not known.  As such a complete overview is not available.  Furthermore, practice within the private sector is not known as no providers issued responses.  Freedom of information requests do not apply in the private sector. Also, although NHS Trusts function independently of one another, collaboration between Trusts is not uncommon within studies, and the benefit of shared goals to improve overall care is more tangible.  Although information was requested from each private provider it was fruitless. The size of this cohort allows conclusions to be drawn on the majority of practice within the UK.  As such, this data can be used to make generalisations, however, since 30% of Trusts did not respond there remains an element of doubt.  In spite of this, these data clearly represents that most Trusts do not split bowel preparation for all their patients, representing a significant opportunity to improve; both in terms of patient care as well as significant savings for the NHS. As described in the introduction to this thesis, there are several scales for bowel preparation grading (see Bowel preparation grading).  The categorical scale used in this study is not as validated as segmental grading scales and is not so closely associated with important clinical outcomes such as PDR.  However, since segmental scales are not routinely used in the UK, this was an inevitable compromise. The actual difference in adequacy may be more pronounced than seen in this study.  In view of the aforementioned limitations the design of this study is not optimal to demonstrate this difference, and the actual clinical effect of split bowel preparation may be more significant.
Colonoscopy is a limited resource and the demand outstrips the supply (169).  Efficiency and productivity gains could be made readily, and at negligible additional cost, through optimising bowel cleansing protocols to reduce poor quality preparation. Timing of preparation is a significant, yet often overlooked, factor that plays a crucial role in determining adequacy of bowel preparation, with split bowel preparation consistently delivering better outcomes (88, 178, 187, 188). Recent ESGE guidelines recommended that all colonoscopic procedures should be undertaken using split bowel preparation (35). There are several possible explanation for this inertia recommend split bowel preparation for all procedures. Decision makers at Trusts may be unwilling to make a change that would require patients to wake early in the morning to start bowel preparation, with concerns regarding sleep disturbance and incontinence. Studies discussed above by Radaelli and Unger indicate that the evidence does not agree with this assumption(182, 183). The standard licensed written instructions for Moviprep © also did not include split timing of bowel preparation for morning procedures. Trusts using the instructions provided by the manufacturer would not have an option to recommend morning split timing. Recently, the company that produces Moviprep © has given Trusts the option to choose the timing of preparation in the pre-printed instructions. This gives the opportunity to use standardised instructions that also recommend split timing for morning procedures. This single change in practice could lead to a universal improvement in bowel preparation quality. Although not all colonoscopy examinations that are judged to be inadequately prepared will be repeated, extrapolation of these data could lead to, not only significant quality improvements to be gained, but very considerable cost savings to be made. This is particularly important as endoscopy units plan to restore services during and following the COVID 19 pandemic (189).  Since most Trusts did not split bowel preparation for all procedures, this presents a significant opportunity for widespread improvement in practice.
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[bookmark: _Ref80889794][bookmark: _Toc167893082]Chapter 4: Can an Educational video improve the adequacy of BOwel Preparation for patients undergoing their first colonoscopy? The EBOPs study
[bookmark: _Toc167893083]Abstract
[bookmark: _Toc167893084]Objective
To assess the effect of an educational video on bowel preparation for patients from a UK population attending for their first colonoscopy. 
[bookmark: _Toc167893085]Design 
An endoscopist-blinded, multicentre trial with 1:1 allocation. Patients referred for their first colonoscopy were recruited between February 2019 to December 2019.  All participants were prescribed Moviprep© and received standard written bowel preparation instructions, with the intervention group also receiving a bespoke educational video. Adequacy of bowel preparation was defined as a BBPS of ≥2 in each segment of the bowel. PDR was also compared. Fisher’s chi-squared test was utilised to compare the groups with a p < .05 used as the threshold for significance. 
[bookmark: _Toc167893086]Results
509 participants completed the trial from six centres; 251 were randomised to the intervention group. 266 (52.3%) were female, with a mean age of 57 years. The primary endpoint was met with an adequacy rate of 216/251 (86.1%) in the intervention group, compared with 205/259 (79.1%) in the control group (OR 1.626, 95% CI 1.017 to 2.614, p = .047).  The PDR was significantly higher in the intervention group (39% vs 30%, OR 1.51, 95% CI 1.04 to 2.19, p = .032).
[bookmark: _Toc167893087]Conclusion
An educational video leads to improved bowel preparation for patients attending for their first colonoscopy and this is associated with a greater detection of polyps. Widespread adoption of an educational video incurs minimal investment, but would reduce the number of inadequate procedures, missed pathology and the cost that both these incur.

[bookmark: _Toc167893088]Introduction
Colonoscopy is the gold standard investigation of the large bowel(1). Over 600 000 colonoscopies are performed each year in the UK (169). Adequate bowel preparation is the first vital step towards a good quality colonoscopy(68, 73, 74, 90).  Poor quality bowel preparation, however, is common, affecting up to 25% of procedures(99, 108).  This can lead to prolonged procedural duration and the need for examinations to be repeated. It also affects outcomes with a lower ADR, an increased risk of both missed lesions and post colonoscopy colorectal cancer(75, 85).
The quality of bowel preparation is influenced by several variables; timing, type of bowel preparation utilised and patient-related factors(88, 170, 175).  Comorbidities, such as diabetes mellitus, constipation, liver cirrhosis, renal failure and neurological disease can predispose to poor preparation(91, 98). Furthermore, medications known to slow colonic transit, such as opioids and tricyclic antidepressants, are associated with inadequate cleansing(92, 94, 98).  Completing the bowel preparation regime can be challenging and is often cited as the worst aspect of the whole colonoscopic investigation(165). However, good adherence is a key determinant of adequate cleansing, with incomplete compliance seen in almost half of the patients with poor bowel preparation(108, 109, 112). 
Improving understanding and motivation to undertake what is an essential, yet unpleasant, procedure is therefore vital. The effect of enhanced educational interventions using a variety of different mediums has been studied (see The effect of patient educational interventions on bowel preparation quality). Enhanced pictorial and written patient instructions, face-to-face teaching and educational videos have all been assessed. Studies indicate that they can have a beneficial effect on bowel cleansing(118, 134, 151).  In this study, we investigated what effect an educational video has on the adequacy of bowel preparation in a UK population of symptomatic patients, attending for their first colonoscopy.


[bookmark: _Toc167893089]Methods
[bookmark: _Toc167893090]Development of the educational video
The content and design of the video were conceptualised in a mind mapping meeting of the study committee.  The committee was made up of T Archer, A Baxter, A Parra-Blanco, Waleed Fateem and Ronit Das. Ideas were considered independently prior to the meeting and then concepts on video design were discussed at a round table meeting. Focus groups were utilised to advise on the content and presentation of the bespoke educational video. This was further refined by input from an external pilot study.
[bookmark: _Toc167893091]Primary focus group
The primary focus group took place on 17th of February 2017 .  It was conducted at the Nottingham Biomedical Research Unit (BRU) and facilitated by Andrew Wragg, Thomas Archer and Ronit Das.  Invitations were sent to members of the BRU public participation group (PPG).  The PPG was informed that they would be critiquing a research project that was assessing the use of an educational video as an adjunct for bowel preparation.  Five members of the public attended.  The standard colonoscopy written instructions were provided to the PPG before the meeting for their review and consideration.  It was planned that information gathered from the focus group was summarised and presented to the video designer to guide the delivery and content of the video.
Focus group format
An initial introduction to the topic was presented. A background of what bowel preparation is, its importance in the context of colonoscopy, and how it is undertaken was presented to the group. The outline of the study was described, with the hypothesis that an educational video would lead to improved bowel preparation.  The goal of the focus group was to discuss what should be incorporated in the video and what would be deemed acceptable.  The comments of the focus group were recorded and summarised below.  The focus group meeting lasted two hours and fifteen minutes.  The transcript from the primary focus group is found in Appendix 3 - Primary focus group transcript. 
The focus group was moderated by Thomas Archer and Ronit Das who introduced the themes and explored the views of the focus groups’ opinions.  Andrew Wragg also facilitated by recording the meeting and prompting members who had not contributed.  Andrew Wragg was felt best placed for this role as he had worked alongside them in other focus groups.  Members were encouraged to share their opinion. Where there was difference in opinion, members were given the opportunity to explore the differences.
The focus group was asked for their own thoughts on the educational video using a thematic approach to specific questions lead by the moderators.  The questions related to: - 
· The content of the video.  
· What did the focus group feel should be included in the video. 
· Was there anything that should be avoided?
· At what level of seriousness should it be pitched? 
· Manner of delivery
· What manner of delivery was most appropriate?
· Should the video record actors in real life, animations or cartoons?
· Length of video
· How long should the video be?
· Presenter of video
· What was more appropriate, a narrator or a character presenting the video?
· If there was a character should it be a person, if so who? Or would they prefer an inanimate object?
The data gathered are summarised in the table indicating which members of the group either approved or dissented to different ideas raised.  Indicating approval or dissent in a focus group is influenced by both group dynamic and the individual’s confidence or shyness (190).  As such where members raised a specific statement in approval or dissent this was also noted in the matrix.


	Question theme
	Question
	KA
	DH
	DM
	MP
	SVH

	Delivery
	Animated
	SA
	SA
	A
	A
	SA

	
	Real life actors
	D
	A
	NR
	SA
	D

	
	Cartoon
	SA
	A
	NR
	D
	SA

	Presenter
	Character
	NR
	NR
	NR
	SA
	NR

	
	Narrator
	SA
	A
	A
	A
	SA

	Level of seriousness
	Medical/serious
	SD
	A
	NR
	SA
	NR

	
	Comedy/light-hearted
	SA
	A
	NR
	D
	SA

	Running length
	Running length
	A
	A
	A
	SA for 2 minutes
	A

	Specific contents
	Mention of specific diseases, for example cancer
	SD
	D
	D
	D
	D

	
	Encouragement to complete bowel preparation
	SA
	A
	A
	A
	A


[bookmark: _Toc167893210]Table 25 - Matrix demonstrating the different opinions within the focus group on themes relating to the educational video. A = Indicated agreement, D = Indicated dissent, SA = Provided significant statement or example suggesting agreement, SD = Provided significant statement or example suggesting dissent
Exploration of focus group’s thoughts
Delivery of video
The form that the video took was debated between the group.  The three forms that were considered were: filmed “real life scenes”, animations or cartoons.  One of the group (MP) preferred a real life scene, acted out by someone who was held in respect and knowledge of the area, such as a doctor, who could offer an explanation throughout the video.  The rest of the group were more in favour of an animated video.  MP also agreed that animated scenes would be an alternative approach. An animated scene was felt to be less daunting to watch and more acceptable, reducing the “fear factor”.  It was agreed that the animations could incorporate the depiction of a doctor, which the group felt likely to add an element of seriousness or credibility.  
The use of a narrator was universally agreed between the focus group.  It was felt that a narrator could be coupled with written instructions.  Used in unison, this would support the delivery of the instructions, making them easier to understand, as well as increasing the watchability.  Furthermore, the focus group raised the concern of patients who may have a visual or hearing impairment.  The incorporation of both written and narrated instructions would make it easier for patients with a disability to be able to access the video.  This was felt to be another clear factor in favour of a video over written instructions.   SVH wanted to ensure that different platforms for viewing the video were considered, as not all patients would necessarily have access to the internet if it was only accessible through this.
Level of seriousness
The level at which the video was pitched in terms of seriousness was debated amongst the group.  Members of the group (SVH/KA) prioritised that the video should take away from the “fear factor” of the procedure. They felt that the video should not be too serious. They felt that a, somewhat, light-hearted approach, potentially with some comedic elements could help to reduce these anxieties. Maintaining “everyday” language and avoiding jargon would also add to the accessibility of the video. KP stressed however, that this was still a medical procedure and as such a more “clinical” approach would be more appropriate.  They felt that a “clear, professional and factual” approach was most suitable.  This was discussed within the group. DM also considered that the video would likely be viewed by multiple age groups and it was important to make sure it was accessible to all.  On balance, the majority of the group agreed that the content should try to avoid being foreboding, minimising jargon and being accessible to the majority of viewers.  However, the group did feel that the video should remain clear and factual.
Length
MP felt that the average viewer’s concentration span may not permit a long video and felt that a shorter video, perhaps two minutes in length would be preferable.  The other members of the group did not raise any dissent to this view and indicated that they agreed.
Presenter
The group considered the benefit of including a character in the animation who would present the video.  This character could act as a narrator guiding the viewer through the video and introducing the scenes.  They could also be an observer, joining the viewer through the experience of the video.  There was initial interest in this idea from the focus group. MP specifically liked this idea, and considered whether a professional could introduce the video.  Other considerations of the group included having an animated object as the character/narrator.  Ideas that the group discussed included a “talking colon” or a “talking poo”.  The group discussed the pros and cons of this idea.  The benefits were considered that it would potentially make the video more approachable taking away some of the anxiety of the procedure by making it more light-hearted.  However, there was concern amongst the group especially MP, that this would take away from the seriousness of the procedure, and on balance the group agreed this was not serious enough and should not be included. 
Content of video
There was considerable group discussion regarding the content of the video.  It became clear that several subjects were prioritised by the group.  An important feature felt by the majority of the group was that the video should try to reduce “the fear factor”.  The group had personal experience of undergoing a colonoscopy, and as such an important feature of the video should be to try and reduce fear of the unknown for patients undergoing their first colonoscopy, providing reassurance.  The group felt that a video was more “personable” and that it was likely that patients would be able to relate to this better than written instructions alone.  The focus group were also aware of the difficulty that was faced by patients undertaking colonoscopy and that encouragement and motivation were important factors to help patients completing the challenging task of taking the bowel preparation.  As such a key task in the video should be to motivate patients to undertake the bowel preparation, and that a video was a suitable media form to undertake this.  It was broadly agreed that a motivational tag line should be included such as “Good Bowel Prep = Early Intervention and Reassurance”.
The group raised some specific points regarding the contents of the video.  Although the group felt that the video should encourage and motivate the viewer, indicating that the preparation should be good enough to prevent something from being missed, there was unanimous view that mention of serious findings, such as cancer, should not be included in the video.  They felt that this would likely increase anxiety and worsen the “fear factor” associated with the procedure.  SVH felt that a combination of animated video and still images may be able to confer different pieces of information.  Still images would allow the lists to be conveyed, specifically useful for demonstrating what could be consumed in a diet prior the colonoscopy. 

Summary of PPG focus group on video design
The PPG group felt that the video should have clear goals.  They felt that it should be easy-viewing, with a personable approach and simple, clear, and easy-to-understand messages.  They felt that a summarising tagline would help to get this across.  It should be accessible to all ages and should address patients’ anxieties.  This could be achieved by using a narrator along with written messages, incorporating images of the bowel and the colonoscope.  On balance, the group consensus was that animation would be the most acceptable way to present the video.  They also felt that the different ages that would be watching it should be borne in mind as well as the different platforms on which it could be viewed.
[bookmark: _Toc167893092]Development and design of video
The content, design, appearance, and delivery of the intervention were discussed within the study panel.  Information was drawn from background literature and prior experience in similar study design, PPG involvement, expert opinion of the panel and feedback from pilot data, staff involvement and graphical designer opinion.  Educational videos assessed in previous studies were reviewed and informed upon the design of this video.  They were between 6 and 20 minutes in length, with a median time of 6.5 minutes.  The range of topics covered in prior educational videos studied in RCT, included: what food could be eaten, when patients should fast from, the timing of bowel preparation, the method of formulating the bowel preparation purgative, how the bowel preparation purgative should be consumed, tips on how to make the purgative easier to drink, an explanation of the colonoscopy procedure, the process of sedation, possible findings, possible interventions, possible side effects and the post-procedural process(149, 151-153).  Two studies provided access to their educational videos.  One video conducted in South Korea (but performed in English language) used a text presentation with voice over, with the incorporation of recorded videos demonstrating the process of formulation of the purgative(151).  The other video used in a study in USA had a doctor as a presenter who talked through the topics.  This video also involved interviews with other staff members who shared their opinions on how best to prepare for the procedure(152).  The educational video designed for the EBOPS study shared similarities to these videos.  It is performed in English and incorporates information on both the diet that patients are recommended to follow as well as how to prepare the purgative prior to the procedure. It also incorporated advice on when the bowel purgative should be consumed depending on the time of the procedure. This was undertaken with a narrator providing a voice over in English. There were some differences between the videos following consideration of the insight from the focus group. The video designed for the EBOPS study incorporated animations and aimed to reduce medical jargon to minimise patient anxiety, used tag lines to encourage and motivate adherence.  A balance was sought to both attempt to demonstrate the seriousness of the procedure and how it was important to complete the purgative regime, but also to make the video accessible and easy viewing to the patient. The video was also planned to be shorter than those in other studies. 
Content of the video
It was felt that to most reliably measure the effect of the media form in which the education is provided, both groups should be provided with the same information.  Therefore, any difference in outcomes can be more reliably ascribed to the alternative media forms utilised, in this study the difference between an educational video and standard written instructions.
Presentation
The PPG advised on the preferred presentation style. This included an easy-viewing, personable approach with simple, clear, and easy-to-understand messages.  An animated video was felt the most appropriate way to achieve this, with narration describing the key messages and the use of “tag-lines” to clearly indicate the pertinent aspects, see Figure 14 .  The length of the video should be approximately two minutes in length and different facets of VARK learning styles should be utilised to maximise its impact on a variety of viewers(148).
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[bookmark: _Ref167879158][bookmark: _Toc167893232]Figure 14 - Stills from the educational video developed for the EBOPS study(191)

Delivery
Kakkar and colleagues had demonstrated that the potential benefit of an educational video can be limited by its uptake(159).  In their study the uniform resource locator (URL) was printed on paper and provided to participants.  URLs are complex codes that must be entered with absolute accuracy to be accessed. It is likely that frequent errors in transcription would occur, therefore preventing the webpage being opened and the video watched.  In the design of this study, it was important that as few barriers as possible prevented access to the video.  As such, a link was provided directly to participants via an email address that they supplied.  This link opened a webpage containing the educational video.  This alleviated the risk of incorrect transcription. The educational video was uploaded to YouTube ©.  This is an online platform that allows the upload and viewing of videos.  It has been demonstrated that this is a useful and easily accessible form of conveying patient medical education(192). In participants who did not have access to an email address, a digital versatile disk (DVD) containing the educational video was provided. 
Development of the educational video was undertaken in collaboration with the Nottingham Trent undergraduate graphics department. As part of their degree, undergraduate students were required to design a bespoke video for a client.  Potential clients presented to the undergraduates who chose a project to work upon. The concept of the video, along with a design brief, informed by the PPG, was presented to the undergraduates.  Two undergraduates developed videos that were reviewed by the PPG group, who provided feedback.  The video of choice was made by group consensus and further feedback was provided to the designer. The PPG advised that they felt that it was important to slow down the pace to allow time for viewers to take on the information.  The video length was four minutes in length.  The initial focus group felt that this should be approximately two minutes, however, it was not feasible for the video designer to compress all the required video into this time.  The focus group agreed that the video was an appropriate length when viewed.  They also felt more specific information was required regarding the bowel preparation, including a graphic on how Moviprep© is mixed.  Emphasis on the most important aspects of the regime were recommended, with a clear message conveyed.  This could be made by reiterating a message across certain graphics.  The importance of encouragement to complete the preparation was also recognised. 
[bookmark: _Toc167893093]Review of initial edit of video by focus group
The initial focus group viewed the initial edit of the video and provided the following specific feedback.
Delivery - the group agreed that the animated video was an appropriate form to convey the instructions.  The choice of colours were felt to be distinct.  There was an impression that the animation was well designed and appeared professionally created.   The combination of a narrator with written messages worked well.  They felt that the narrator’s voice was clear and conveyed the information in an empathetic manner, however, they felt that the speech could be slowed with pauses incorporated to aid comprehension.
Level of seriousness – The focus group were satisfied with pitch that the video was set.  It was easy viewing and put the focus group at ease.  They felt that humour could be utilized to further improve the design, possibly reminding the viewer to remain close to their toilet following taking the bowel preparation.
Video length - The video was longer than the advised  two minutes as the designer had difficulty fitting all the required information into the advised video length.  However, the focus group, did not feel it appeared too long and on the contrary felt that it could be longer to allow more time for the narrator to speak through the slides.  The only slide that appeared too long was the dietary slide as the narrator spoke through each individual food item.
Presenter of video - The focus group appreciated the incorporation of characters into the video design and felt it assisted the flow.  The incorporation of a medical figure was especially felt appropriate.
The focus group had a number of further suggestions.  When demonstrating the dietary changes, the group did not feel that each food item required naming, and instead pausing on the frame was appropriate to allow the viewer to take this in themselves.  Although the regime was described, the consequences of not completing the preparation were not felt to be clear.  The possibility of something being missed should be stressed.  The importance of completing the regime properly and “only wanting to have it done once” could be better emphasized.  It was felt that a further scene could be added to specifically demonstrate the process of making up the Moviprep solution, although described, a graphical representation would make it clearer for the viewer to understand the process.  How the solution requires the two constituents (A+B)  in each litre should be clarified.   A description and examples of clear fluids could also be added for clarity. Pearson Correlation -.108
P value = .617


[bookmark: _Toc167893094]EBOPS – I 
To assess the acceptability, effectiveness, and appropriateness of the intervention an initial pilot (EBOPS – I) study, incorporating the educational video, was undertaken at two sites.
[bookmark: _Toc167893095]Pilot of educational video
Pilots of RCT allow assessment of the feasibility of the study design.  They can inform upon recruitment, non-adherence, completeness of outcome data, cross over of interventions and off protocol intervention. Indications of recruitment rate allow estimation of the study length.  It allows an example of how the RCT would operate in the “real world”.  It helps to indicate potential design flaws or unexpected sequelae such as high patient drop out as well as under or overestimation of intervention effect.  Pilot studies may be internal or external.  An internal pilot forms the initial recruitment of an RCT.  After the initial phase, a decision is made on the continuation of the pilot to a full RCT. Often progression markers (indicators of intervention effect) are assessed at the end of the pilot phase to inform on whether the full RCT is warranted.  An external pilot is a standalone study, distinct to the RCT.  Participants recruited to an external pilot are not incorporated into the sample of a subsequent RCT.  They operate as an example to inform upon the RCT to help advise on subsequent protocol adjustments(193, 194).
Before the utilisation of the video in the trial, an external pilot of the educational video was undertaken.  The goal of this was to assess the videos acceptability and identify improvements that could be made before the commencement of the trial.
[bookmark: _Toc167893096]Method
An observational study of two groups of patients, one of whom had access to the educational video and one which did not, was undertaken at two centres. A convenience sample of patients referred for colonoscopy was included with a minimum sample size of 70 based on prior publication recommendations(195).  Data from a control group were collected from a period from June 2018 to August 2018.  The intervention group data were collected between October 2018 and December 2018. The control group of patients received standard instructions. The intervention group of patients were given access to the educational video via a YouTube© link. Patients completed questionnaires in hospital before their colonoscopy on their understanding of bowel preparation and the colonoscopy procedure using VAS (0 to 10, with 0 being poor and 10 being excellent), with the intervention group also asked to give feedback on the educational video.  The outcomes of their bowel preparation were recorded using a non-segmental scale. The non-segmental scale was comprised of four grades, inadequate, fair, good, and excellent. This was the standard scale in which all procedures were recorded at the sites at the time of the study. This scale was dichotomised into adequate (including fair, good, and excellent) and inadequate. 
[bookmark: _Toc167893097]Results of pilot
The pilot included 79 patients, 32 of whom received access to the educational video. Half of the patients were male.  The mean age was 64 and the range was 49-83. The acceptability and the ease of understanding of the video was rated by 22 patients as 10/10.  Only 1(2.7%) patient in the video group had inadequate preparation, compared with 6(12.8%) in the control group, however, this did not reach statistical significance (p = .139).  Patients with a VAS >7 on the understanding of the process of bowel preparation, had a higher rate of adequate preparation (88%) than those that rated their understanding as VAS <5 (63%), but this did not reach statistical significance (p = . 074).
[bookmark: _Toc167893098]Conclusion
This pilot gives an insight into the acceptability of the educational video and its potential benefit.  Most patients who received access to the video found it acceptable, however, this was not universal. Some patients struggled to access the video using the QR code and link that was provided. The speed of the video was also felt to be too fast with some having difficulty following the instructions.  This feedback was then further used to modify the video and optimise its acceptability. There was a tendency towards better preparation for patients who received access to the video, but this did not reach statistical significance.  This was also seen in the group of patients who felt that they were well informed. The sample size for this pilot was small and was undertaken to assess the feasibility of the study rather than effectiveness of the intervention.  However, the difference, although not statistically significant, indicates the possible potential benefit of the intervention and appropriateness of further assessment with a fully powered trial. The patients were also not randomised, raising the likelihood of bias affecting the results.  An RCT would also help to negate this bias.
Feedback from the pilot study and the PPG, as well as further review of the video by the study committee was undertaken, and informed upon further changes to the educational video before its use in the RCT.  Changes made can be seen in Table 26. 
	Type of change
	Changes recommended

	Overall recommendations
	· Slowing of narrator’s rate of speaking and pauses added between scenes to allow comprehension for the viewer.
· Email link to video to participants in study.

	Changes to specific scenes
	· Pause on the dietary slide and remove the narrator’s description of each individual food item.
· Add a stamp after explaining why the preparation must be completed “Do it once, do it right”.
· Add examples of clear fluids that can consumed.

	Additional scenes to add
	· A scene demonstrating how to make up the Moviprep solution.
· A scene indicating the consequence of not completing the bowel preparation with a missed abnormality because of poor preparation.


[bookmark: _Ref163678927][bookmark: _Toc167893211]Table 26 - Changes made to the educational video prior to use in EBOPS II

[bookmark: _Toc167893099]EBOPS - II
Following the initial pilot of the study, a full randomised control trial was undertaken to assess the effect of an educational video on bowel preparation for patients attending for their first colonoscopy. 
The EBOPS – II was a RCT undertaken to evaluate the research question – can an educational video improve bowel preparation for patient’s attending their first colonoscopy?  RCT is the strongest study type, limiting the effect of bias, confounders, and chance.  By recruiting from a specific population, delineated by specified eligibility criteria, RCT offers evidence applicable to the population from which they recruit.  Bias reduces the reliability of evidence and is limited by blinding.  Blinding conceals either the intervention allocation, or the investigators’ knowledge of allocation. Confounders influence both participant selection and outcome and can be limited by randomisation.  Random chance occurs within studies and can mimic causation.  An appropriate sample size negates this effect and helps to prevent a type 2 error: the inappropriate acceptance of a null hypothesis(196).

[bookmark: _Toc167893100]Methods
[bookmark: _Hlk83732647]Study design
This study is reported in line with the CONSORT guidance (see Appendix 6 – CONSORT checklist for EBOPS study).
This was a randomised, endoscopist-blinded, multi-centre trial.  The study design and planned endpoints were registered at http://www.isrctn.com (ISRCTN20368092).
I developed the protocol for the study, co-ordinated the pilot and applied for ethical approval.  The educational video was designed by Robert Heaney, a student from the graphics department at Nottingham Trent University.  I instructed on the content and relayed feedback from the patient focus group and research committee.  I liaised with the sites that undertook the study, helping to prepare for the commencement and then co-ordinated study through the trial period.   I was supported by research teams at each site made up of a principal investigator and research nurses from the National Institute for Health and Care Research who enrolled and collected data from the sites.  Data were collated and returned to me.  I analysed the data with the assistance of the study statistician.  
Enrolment and allocation
Participants referred for their first colonoscopy and receiving Moviprep© were eligible for recruitment.  Table 27 demonstrates the full eligibility criteria. This study aimed to assess the effect of an educational video on patients attending for their first colonoscopy.  As such, eligibility was kept as broad as possible to answer this question whilst optimising the generalisability of the results.  It was felt important to ensure that all participants could receive the intervention if allocated to the intervention group.  This would allow a more direct comparison of the effect of the intervention with respect to the control group.  Therefore, patients unable to access the video were excluded.  For a reliable measure of the bowel preparation quality, a complete examination of the colon was required.  Since strictures and those at a higher risk of strictures could both limit completion of colonoscopy, these patients were also excluded. 


	Inclusion criteria
	Exclusion criteria.

	Adult patients aged 18 years and above referred to secondary care and requiring a colonoscopy for investigation of their lower gastrointestinal tract
	Patients with known Crohn’s disease or colonic strictures.

	Able and willing to consent
	Patients known to be intolerant to endoscopy

	General fitness that is deemed sufficient to undertake colonoscopy
	Lack the visual acuity allowing them to clearly read text and watch as well as clearly interpret a TV screen or computer monitor

	Have access to either a DVD player or the internet
	No access to the internet or a DVD playing device

	Participant’s first colonoscopy
	Unable to understand English to a low intermediate level

	
	Listed for a colonoscopy with an endoscopist not involved in the study

	
	Unable to take the first line bowel preparation Moviprep©

	
	Possibility of pregnancy. If felt a possibility by the clinical team, a negative pregnancy test must be taken before enrolment in the study


[bookmark: _Ref85796612][bookmark: _Toc167893212]Table 27 - Eligibility criteria for enrolment in EBOPS study. DVD, digital versatile disk
Patients referred for colonoscopy from secondary care, were invited to participate in the study. Eligible patients were provided with study information. Subsequently, participants were consented, either in person or via a telephone call, with verbal consent confirmed. Logistically, it was difficult to organise participants to attend to complete written consent prior to randomisation.  It was felt inappropriate to provide participants with the study information and consent during the same meeting, since they would require time to consider whether they would like to participate. Verbal consent was discussed with the local ethics committee, who felt it was appropriate for this type of study. Those recruited were randomised using sealed envelopes to either the intervention group, which had access to the educational video, or the control group. The allocation ratio was 1:1. Recruitment and allocation to groups were undertaken by the local research team of nurses and doctors. Participants were instructed not to inform any of the endoscopy team of their allocation. The educational video was accessible to participants in the intervention group via either an internet link or a DVD. The video was modified for each participating site to correspond with their standard written instructions. The majority of the video remained the same, however, timing of bowel preparation was different between some of the sites and therefore the video for these sites was modified to ensure it was consistent with the written instructions. Site-specific bowel preparation instructions and video links can be found within the appendix (see Appendix 4 – Site specific instructions and Appendix 5 - Internet links to site specific educational videos). All participants were also provided with the local standard of care written instructions for colonoscopy preparation.
Bowel preparation purgative
All participants received Moviprep © sachets to make up with 2 litres of water (Each litre contains 100g PEG 3350,  7.5g sodium sulfate, 5.9g sodium ascorbate, 4.7g of ascorbic, 2.691g sodium chloride, 1.015g potassium chloride, aspartame, acesulfame potassium and lemon flavouring)(197). Participants were instructed to drink this before their examination and follow a low residue diet.  The timing of bowel preparation and the length of the low residue diet differed between sites.  Site instructions can be found in Appendix 4 – Site specific instructions. The content of the instructions at each site was the same for both the intervention and control groups.
Outcome measures
The primary endpoint was the adequacy of bowel preparation, defined as a BBPS of ≥ 2 in each segment. A score of ≥2 in each segment has been associated with both a lower polyp miss rate, and with the endoscopists perceived need for repeat testing due to poor preparation. Clarke and Kluge demonstrated that those scoring <2 in BBPS had a significantly higher rate of missed polyps, whereas no significant difference was seen in the miss rate of polyps between BBPS of 2 and 3 (See - The Boston Bowel Preparation Scale (BBPS))(67, 68). The study was single-blinded, with the endoscopists who graded the bowel preparation being blinded to participant allocation. Endoscopists were provided with an online training video on grading BBPS.  This video was created by the group that developed the BBPS score.  It is available at http://domweb.bumc.bu.edu/bowelprep/.  This online training video describes how to use the BBPS score and incorporates a quiz to confirm correct understanding.  BBPS was scored at the time of the examination by the endoscopist performing the colonoscopy. Secondary outcomes included: proportion of participants with excellent bowel preparation (BBPS ≥ 8) , mean BBPS, comparison of non-segmental grading of bowel preparation between groups, participant understanding of bowel preparation and colonoscopy procedure, satisfaction and comfort (measured using a VAS), PDR, the total and mean number of polyps detected, procedure length, CIR, performance in a bespoke bowel preparation quiz and patient anxiety and satisfaction using the Steinberger STAI-6 score (see Appendix 7 – Participant questionnaires). 
Blinding
The observers were blinded to the allocation of participants.  Due to the nature of the study, participants could not be blinded to their allocation, but were instructed during recruitment not to inform the endoscopists, who were performing the colonoscopy and completing the primary outcome measure of their allocation.
Statistical analysis
Participants were analysed on an intention-to-treat basis.  All participants who concluded the study with a completed BBPS were included in the analysis of the primary endpoint. Fisher’s exact Chi-squared tests were used for comparison of patient characteristics, bowel preparation adequacy and PDR. The Mann-Whitney U test or Student’s T-test (depending on the distribution of data) were used to compare the difference in means between the groups.  Multivariate regression by backward elimination was used to identify factors associated with the total BBPS score.  The factors analysed were: sex, age, diabetes mellitus diagnosis, amitriptyline therapy, anticholinergic therapy, opioids, weekly frequency of stools and use of LRD. The variable with the highest p-value was removed sequentially, until only variables which all reached statistical significance remained.  These were included in the complete model.  The threshold for statistical significance was set at a p-value < .05.  All endoscopy-derived outcomes were recorded at the time of the procedure.  Other secondary outcomes were collected from questionnaires completed by the participant before and after their colonoscopy.  Data were inputted into an Excel spreadsheet by each site. At the end of the study, the data were collated, and statistical calculations were undertaken using IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY.
Sample size
The sample size was calculated to obtain a satisfactory estimation with a significance level (α) of .05, a power of 80% and an expected 8 % difference between the number of participants with adequate bowel preparation in the intervention compared with the control group.  This difference in the proportion of bowel preparation adequacy has been demonstrated in previous studies of educational interventions (151, 152, 154).  As a result of the calculation, the sample size required per group was 260 participants. It was anticipated that the dropout rate would be 15%. Therefore, it was estimated a total of 600 participants would be required for this study. 
Ethical approval
Ethical approval for the study was granted by North West – Greater Manchester West Research Ethics Committee (reference - 18/NW/0768) see Appendix  9 –   Ethics approval. 
[bookmark: _Hlk61527229]
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CONSORT 2010 Flow Diagram[bookmark: _Toc167893101]Analysis
Lost to follow-up (n= 38)
· Withdrew consent = 7
· DNA Colonoscopy = 8
· No Research staff available = 1
· Scoped by non study endoscopist = 22
Discontinued intervention (n=0)
Lost to follow-up (n = 47)
· Withdrew consent = 14
· DNA colonoscopy = 9
· Scoped by none study endoscopist = 24
Discontinued intervention (n = 2)
· Couldn’t tolerate prep = 1
· Given alternative prep = 1
Allocated to control (n = 359)
·  Received allocated intervention (n=354)
Did not receive allocated control (n= 5)
· Colonoscopy cancelled = 5
Excluded (n= 686)
· Not meeting inclusion criteria (n= 338)
· Declined to participate (n= 318)
· Other reasons (n= 30)
Assessed for eligibility (n= 1404)
[bookmark: _Toc167893102]Follow-Up
[bookmark: _Toc167893103]Enrolment
[bookmark: _Toc167893104]Allocation







Randomized (n= 718)


Allocated to intervention (n= 359)
· Received allocated intervention (n= 346)
Did not receive allocated intervention (n= 13)
· Colonoscopy cancelled = 13









Analysed (n= 305)
· Excluded from analysis (n = 47)
· Previous colonoscopy = 1
· BBPS not completed = 46

Analysed (n= 308)
 Excluded from analysis (n = 57)
· Previous colonoscopy = 2
· BBPS not completed = 55





[bookmark: _Ref82449897][bookmark: _Toc167893233]Figure 15 - EBOPS Study flow chart. BBPS, Boston bowel preparation scale; DNA, did not attend; n, number.
[bookmark: _Toc167893105]Results
Participants were recruited between February 2019 and December 2019. 1404 individuals were screened for eligibility with 718 consented to participate, with 209 excluded. In total, 509 participants completed the study from six centres (see Figure 15 - EBOPS Study flow chart).  The trial commenced in February 2019, and the recruitment period was extended from July 2019 to December 2019 due to insufficient recruitment. Of those completing the study, 251 participants were randomised to the intervention group with access to the educational video, and 258 were allocated to the control arm.  The mean age was 57 years (range 18-88) and 266 (52.3%) were female. There was no significant difference between the two groups concerning recognised risk factors for poor bowel preparation (see Table 28). A comparison between participant demographics and endoscopy outcomes in those that completed and were withdrawn from the study can be found in Table 29.  A comparison between the groups that these withdrawn participants were allocated is demonstrated in Table 30. Similar demographic factors and outcomes were seen, although a higher rate of abdominal surgery was reported in the group that completed the study.  Endoscopists reported being unblinded in 5 cases (2%) in the intervention group and 3 cases (1%) in the control group.  These participants were included in the analysis.














	
	Control, % (n)
N = 258 
	Intervention, % (n)  N = 251
	p – value

	Female
	49% (127)
	55% (139)
	NS

	Mean age
	58
	57
	NS

	Smoking
	18% (47)
	16% (40)
	NS

	Alcohol (mean units / week)
	5.7 units
	6.4 units
	NS

	Pre endoscopy low fibre diet
	75% (194)
	82% (201)
	NS

	Mean length of low fibre diet
	2.58 days
	1.98 days
	NS

	Parkinson's disease
	2% (6)
	1% (2)
	NS

	Diabetes mellitus
	12% (32)
	12% (30)
	NS

	Cirrhosis
	2% (5 / 256)
	0% (1 / 251)
	NS

	Opioids
	12% (31)
	10% (24)
	NS

	Amitriptyline
	6% (15 / 251)
	8% (19 / 251)
	NS

	ASA >2
	11% (27)
	8% (21)
	NS

	Abdominal surgery
	36% (90)
	35% (87)
	NS

	Hysterectomy
	8% (19)
	7% (17)
	NS

	Constipation
	12% (30 / 246)
	11% (26 / 243)
	NS

	Morning procedure
	49% (126)
	58% (144)
	NS

	Split timing of preparation
	67% (174)
	63% (157)
	NS

	Exercise
Several times a day
Daily
5 times/week
Less than 5 times/week
Weekly
Rarely
	
8 (3%)
48 (19%)
32 (13%)
40 (16%)
25 (10%)
99 (39%)
	
3 (1%)
40 (16%)
26 (11%)
55 (22%)
28 (11%)
94 (38%)
	NS

	Education
University
College/A level
Secondary
Primary
	
92 (39%)
34 (14%)
108 (46%)
3 (1%)
	105 (45%)
24 (10%)
99 (43%)
3 (1%)
	
NS


[bookmark: _Ref85796664][bookmark: _Toc167893213]Table 28 - EBOPS study participant demographics. NS, not significant; ASA, American Society of Anaesthesiologists physical status classification system

	
	Completed study
	Did not complete study
	Significance level

	Sex (female)
	52%
	52%
	ns

	Age in years (mean)
	58
	60
	ns

	ASA >2
	9%
	5%
	ns

	Parkinson's disease
	2%
	1%
	ns

	Diabetes mellitus
	12%
	17%
	ns

	Cirrhosis
	1%
	2%
	ns

	Abdominal surgery
	36%
	20%
	<0.01*

	Amitriptyline
	6.7%
	10%
	ns

	Opioids
	11%
	15%
	ns

	Anticholinergics
	15.3%
	18%
	ns

	Constipation
	11%
	16%
	ns

	Split preparation dosing
	65%
	60%
	ns

	Adequacy rate as per non-segmental grading
	93%
	93%
	ns

	CIR
	95%
	94%
	ns

	PDR
	35%
	36%
	ns


[bookmark: _Ref162088956][bookmark: _Toc167893214]Table 29 – Comparison of prevalence of risk factors and outcomes in participants who did and  did not complete study.  ASA - American Society of Anaesthesiologists performance score; CIR – Caecal intubation rate; PDR – Polyp; ns - Not significant
	
	Intervention group not completing study
	Control group not completing study
	Significance level

	Sex (female)
	54%
	51%
	Ns

	Age in years (mean)
	57
	62
	Ns

	ASA >2
	6%
	5%
	Ns

	Parkinson's disease
	1%
	1%
	Ns

	Diabetes mellitus
	18%
	16%
	Ns

	Cirrhosis
	2%
	2%
	Ns

	Abdominal surgery
	23%
	19%
	Ns

	Amitriptyline
	11%
	10%
	Ns

	Opioids
	11%
	18%
	Ns

	Anticholinergics
	15%
	20%
	Ns

	Constipation
	17%
	17%
	Ns

	Split preparation dosing
	59%
	62%
	Ns

	Adequacy rate as per non-segmental grading
	93%
	95%
	Ns

	CIR
	92%
	96%
	Ns

	PDR
	32%
	38%
	Ns


[bookmark: _Ref162089009][bookmark: _Toc167893215]Table 30  – Comparison of prevalence of risk factors between the intervention and control group who did not complete the study.  ASA - American Society of Anaesthesiologists performance score; CIR – Caecal intubation rate; PDR – Polyp; ns - Not significant
Bowel preparation adequacy
The primary endpoint was met with an adequacy rate of 216/251 (86.1%) in the intervention group, compared with 205/259 (79.1%) in the control group (OR 1.626, 95% CI 1.017 to 2.614, p = .0471). The mean BBPS score was not significantly different between the two groups (control = 6.78 (95% CI +/-.221, intervention 6.72 (95 % CI +/- 0.224), p-value = .83).  The frequency of excellent bowel preparation between the two groups was similar (control = 38%, intervention = 35%, p-value = .49). 
The proportion of procedures with adequate bowel preparation was higher in the intervention group in all age brackets.  The age bracket with the highest absolute risk reduction of inadequate bowel preparation was the 70+ bracket, with 13.5% compared with the <45 age bracket which had the lowest at 2.9% (see Figure 16).  

[bookmark: _Ref85797314][bookmark: _Toc167893234]Figure 16 - Comparison of percentages of inadequate bowel preparation between ages groups in the EBOPS study
[bookmark: _Hlk95214336]The non-segmental grading of bowel preparation was rated as inadequate in 22/258 (8.5%) participants within the control group, compared with 14/251 (5.6%) participants in the intervention group, which did not reach statistical significance (p = .26).  The number of repeat examinations required due to inadequate preparation was comparable between the groups.  The non-segmental grading and requirement for repeat colonoscopy due to poor preparation is demonstrated in Table 31.  A lower rate of inadequate bowel preparation was seen in the intervention group across all sites that participated in the study (see Figure 17).
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[bookmark: _Ref85797345][bookmark: _Toc167893235]Figure 17 - Number of participants with adequate, inadequate and percentage adequacy of preparation at different participating centres and in total
Endoscopy related outcomes
The polyp detection rate was significantly greater in the intervention group compared with the control group (39% vs 30%, OR 1.506, 95% CI 1.043 to 2.191, p < .032). 
In total, 220 polyps were detected in the intervention group, compared with 134 in the control group, with a mean of 0.87 vs 0.52 polyps/participant (p < .05).
Within participants with adequate preparation (BBPS ≥2 in all segments), the PDR was 37.6% (159/423) compared with 20.7% (18/87) (p < .01) in participants with inadequate preparation (BBPS <2 in at least one segment).  Conversely, when a non-segmental scale was used, no significant difference was seen in polyp detection between adequate (excellent, good or fair) and inadequate grading.
P < 0.01 *

[bookmark: _Ref85788887][bookmark: _Toc167893236]Figure 18 - PDR for participants with adequate or inadequate preparation as defined by a BBPS of >2 in each colonic segment. PDR, polyp detection rate; BBPS, Boston bowel preparation scale.

[bookmark: _Toc167893237]Figure 19 - PDR for different non-segmental grades of bowel preparation quality. PDR, polyp detection rate

The CIR between the two groups was comparable (intervention group = 96% vs control group = 95%).  The insertion times ranged from 3 minutes to 64 minutes with a mean of 13.9 minutes, with no significant difference between the groups (p = .79). The withdrawal time ranged from 1-33 minutes with a mean of 10.8 minutes.  No significant difference was seen between the two groups (p = .41).  

	Non-segmental grading of bowel preparation
	Control Group, n = 258 (%)
	Intervention group, n = 251 (%)
	p-value

	Excellent
	59 (22.9)
	46 (18.3)
	NS

	Good
	120 (46.5)
	136 (54.2)
	NS

	Fair
	52 (20.2)
	52 (20.7)
	NS

	Inadequate
	22 (8.5)
	14 (5.6)
	NS

	Not reported
	5 (1.9)
	3 (1.2)
	NS

	Repeat colonoscopy for poor bowel preparation
	10 (3.9)
	9 (3.5)
	NS


[bookmark: _Ref85796748][bookmark: _Toc167893216]Table 31 – Non-segmental grading of bowel preparation in the EBOPS study and rate of repeat colonoscopy for poor preparation. NS, not significant
Patient understanding, satisfaction, and adherence 
The video was watched at least once by 90% of the intervention group. Of whom, 89% rated its acceptability ≥ 7/10 (0 = unacceptable, 10 = very acceptable) with a mean score of 8.8 (SD = +/- 3.69). The bowel preparation quiz was scored out of a total of 8 questions. Participants in the intervention group had a significantly higher mean score (6 vs 5.6, p = .003). In the intervention group, 10% of participants reported not completing the two litres of Moviprep ©, compared with 15% in the control group (p = .16). 
Participant pre-procedural anxiety scores tended towards being lower in the control group, but this did not reach statistical significance (42.93 vs 45.32, p = .0507, 95% CI -4.771 to 0.0073).
The comfort and satisfaction scores were not significantly different between the groups (control = 5.08 vs intervention 5.38, p = .30 and control = 9.47 vs intervention = 9.37 p = .95, respectively). 
Patient self-rated understanding of the bowel preparation procedure did not affect the adequacy of bowel cleansing.  17.2% of participants who rated their understanding of the bowel preparation of procedure as 10/10 on VAS had inadequate preparation, compared with 16.6% who rated it <10.
Regression analysis
Backward elimination linear regression was performed to identify factors associated with the overall BBPS score.  Male sex, use of anticholinergic drugs, not completing a low fibre diet and a lower number of weekly bowel motions were all significantly associated with a lower BBPS score (See Table 32).

	Variant
	Beta
	Standard error
	Significance level
	95% Confidence interval

	Pre endoscopy low fibre diet
	.098
	.202
	.029
	.47 to .841

	Anticholinergic medication
	-.144
	.226
	.001
	-1.168 to -.279

	Male sex
	-.126
	.163
	.005
	-.774 to -.136

	Weekly bowel frequency
	.09
	0.008
	.044
	.000 to .031


[bookmark: _Ref85796783][bookmark: _Toc167893217]Table 32 - Linear regression analyses of factors associated with total BBPS from the EBOPS
[bookmark: _Toc167893106]Discussion
This study demonstrates that those attending for their first colonoscopy, with access to an educational video, have a higher rate of adequate bowel preparation, compared with standard instructions alone. This benefit was seen most clearly in the oldest age range of >70 years. Although enhanced educational interventions are recommended by ESGE, this is the first European study to investigate the effect of an educational video on bowel preparation(35). A significantly greater PDR was also observed in the intervention group, demonstrating an overall improvement in the quality of colonoscopic examination provided by the improved preparation.
Motivation and understanding are both required to complete bowel preparation(109, 162). This educational video was specifically designed to encourage adherence, as well as convey an understanding of both how to complete the bowel preparation regime and what a colonoscopy procedure involved. The content of the educational video was equivalent to the standard written instructions, thus the benefit demonstrated is likely related to the media form in which it is conveyed. Although both groups recorded an equivalent self-reported understanding in their VAS, the intervention group achieved a higher mean score in the bespoke bowel preparation quiz, indicating that their actual understanding was likely greater.  In a study by Liu and colleagues, half of the patients with poor bowel preparation did not comply with the bowel preparation instructions(118).  The self-reporting of adherence to the bowel preparation regime was equivalent between the two groups, however, this was not objectively measured. The STAI-6 rating of anxiety tended towards being higher in the intervention group, although this did not reach statistical significance. Other studies evaluating the effect of an education video on bowel preparation quality did not incorporate an assessment of anxiety.  Three studies specifically assessed the effect of an educational video on anxiety, without assessing the effect on bowel preparation.  Luck and colleagues demonstrated that viewing a video prior to colonoscopy was associated with a lower level of anxiety as demonstrated by the difference in STAI-6 score, whereas this was not found by Bytzer and colleagues who found no significant difference, and actually found the video group required significantly higher dose of fentanyl during the procedure(198, 199). Parker and colleagues investigated an online interactive web-based programme.  In their study, participants in the intervention group described lower rates of anxiety as demonstrated by the STAI-6 score(200). The effect of educational videos is likely dependent on the quality and content.  Educational videos designed to explain colonoscopy and reassure patients to alleviate anxiety may have a different approach to videos that aim to improve bowel preparation.  Within the EBOPS study, the video was designed to be motivational and encourage completion of the regime. It was considered the best approach to maximise adherence and result in the best cleansing outcomes, but in itself may have led to increased performance related anxiety. The STAI-6 has been validated in scoring anxiety related to healthcare decisions(201).  Anxiety-performance curves demonstrate a degree of anxiety relating to healthcare decisions can be beneficial, stimulating motivation to complete a defined action, in this case completing the bowel preparation regime(202).  However, this must be weighed against the cost to the patient.  From a patient perspective, increased anxiety may increase the overall negative interpretation of the colonoscopy experience.  There is a potential for more significant sequalae of this.  As seen in the study conducted by Bytzer and colleagues, a greater requirement for increased analgesia was required by those viewing the educational video(199).  A negative perspective of the procedure or increased anxiety may heighten the expectation of a negative experience.  The balance between the patient experience and clinician desired outcomes needs to be kept in mind, and further exploration with patient groups is warranted.
It appears that enhanced education plays an even greater role in the higher age group.    It could be assumed that a multimedia intervention of this sort would be more accessible to younger users, being more “tech-savvy”, and thus receiving the greatest benefit(156). However, data from this study appears to indicate the contrary.  Participants in the >70 group derived, comparatively, the greatest benefit, with an almost 3-fold reduction in inadequate bowel preparation when compared with the control arm matched for age.  Although the difference in adequacy within each group did not reach statistical significance, the study was not powered to demonstrate this. In this study participants were required to have the means to access the video in order to be eligible. As such, it may be accessibility to the educational interventions, rather than the intervention itself, that limits the benefit that is derived by older participants. Only 54% of individuals aged >75 years have access to the internet compared with 99% of 16- to 44-year olds in the UK(203). The cohort in this study required access to the internet or a DVD player for inclusion in the study, and therefore, may not be representative of the population as a whole. Age is known to be a risk factor for poor preparation(90, 91, 98). This, in part, is due to higher rates of comorbidities, polypharmacy, and constipation.  However, adequate provision of information and education about how to undertake bowel preparation is a modifiable factor that should be optimized in this group. Since only patients with access to the video were included in this study, the generalisability of the study to the population as a whole is somewhat limited.  Increasing age is a significant risk factor for CRC (6).  Colonoscopy and removal of polyps is most pertinent with increasing age.  As such, the generalisability of interventions for older patients is relevant. Although the benefit of the video is demonstrated, its generalisability is limited since only half of over >75 year olds would be able to view it. The study could have been designed to be more inclusive, not restricting those that did not have access.  However, this would have diluted the intervention effect, which would have required a larger sample to investigate. Although possible, this would have been challenging since the study was already large, and this would have placed more demands on recruitment. However, access to internet within the UK appears to be exponentially increasing.  In 2006 only 9% of over 65-year-olds had access to the internet.  This increased to 42% in 2014, and by 2019 stood at 80%.  This steady increase in accessibility for older people to the internet also improves the access to the educational interventions available.
Clark and colleagues demonstrated that it is the delineation of poor compared with adequate preparation that leads to more missed polyps, with little extra benefit from the bowel having excellent preparation(68). Although the mean BBPS and rate of excellent preparation was comparable between the groups in this study, the intervention group had a higher proportion of procedures adequately prepared. The higher number of polyps in the intervention group is further evidence of this clinical importance. 
The effect of educational videos on bowel preparation has been assessed in previous studies (see Educational videos).  Prakash and colleagues conducted an RCT recruiting 147 patients from two sites in the USA and randomised them to either an educational video or standard care alone. This study used OBPS in preference to BBPS, with a lower score signifying a superior view.  The intervention group had a significantly lower OBPS score (4 vs 5 p = 0.0002) as well as a lower rate of inadequately prepared colonic segments (2 (1%) vs 28(14%))(149).  A confounding factor in this study was that there was a significantly higher number of well-educated participants in the intervention group (65% vs 39% with college or higher education), since education predisposes to better adherence to instructions regardless of how they are provided (149).  Two further studies were conducted by Park and Pillai in divergent populations. Park and colleagues recruited 500 South Korean participants from one centre. They attended for screening colonoscopy and the majority had a highly educated background, with only 6% having lower than high school education(151). Whereas, Pillai and colleagues recruited 152 American participants, with 76% having an African American ethnicity and 90% having less than high school education(152).  Both studies demonstrated a significant improvement in bowel preparation with lower mean OBPS scores in the intervention groups. Higher proportions of excellent preparation and lower proportions of inadequate bowel preparation were also seen in both intervention groups (151) (152). In the EBOPS study, the ethnicity was mostly white British.  A total of 38.7% had received at least university education, and the level of education was equivalent between the cohorts.   I elected to use the BBPS in this study over the OBPS, as it has been more extensively validated(51, 63-65, 68).  This study demonstrated, both, an improvement in bowel preparation, and resultant polyp detection, as of result of access to an educational video. Polyp detection and removal reduces the subsequent risk of CRC, and is a key indicator of quality of colonoscopy(49) (75, 85). The effect size of the intervention in these studies assessing video education varied. However, the Pillai and Park studies used the mean OBPS as the primary outcome. Both demonstrated a significant difference in the mean score.  Within the OBPS a score of <2  defines adequate preparation.  This was significantly greater in the video arms in both studies.  The effect size was 13% in the Park study and 14% in the Pillai study. In the Park study, all participants received split bowel preparation, whereas in the Pillai study high volume bowel preparation was used.  Both of these interventions may have been more challenging, and therefore greater benefit may have been afforded by educational intervention.  Whereas, in a study conducted by Jeon and colleagues that also used the OBPS scale a difference of 8.1% was seen between in the video group and the control group.  A low volume of preparation was used in this study. This less intensive regime may have been simpler for participants to complete.  Within the EBOPS study a difference of 7% was demonstrated between the intervention and control group.  This difference is lower than that seen in other studies.  This may relate to the different scales utilised, the difference in the bowel preparation regimes or the different population studied.  Within this study all participants received two litres of bowel preparation, and most did not receive split bowel preparation for morning appointments. 
This study did not recruit patients referred from the BCSP, as they have one-to-one education on colonoscopy and the importance of bowel preparation from a specialist nurse. Although educational videos are more effective than standard written instructions, comparison with more intensive and/or interactive educational interventions, such as one-to-one or group education, has not been undertaken. These interventions are more time-consuming, and therefore costly. A direct head-to-head comparison with an educational video would be worthy of further research. 
All participants were provided with Moviprep©, but across the sites different regimes were utilised for timing and duration of low residue diet.  Split bowel preparation leads to superior cleansing than day-before preparation, as a shorter lead time from last bowel preparation to colonoscopy is a key determinant of preparation quality(35, 87, 177).  Only two sites split bowel preparation for the morning as well as afternoon and evening appointments.  Despite this, a higher rate of adequacy was seen in the intervention group at all sites. This indicates that enhanced education with a video leads to a step-change improvement in preparation, irrespective of the specifics of the bowel preparation regime. In the setting of more complex augmented regimes, such as those used for patients who have previously had failed preparation, enhanced instructions may be more effective, and this is an area deserving of further research.  
Bowel preparation quality is dependent on multiple factors; sex, age, bowel frequency, comorbidities, medications, and variations in the regime utilised(91, 98).  These include the type and timing of preparation, as well as the nature and duration of diet that is advised(88, 127). The EBOPS study was consistent with previous findings, with male sex, use of anticholinergic drugs, reduced frequency of defecation and an unrestricted diet being associated with a decreased quality of bowel preparation. A predictive score of poor bowel preparation devised by Dik and colleagues included the risk factors constipation and amitriptyline(95, 101).  The latter is a specifically potent anticholinergic medication.  The data from this study demonstrate that medications with anticholinergic properties tend to lead to worsening of bowel preparation. Not all risk factors are modifiable, but patient understanding, and motivation are. Effective educational interventions are a simple, risk-free, globally available way that bowel preparation can be improved.  
Due to the nature of the study, the participants could not be blinded to their allocation. With the benefit of hindsight, an alternative study design incorporating cluster randomisation of sites could have helped to mitigate this issue. In a cluster RCT (cRCT) different sites taking part in a study are randomised to a specific arm of the study.  Therefore, all participants from that site would be recruited to one treatment arm. cRCT can improve the efficiency of a study, as the study pathway can be streamlined for that arm of treatment(204).  Furthermore, it also can help to reduce contamination of treatment effect, where changes in practice in the treatment arm seep into those in the control arm.  Both benefits could have assisted in the recruitment to this large RCT. Drawbacks of cRCT are that once a site has been randomised, participants to the study would not have the opportunity to be randomised and their allocation is more geographical than truly randomised. Recruiting all participants prior to site randomisation is logistically challenging. In an earlier similar study, the control group received an educational video on gastro-oesophageal reflux disease as a placebo(152).  Although intended to improve blinding, this may have introduced a nocebo effect as the amount of information that can be recalled is affected by the quantity of information imparted (161).  Comparison of the two groups demonstrates a similar distribution of risk factors between the groups. Stratified randomisation could have offered a more systematic method to ensure similar groups. Participants completed questionnaires to record demographics, adherence to preparation and anxiety related to the procedure via the STAI-6.  Participants completed these independently.  Understanding, prompting, and checking of the questions was therefore not undertaken.  Research team assistance at this stage may have led to more reliable information. Timing of education prior to colonoscopy has been demonstrated to have a pertinent to the effect on cleansing quality (118).  In this study, although participants recorded if they watched the educational intervention, the time when it was last viewed to when the preparation was commenced, however, was not recorded.  This is an area of the study that could be improved if a similar trial were to be conducted. Although the target sample size was recruited, the dropout from the study was higher than expected, so that the target number for analysis was not reached. All eligible patients identified were approached for involvement in this study.  Unfortunately, the study organisers had no control over which endoscopist undertook the procedure. Therefore, participants allocated to non-study endoscopists would be lost to follow up.  This led to a high proportion of participants that did not complete the study limiting the study’s strength. Although a comparison of those that did and did not complete the study demonstrated broadly similar characteristics.  A higher rate of abdominal surgery was seen in the participants who completed the study, indicating a possible systematic difference between the groups. This difference may relate to how the data were collected.  Those that completed the study prospectively recorded their surgical history, whereas those that did not had the data retrospectively collected from their clinical case notes.  With hindsight there are possible solutions to this attrition of participants. Identification of potential participants could have been undertaken after listing with their endoscopist. Alternatively, participants allocated to a non-study endoscopist could have had another observer attending the procedure, trained in scoring BBPS, to collect the outcome for the study.  The number of participants that did not complete the study was not indicated by the pilot of the study. The pilot was only conducted over two sites, in which the coordinator also worked. When the study was opened to multiple sites, the coordinator had less control and less familiarity of these sites.  Closer vigilance may have indicated the issue earlier and adjustments at the sites could have been put in place to reduce the drop out from the study. I feel I have learnt from this area regarding some of the issues with delegated responsibility and the importance of oversight.  Conducting external pilot studies at each site may have aided in identifying issues raised prior to the commencement of the study.  Alternatively, an internal pilot at the sites could have been conducted.  This would have allowed recruitment of participants from the pilot to the study, but also would have given insight into issues that could have arisen and withdrawal of the study from sites if performance was inadequate.  In the pilot study a non-segmental grading scale was utilised. At the time of this pilot, the BBPS was not in standard usage and not all endoscopists had received training in its use. Using the BBPS during the pilot may have also indicated some of the difficulties in participant completion of the study. Despite this, the number analysed remains the largest study of this type.  To ensure the pragmatism of the study and that participants were not required to unduly wait for their test, the pool of observers was high with a variety of experience.  However, the experience did not differ between the two groups.
This is the largest study to date to investigate the effect of an educational video on bowel preparation adequacy, and the only such study to be conducted over more than 2 sites. There was variation in bowel preparation regimes between the six sites, however, the educational video led to an improvement at each site, demonstrating the generalisability of the intervention, and the applicability to clinical practice.  It is also the only study assessing the utility of an educational video for patients attending their first colonoscopy.  Being naïve to colonoscopy increases the need for sufficient information provision and appropriate education(154).  The baseline characteristics of the two arms of the study had equal proportions of risk factors for inadequate bowel preparation(114). The endoscopists remained blinded to the allocation in almost all participants. Both factors improve the reliability of the results(110).  There was also internal consistency between the increased rate of adequate preparation and the increased PDR and number of polyps detected, which are other surrogates of quality of colonoscopy(49).
Bowel preparation quality is a prerequisite for an effective colonoscopy(49).  Patient understanding and motivation to undertake, what is an unpleasant procedure, are vital. Improving bowel preparation should be a priority of practice. The NNT to prevent one inadequate bowel preparation in this study was 14. Extrapolating these data, with 600 000 colonoscopies performed in the UK annually, at an outlay of approximately £500 per procedure, routine use of an educational video could lead to 48 000 fewer inadequately prepared tests, which cost the NHS £24 million/year.  The use of an educational video should therefore form part of the standard of care for colonoscopy.
Conclusion
An educational video is a relatively simple intervention that can be easily disseminated and viewed.  It has been demonstrated to be beneficial in all age groups across varying bowel preparation instructions, with the greatest improvement seen in patients > 70 years of age.  It leads to an improvement in bowel preparation as well as overall procedural quality, demonstrated by a superior PDR. Widespread adoption of this educational tool is a simple way to achieve significant improvement and should be part of the standard of care for bowel preparation.
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[bookmark: _Toc167893107]Chapter 5: A comprehensive validation of the accuracy of two predictive models for inadequate bowel preparation
[bookmark: _Toc167893108]Abstract
[bookmark: _Toc167893109]Background
Colonoscopy is the gold standard investigation of the bowel. Adequate cleansing is a prerequisite of a good quality examination.  However, inadequate bowel preparation occurs in 20% of procedures, limiting the accuracy of the test.  Predictive models devised by Dik and colleagues and Gimeno-Garcia and colleagues, stratified the risk of poor bowel preparation using a cumulative score.  This study aims to assess the validity of these models using an independent cohort. 
[bookmark: _Toc167893110]Methods
Data generated from the EBOPS study were utilised.  Adequacy was defined using the Boston Bowel Preparation Scale (BBPS), with a score of ≥ 2 in each segment.  Each participant had a score derived from each predictive score, with high risk defined as a score ≥ 2 in the Dik score and ≥ 1.225 in the Gimeno Garcia score. Descriptive analyses, AUROC and an assessment of calibration were conducted between the models and the EBOPS independent cohort.
[bookmark: _Toc167893111]Results
There were 507 participants included in the study, of which  89 (17.5%) had inadequate preparation. A Dik and colleagues score ≥ 2 was seen in 31% of the cohort with a sensitivity of 46%, specificity of 71%, PPV of 29.7% and NPV 84% for poor preparation. A Gimeno-Garcia score of ≥1.225 was seen in 48% of the cohort with a sensitivity for inadequate bowel preparation of 60%, specificity of 55%, PPV of 26% and NPV of 84%. AUROC was 0.6 for the Dik and colleagues model and 0.57 for the Gimeno-Garcia model.
[bookmark: _Toc167893112]Conclusions
Differences were seen between the outcomes of predictive models observed with this independent cohort, compared with the initial internal validation.  The models do identify a cohort of patients at high risk of poor bowel preparation with a modest degree of discrimination, however the discriminative value was lower than that seen in the developmental cohort.


[bookmark: _Toc167893113]Introduction
Colonoscopy is the gold standard investigation of the bowel(1). Polyps detected and removed during the endoscopy reduces the risk of colorectal cancer(2). Optimising the colonoscopic examination is therefore vital.  Bowel preparation is pivotal to the quality of colonoscopy(49).  However, poor cleansing is common; observed in upto 25% of procedures(99).  Inadequate preparation is associated with a lower ADR and missed lesions (75, 85). This often necessitates a repeat procedure, and an augmented bowel preparation regime is often utilised to improve the subsequent bowel cleansing. Increasing the volume of purgative consumed improves the bowel clearance, as does the use of adjuvant laxatives such as sennasoides or bisacodyl(111, 184, 205, 206). 
The effectiveness of bowel preparation is multifactorial, and several patient characteristics have been shown to predispose to poor bowel preparation.  These include male sex, increasing age, smoking status, incomplete purgative consumption, constipation, comorbidities, medications, inpatient status, and previous abdominal surgery (see Factors that affect the quality of colonoscopy).  
The timing of bowel preparation plays a significant role in the resultant cleansing quality. When at least some of the preparation is given on the same day as the test, significantly better preparation outcomes are observed(35, 87, 88).  Pre-emptive augmented bowel preparation regimes for patients at high risk of poor preparation could be utilised, to reduce the frequency of inadequate cleansing.  However, a reliable way of predicting poor preparation would be required.   Two clinical predictive models have been derived from patient factors to estimate the risk of poor bowel preparation, facilitating the quantification of risk for each patient(95, 96).  These models have not been externally validated and are currently not recommended for standard clinical use by international guidelines. Predictive scores assess the probability of a potential diagnosis or outcome for an individual with certain characteristics based upon the risks of the same characteristics in a study population(207). This allows the potential for this risk to be mitigated by alterations to treatment.  Multivariate logistic regression is performed on the study population and identifies independent risk factors that are statistically significantly associated with outcome of value(208).  Coefficients can be utilised to weight the factors which have a greater impact on the likelihood.  External validation of predictive scores is vital to demonstrate the generalisability and applicability of the models to other populations(209). 
It is the aim of this study to assess the validity of two models predicting the likelihood of poor bowel preparation for colonoscopy, using data collected during the EBOPS study.

[bookmark: _Toc167893114]Methods
The “Standard for Reporting Diagnostic accuracy studies (STARD) 2015” checklist was used to ensure completeness and transparency of this study’s evaluation (see Appendix 10 – STARD checklist for “A comprehensive validation of the accuracy of two predictive models for inadequate bowel preparation”).
Study participants had completed the EBOPS trial (see Chapter 4: Can an Educational video improve the adequacy of BOwel Preparation for patients undergoing their first colonoscopy? The EBOPs study, for a full description of the trial).  The EBOPS trial was a prospective assessment of whether an educational video improves bowel preparation for participants attending their first colonoscopy. Adult patients naïve to colonoscopy were eligible and all participants were provided with two litres of Moviprep © that they were instructed to consume prior to the colonoscopy. Participants were recruited from six centres and were invited to enrol in the EBOPS study at the time of referral for colonoscopy. Timing of bowel preparation varied across sites.  All sites advised split bowel preparation (where one litre of preparation is given on the day of the procedure and one litre is given the day before) for afternoon procedures. Split bowel preparation for morning procedures was also advised at 2/6 sites, with the remaining 4/6 sites advising day before preparation. Potential participants were excluded from the study if they were pregnant, known to have Crohn’s disease or colonic strictures, lacked the visual acuity to view a video on a screen, could not speak English to at least a low intermediate level, were known to be intolerant of endoscopy or did not have access to the internet or a DVD player.  Participants who had not completed their study questionnaire were excluded from this validation study. The sample size was determined by the number of eligible participants from the EBOPS study.
[bookmark: _Toc167893115]Variables and outcomes
The outcome variable was the adequacy of bowel preparation as defined by the BBPS.  The BBPS grades each segment of the bowel 0-3, with a total score of 0-9 (see The Boston Bowel Preparation Scale (BBPS)).  A grade of less than 2 in one or more segments of the bowel defines inadequate bowel preparation.  This is congruent with the definitions of inadequate bowel preparation used in the EBOPS study, as well as both predictive models investigated in this study. The BBPS score has been extensively validated, demonstrating both good interobserver reliability and an association between adequate preparation and other surrogate markers of colonoscopy quality, including ADR(55, 64, 67, 68).  
For the Dik and colleagues model the following definitions were used to designate scores (with the points for each factor in brackets); ASA ≥ 3 (2 points), tricyclic antidepressant usage (3 points), opioid usage (1 point), diagnosis of diabetes mellitus (1 point), chronic constipation, defined as ≤ 3 motions/week with one of the following features : straining on defecation, Bristol stool chart (BST) score 1-2, feeling of incomplete defecation (2 points), a history of intraabdominal surgery/pelvic surgery (1 point), current hospitalisation (1 point) and a history of inadequate bowel preparation (2 points)(95). 
The predictive model derived by Gimeno-Garcia and colleagues designated points for: antidepressant use (1.705 points), comorbidities (stroke, cirrhosis, diabetes on antidiabetic medication or insulin or CKD with an estimated glomerular filtration rate (eGFR) <60 mL/min)(4 points), constipation (≤ 3 motions/week and 1 of: straining, BST 1 or 2, incomplete evacuation) (1.225 points) and abdominal/pelvic surgery (0.606 points)(96).  
Questionnaires were completed by participants before their endoscopy. This included information on medications, defecation pattern, coexistent medical diagnoses, and surgical history.  The ASA score was completed by the performing endoscopist at the time of colonoscopy.  If this was unavailable a member of the research team at the local site calculated the ASA score for each patient using data available from their clinical record.   The presence of all other risk factors was derived from the participant questionnaire. All participants had a score for both models calculated by aggregating the points for each risk factor present. 
[bookmark: _Toc167893116]Missing data
The number of missing data points for the two models were reported for each patient.  Where the frequency of bowel motions was not recorded, constipation was defined by the presence of at least two of the other suggestive features (straining, BSC grade of 1 or 2 and tenesmus).   For other missing data points, the median score for each entry was used.
[bookmark: _Toc167893117]Descriptive analyses
Exploration of the descriptive analyses allows direct comparison of the performance of both models between this independent dataset and the initial internal validation study.  Sensitivity, specificity, PPV, NPV and accuracy of prediction of inadequate bowel preparation, was calculated across all scores derived from the predictive models.  Direct comparison of the descriptive analyses was drawn between the scores of clinical interests, described in the initial developmental study publications, and this external validation data.  For the Dik and colleagues model, a cut-off score of 2 was used(95), whereas for the Gimeno-Garcia model the cut off was 1.225(96).  A comparison was undertaken with the cohort as a whole, as well as divided into groups that had received split timing of, and day before, bowel preparation.
[bookmark: _Toc167893118]Discrimination
The discriminative ability of a model is how well it can correctly delineate whether the measured outcome will occur.
Area under the receiver operator curve (AUROC) analyses were performed for each predictive model comparing sensitivity and specificity at different levels.  The closer the AUROC to 1 the greater the discriminant value of the score.  A score of 0.5 indicates a value equal to chance(207).  A comparison between the discriminative value demonstrated in this external validation cohort and the original internal validation cohort was calculated.  A positive difference indicated the discriminant value to be higher in this external cohort, and a negative difference indicated a lower discriminant value. 
[bookmark: _Toc167893119]Calibration
Calibration compares the difference between the predicted risks in the model and the observed risks demonstrated within the cohort.  The predicted risk was defined by Dik and colleagues for sequential scores of 0 to 5+ (all scores of 5+ being grouped together). R2 was calculated by comparing the observed risk in the external validation cohort with the predicted scores. The closer the score to 1, the more accurate the calibration(207). 
[bookmark: _Toc167893120]Statistical assessment
Statistical analysis was carried out using GraphPad software version 9, USA.  Fisher’s chi-squared testing was used to compare participant demographic variables with a significance level set at a p-value = .05.


[bookmark: _Toc167893121]Results
Between February and December 2019, 507 participants completed the EBOPS trial and returned their study questionnaires.  Of these, 89 (17.5%) had inadequate bowel preparation.  Participant characteristics observed between those with adequate and inadequate preparation are demonstrated in Table 33.


	
	Adequate bowel preparation, % 
	Inadequate bowel preparation, %
	p-value

	Female sex
	54.8
	40.4
	.0141*

	Low residue diet prior to colonoscopy
	77.5
	72.4
	.1303


	Comorbidities
	
	
	

	Parkinson's disease
	0.7
	4.6
	.0204*

	Diabetes mellitus
	4.3
	19.5
	<. 00001*

	Cirrhosis
	0.5
	3.4
	.04*

	Hypertension
	9.2
	9.2
	.92

	Constipation
	10.7
	19.5
	.0287*

	Abdominal surgery
	35.1
	45.0
	.0925

	Medications
	

	Calcium channel blocker 
	7.1
	14.9
	.0338*

	Other anti-hypertensives
	18.2
	24.1
	.26

	Antidepressants
	12.1
	16.1
	.3831

	Amitriptyline
	5.2
	12.6
	.0294*

	Opioids
	9.0
	16.1
	.081

	Anticholinergics
	10.2
	24.1
	.0013*

	Highest education level
	

	Primary school
	1.2
	1.1
	.99

	Secondary school
	40.5
	41.4
	.99

	A level
	10.9
	13.8
	.4689

	College
	38.4
	40.2
	.99

	University
	4.5
	3.4
	.7799

	Did not complete bowel preparation
	12.4
	14.9
	.4817

	Timing of bowel preparation
	
	
	

	Split bowel preparation
	69.3
	50.6
	0.0011*

	Dik score
	

	0
	43.8
	32.2
	

	1
	28.0
	21.8
	

	2
	11.6
	19.5
	

	3
	8.1
	9.2
	

	4
	5.0
	9.2
	

	5
	1.9
	2.3
	

	6
	0.9
	2.3
	

	7
	0.7
	2.3
	

	8
	0.0
	1.1
	


[bookmark: _Ref85796814][bookmark: _Toc167893218]Table 33 - Represents the proportion of participants with either adequate or inadequate preparation with varying characteristics


The predictive scores were calculated for all participants.  The median Dik  score was 1 with an IQR of 2.  The median Gimeno-Garcia score was 0.606 with an IQR of 2.311. A Dik score ≥ 2 was seen in 31.4% of this external validation cohort. A corresponding sensitivity of 46.0%, specificity of 71.8%, PPV of 25.2% and NPV of 86.5% was observed for this score within this cohort(95).   Within the developmental cohort, a score ≥ 2 was observed in 26% of the cohort with a sensitivity of 66%, specificity of 79%, a PPV of 29% and an NPV of 95%.  The Gimeno-Garcia predictive model used 1.225 as the clinically significant cut-off. Within their developmental cohort, a sensitivity of 50%, a specificity of 80%, a PPV of 36% and an NPV of 88% was recorded(96).  Derived from the EBOPS cohort, 48% had a Gimeno-Garcia score greater than or equal to 1.225.  The sensitivity of this value for inadequate bowel preparation was 60% with a specificity of 55%.  The PPV was 26% and the NPV was 84%.  The accuracy of the predictive tools for differing scores can be seen in graph 3.  The proportion of participants with inadequate preparation correlated with the risk factors present, with increasing model scores correlating with a higher rate of inadequate preparation.
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[bookmark: _Toc167893238]Figure 20 - Demonstrates the proportion of the validation cohort with a Dik and colleagues score and the corresponding absolute numbers of adequate and inadequate preparation and the percentage with inadequate preparation
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[bookmark: _Toc167893239]Figure 21 - Demonstrates the proportion of the validation cohort with a Gimeno-Garcia and colleagues score and the corresponding absolute numbers of adequate and inadequate preparation and the percentage with inadequate preparation

[bookmark: _Toc167893122]Missing data
Missing variables were seen in 29 patients. The eGFR was not available in 16 participants. The weekly bowel frequency was not available in 18 participants. In 13 cases the presence of constipation was imputed from other descriptors of bowel habit, in 5 cases the median value was used.  Four participants did not record their medications and four patients did not record if they had had surgery.  There were 99.3% of potential variables were available for analysis.  The other values were imputed as described in the method.
[bookmark: _Toc167893123]Assessment of calibration
The R2 score for the Dik model was 0.87.  Insufficient data were available to calculate the R2 score for the Gimeno-Garcia model. 
[bookmark: _Toc167893124]Assessment of Discrimination
The AUROC for the Dik and colleagues score from this external validation cohort was 0.6.  Within the original developmental study, an AUROC of 0.72 was calculated.  The internal validation cohort had an AUROC of 0.77.  Therefore, there is a difference in discrimination of -1.2 between the original AUROC and this external validation.  The AUROC for the Gimeno Garcia and colleagues score from this external validation cohort was 0.57.  Gimeno-Garcia demonstrated an AUROC of 0.7 with a difference in discrimination between their original study and this external validation of -1.3.  Both of these AUROC would be a modest discriminant value, as defined by Hosmer and colleagues(210).


  
[bookmark: _Toc167893240]Figure 22 - Receiver operating characteristic curve of the Dik and colleagues predictive model applied to the data derived from the EBOPS cohort

  
[bookmark: _Toc167893241]Figure 23 - Receiver operating characteristic curve of the Gimeno-Garcia and colleagues predictive model applied to data derived from EBOPS cohort

[bookmark: _Toc167893125]Comparison of performance of predictive score with the timing of preparation
Participants receiving different preparation timing regimes were aggregated together forming two groups: split timing and day before timing. Performance of the predictive models was assessed for each group. In total, 335 participants received split bowel preparation, with the remaining 172 receiving day before preparation. 
[bookmark: _Toc167893126]Performance of predictive models with split timing of bowel preparation
Of those receiving split bowel preparation, 44 (14.5%) participants had inadequate bowel preparation.  A Dik and colleagues score of ≥ 2 was seen in 30.1%.  The corresponding sensitivity was 45.5%, specificity was 72.2%, PPV was 19.8% and NPV was 89.7% with an accuracy of 68.7%.  The AUROC was 0.57.  A Gimeno Garcia score of ≥ 1.225 was seen in 46.6% of the group receiving split bowel preparation.  A corresponding sensitivity of 56.8%, specificity of 55.0%, PPV of 17.6%, NPV of 88.2% and an accuracy of 63.6% was observed. An AUROC of 0.54 was calculated.  
[bookmark: _Toc167893127]Performance of predictive models with day before bowel preparation
There were 43 (25%) participants who received day before preparation had inadequate cleansing. Of these, 33.7% had a Dik and colleagues score of ≥ 2.  The corresponding sensitivity was 46.5%, with a specificity of 70.5%, PPV of 34.5%, NPV of 79.8% and an accuracy of 64.5%. The AUROC was 0.62.  A Gimeno Garcia model score ≥ 1.225 was seen in 49.4% of participants receiving day before preparation.  A sensitivity of 62.8%, specificity of 55.0%, PPV of 31.8%, NPV of 81.6% and an accuracy of 60.5% was observed. The AUROC was 0.58.  
[bookmark: _Toc167893128]
Discussion
This study presents the results of an external validation of two models devised to predict the likelihood of poor bowel preparation for colonoscopy. There were differences in the sensitivity, specificity, PPV and NPV demonstrated between the developmental cohort and this external group(95, 96).  The Dik score sensitivity was notably lower, for a score of ≥ 2 it was 46% compared with 66% in the developmental cohort.  The specificity of the Gimeno-Garcia score was also lower at 55% compared with 80% in the developmental cohort. As such the AUROC also differed, with scores lower in this validation cohort compared with the developmental cohort.  Although in both models an increasing risk of poor bowel preparation was seen with escalating scores, the predictive scores did not perform as reliably in this independent population as within the developmental cohort.
The sensitivity and specificity analyses were similar, but for both models, lower values are seen than compared with the developmental studies.  Despite this, there is a delineation between those deemed at high or low risk of poor bowel preparation, defined by a Dik score ≥ 2 or Gimeno-Garcia score of ≥ 1.225 respectively. For a Dik score ≥ 2 of 40/159 (25.1%) participants  had inadequate bowel preparation, compared with 47/348 (13.5%) participants with a score < 2, almost doubling the risk of poor preparation with a risk difference of 11.6%.  For a Gimeno-Garcia score of ≥ 1.225, 52/242 (21.5%) participants had inadequate preparation, compared with 35/265 (13.2%) with a score of <1.225, with a risk difference of 8.3%, somewhat inferior to the Dik model. However, even within the group with a Dik score ≥ 2, 3 out of 4 participants had adequate preparation. The aim of the models is to predict the likelihood of poor bowel preparation. The validity of the discrimination of this prediction is demonstrated by the AUROC. The ROC curve demonstrates graphically the differentiating ability of the predictive models and the AUROC quantifies this value. The higher the AUROC, the more accurate and reliable the prediction. An AUROC of 1 demonstrates perfect differentiation of a positive and negative test and outcome.  An AUROC of 0.5 equates to that expected by chance. Both models demonstrate a degree of differentiation, however this is modest and lower than that seen in the initial developmental cohort (210). This indicates the models do provide further insight into patient risk of poor bowel preparation, informing on the clinical assessment. However, there is a sizeable proportion of false negatives and positives due to factors not included in these models. As discussed in Risk factors for poor bowel preparation, studies demonstrate several other risk factors that are not included in these two models.  The risk of poor preparation may be attributable to these other factors, but it seems likely that there will remain a cohort of patients whose poor bowel preparation for colonoscopy cannot be predicted from their baseline risk factors.  These scores do, however, give an indication of patients at an increased risk of poor bowel preparation, that could help to inform on stratification of the probability of inadequate cleansing.
The Dik model has consistently higher PPV and NPV compared with the Gimeno-Garcia model for corresponding values.  The cut off for high risk of poor bowel preparation is also more discriminant in the Dik model. Finally, the Dik model is also somewhat simpler to use in clinical practice, using integers over decimals. Although both scores have utility in stratifying risk, it is the author's opinion that the Dik model is more applicable to clinical practice. 
Several risk factors have been demonstrated to be associated with inadequate bowel preparation.  The largest meta-analysis of studies conducted by Mahmood and colleagues, demonstrated that increasing age, male sex, inpatient status, diabetes, hypertension, cirrhosis, opioid use, constipation, stroke, and TCA use all were independently associated with poor preparation(98).  Both models incorporate risk factors which overlap with this and other such studies (91-94, 97).  Furthermore, the risk factors that are used in these models are prevalent in clinical practice, therefore increasing their applicability (211).  In this validation cohort, male sex, participants with Parkinson’s disease, diabetes mellitus, cirrhosis, constipation, participants who took; calcium channel blockers, amitriptyline, and other anticholinergics, or received day before preparation in preference to split preparation, were significantly over-represented in the inadequate bowel preparation group. Curiously, participants taking opioids were not seen at a higher rate in the inadequate preparation group. Splitting of bowel preparation is known to be superior to day before preparation(87, 88). This is further demonstrated in the EBOPS cohort, in whom a lower rate of inadequate preparation was seen in the split timing group (14.5% vs 24%, p = 0.001). Interestingly, the predictive models performed better for participants receiving day before preparation. Since this group was larger and had a higher rate of inadequate bowel preparation, there was a significantly greater number of inadequate preparations.  This larger sample size may to some extent explain the greater accuracy.
As with the developmental cohort, an increasing score in either model corresponded with a stepwise increase in the proportion of participants with inadequate bowel preparation.  Both models present a threshold for high risk, however, an alternative cut off could be chosen dependent on the preference for sensitivity and specificity.  Patient choice should also form part of this consideration(132, 183). Bowel preparation is often cited as the worst aspect of the procedure; however, patients also expect an adequate assessment for a potential significant lesion(112, 165). They may be willing to consider augmented preparation if they are deemed at high risk of poor cleansing. This was demonstrated by Radaelli and colleagues, who found that most patients would choose split bowel preparation for morning procedures when informed of its superiority, despite this requiring them to wake in the early hours of the day(183).
There is little research into the augmentation of bowel preparation for patients deemed at high risk of poor cleansing.  Augmentation of bowel preparation has been undertaken in response to prior inadequate preparation.  Gimeno-Garcia and colleagues found that higher volume polyethyl glycol solution (4 litres in place of 2), additional Senna, and a prolonged low residue diet led to improved adequacy rates; 81.1% compared with 67.4%(111).  Since it has been effective in reaction to poor preparation, a similar augmented regime could be utilised in prevention. Augmentation has been undertaken in patients with constipation, although, a study investigating this did not demonstrate benefit.  This study, however, was not randomised and comprised of only 65 patients with constipation(212).  A balance must be considered between effective augmentation and adherence.  The latter is a key determinant of the quality of preparation(108, 109).  Increasing volumes of purgative, or combining with adjuvant laxatives, may be effective in certain settings, but if the patient is unable to adhere to it, then it is likely to be fruitless. New low volume preparations, such as Plenvu © have been demonstrated to be at least equivalent to two litre PEG preparations in recent studies (164, 213). However, these studies did not report on the rate of risk factors for poor preparation, and its performance in a more difficult to prepare bowel is not known. Within our cohort, the group with poor bowel preparation did not have a significantly higher rate of incomplete purgative consumption.  This was self-reported, however, with no requirement to demonstrate evidence of completion which may affect the reliability of this finding. Measuring adherence is challenging to assess.  This has been demonstrated in studies.  Attempts have been made in the past to measure adherence more accurately.  In a study by Gorelik and colleagues the quantity consumed by participants was demonstrated by the number of 200ml cups that they completed being presented at assessment by the study team, however, this is still liable to bias of participants(112).  A reliable way to assess prep consumption would be to monitor participants directly. Inpatient admission for all participants, is challenging due to associated costs and likely preference of participants to prepare at home rather than in hospital.  An alternative could be for participants to record their consumption of preparation either as a video or a photo of the remaining preparation.
The cohort is derived from a multicentre randomised control study with minimal missing values and a relatively large sample size, indicating the reliability of the data sourced. The presence of the risk factors was derived from questionnaires completed by the participants.  This may introduce some recall bias.  The inclusion criteria for this study were broad, incorporating a cross-section of patients attending for their first colonoscopy, however, there were pertinent exclusions. Prior poor preparation and inpatient status form part of the Dik score.  These two groups were not included in the selection criteria which may systematically affect the scores acquired in the validation cohort. It would be expected that the score would therefore be systematically lower than the average for the population. This may explain some of the discrepancies in the descriptive analyses between the development and validation cohort. Since these variables are not applicable to the participants in this study, there is a systematic difference between the cohorts in the developmental study and this validation cohort. As such this study is more appropriately a validation of a modified Dik score for outpatients attending for their first colonoscopy.  This is still clinically pertinent as a significant proportion of patients will be attending for their first colonoscopy, and with no prior experience, prediction of inadequate preparation is even more important. Also, inpatient preparation for colonoscopy is infrequent.  In the Dik score only 5% of the cohort were inpatients. In clinical practice this may well be significantly lower as inpatient preparation is recognised to be a significant factor for poor cleansing and therefore actively avoided(95). Interestingly, Afecto and colleagues undertook a retrospective assessment of both scores including patients who had previously undertaken colonoscopy and inpatients and found a similar AUC as was demonstrated in this study(214). 
Patient selection, choosing patients at high risk of poor preparation, but who are also willing and able to undertake an augmented regime, should be carefully considered.  Current guidelines do not recommend the use of an augmented regime for those at high risk of poor preparation (35).  Since over 600 000 colonoscopies are performed in the UK each year, optimising the procedure with adequate bowel preparation is vital and will have a significant effect (169).  A “one size fits all” approach to bowel preparation appears crude and not fit for purpose.  Further research into patient preference and effective regimes for those at “risk patients” is required.
Bowel preparation for colonoscopy is not a benign procedure and frailer patients with more limited reserve are likely to be at a higher risk of adverse events from the cleansing.  Latos and colleagues retrospectively reviewed 9962 colonoscopy procedures and found a high frequency of side effects, with vomiting, dyspepsia and abdominal pain documented in 6.7% of procedures. However, more significant events were also noted with 0.1% experiencing an acute coronary syndrome(215). More frail and comorbid patients appear to be at greatest risk of preparation associated complications (215-217).
An augmented regime may put patients a greater risk of preparation related complications.  There is limited evidence relating to the risk of augmented regimes, but theoretically patients could also be put under greater physiological strain from the volume of preparation. Decisions on augmenting bowel preparation for patients should therefore weigh up the potential benefit against this possible risk, and also should consider the likelihood of compliance with the regime.
A more thorough cleansing of an adequately prepared bowel may offer additional benefits to the colonoscopic examination. If an augmented regime were used with a Dik score of 2, almost a third of the population, and almost half of patients with poor preparation, would receive this regime. We should strive to optimise the selection of patients for augmentation of preparation. Standard preparation for all patients likely leads to missed opportunities to prevent inadequate bowel preparation.  Although this validation demonstrates inferior performance compared to the original developmental cohorts, those with elevated scores remain at increased risk compared with those with a normal score.











[bookmark: _Toc167893129]Chapter 6: A multicentre validation of the BBPS bowel preparation grading score undertaken by the EBOPS study group
[bookmark: _Toc167893130]Abstract
[bookmark: _Toc167893131]Background
Adequate bowel preparation is required to perform good quality colonoscopy.  The BBPS is a segmental grading scale that has previously been validated in different populations.  A higher BBPS correlates with greater polyp detection.  It has been utilised as the grading scale within the EBOPS study, but has not previously been validated in a UK population of endoscopists.  This study assesses the interobserver reliability of the BBPS in a cohort of UK endoscopists who took part in the EBOPS study.
[bookmark: _Toc167893132]Methods
This is a prospective observational study assessing the interobserver reliability of the BBPS scale.  All endoscopists who took part in the EBOPS study were invited to participate.  Videos of the withdrawal of 10 colonoscopy examinations were created. An online software platform was created on which the videos could be viewed and graded.  Observers were also asked to comment on the adequacy of the preparation to detect >5mm polyps, flat polyps, or depressed polyps.  The ICC for interobserver reliability was compared for total and segmental BBPS scores.
[bookmark: _Toc167893133]Results
Fifteen endoscopists participated in the study of whom 12/15 (80%) were consultants, 7% were fellows and 13% were nurse endoscopists.  The median annual colonoscopies completed were 200 (IQR = 190) with a range of 50-500.  The inter-rater ICC for segmental BBPS score was near perfect at .972 (95% CI 0.952-0.985).   The inter-rater ICC for total BBPS score was also near perfect at .979 (95% CI .950 - .994).  In colonoscopy videos assessed to be adequate (BBPS ≥ 2 in each segment) the preparation was deemed sufficient to detect a polyp >5mm in size in 88%, a flat polyp in 85%, and a depressed polyp in 76%.  Whereas, when the bowel preparation was inadequate, the observers felt the preparation was adequate to detect >5mm polyps in 20%, flat polyps in 5%, and depressed polyps in 1%.
[bookmark: _Toc167893134]Conclusions
This study demonstrates the interobserver reliability of the BBPS grading scale in a group of UK endoscopists, all of whom had participated in the EBOPs study.  With near perfect correlation demonstrated for both segmental and total BBPS scores, it indicates the consistency of this grading scale within this population.  This is evidence of the reliability of the bowel preparation grading within the EBOPS study.  Furthermore, it indicates the consistency of the BBPS grading within a group of UK endoscopists.  Since the interobserver reliability of this scale has been demonstrated in a group of endoscopists of differing experience, is it not time that its use became standard practice within the UK?

















[bookmark: _Toc167893135]Background
Bowel preparation adequacy is vital for the quality of colonoscopy (68, 74, 171). Judging whether the preparation is adequate informs upon the need for repeated examination and surveillance interval(55, 68, 171).  It also indicates the risk of a missed lesion (75, 85). As such, the reliability of the grading of bowel preparation is of pressing importance.  Traditionally, non-segmental scoring of bowel preparation has been used(218).  More recently, segmental grading of bowel preparation has been utilised(51, 53, 55). Segmental grading is associated with significant clinical outcomes, such as physician assessment of the need for repeat endoscopy and ADR(67, 74). Several different segmental grading scales have been described (see - Bowel preparation grading).  The BBPS is one such scale. A BBPS score of less than two in any segment correlates with a higher proportion of missed lesions(55). Validation of the scale has been undertaken in American, Chinese, Korean, and Portuguese populations of endoscopists(63-65).  It has the greatest body of evidence to demonstrate its validity and association with clinical outcomes(48). This scale was used to define the primary endpoint in the EBOPS study. A UK-based validation of a segmental grading scale has yet to be undertaken.  Assessment of the reliability of the BBPS will inform upon the appropriateness of the grading scale in UK practice and the validity of this scale in the EBOPs study.


[bookmark: _Toc167893136]Methods
This is a prospective observational study to assess the interobserver reliability of the BBPS scale.  It was registered with the Health Research Authority before the commencement of the study (IRAS number: 300764).
[bookmark: _Toc167893137]Sample size calculation
A sample size for the study was estimated using the recommendations by Koo and colleagues, both the rule of thumb requiring a minimum of 30 samples and the reliance on estimating the 95% CI of the ICC rather than the point estimate were considered(219).  The minimum acceptable ICC is presumed to be 0.7, with an expected reliability greater than 0.85, derived from previous validation studies(62, 64, 65).  Therefore, this study aims to achieve a 95% CI with a lower limit of 0.7. The width of the CI was expected to be no more than 0.3.  A minimum of 10 observers were required to view 30 video segments to give a 95% CI for the ICC with a lower limit of 0.7, if the population ICC is at least 0.85, and the width of the CI is no more than 0.3(219).  All endoscopists who participated in the EBOPS video trial were invited to also participate in this study.
[bookmark: _Toc167893138]Development of review videos
The study group planned the study.  The study group was made up of Thomas Archer, Stuart Riley, Mo Thoufeeq and Bernard Corfe. A set of ten videos were developed for review in this study.  Other media forms for comparison were also considered.  Still photos are an alternative to video clips.   Massinha demonstrated that there was reasonable correlation between photo and video assessment between raters(64). However, the study group felt that a video would offer a more realistic representation of preparation quality to assess. The number of review videos was decided in a consensus by the study group.  It was felt that this would be a reasonable number that the observer cohort would view. This total number of videos to review has been used in similar studies(62). Each video is made up of three segments of the colon, thus creating 30 separate segments for review. The videos were all recorded at the Northern General Hospital endoscopy unit, Sheffield Teaching Hospital NHS Foundation Trust, Herries Road, Sheffield. Consecutive videos were recorded from 50 colonoscopic examinations and ten were chosen at random.  All videos were anonymised.   The withdrawal of the endoscope was edited to approximately 1-minute clips with 20 seconds per section of the bowel.  The study group felt that this would be an acceptable viewing time for observers. Consideration was made regarding the length of the clips. It could be anticipated that a clip of a full withdrawal would deliver a more realistic endoscopic experience.  However, in the real-life clinical experience the endoscopist would be undertaking several tasks: manoeuvring the scope, assessing patient comfort,  coordinating the team, planning ahead and assessing the mucosa for polyps. As such, during this period they’re attention may only consider the quality of bowel preparation for a fraction of the withdrawal time.  This study does not give a true demonstration of a clinical practice assessment; however, it was felt appropriate to allow a shorter period to assess the bowel preparation to mimic this representative period of time. An online platform was created that was accessible to observers. It facilitated assessment of the ten videos and recording of results. 
	
[bookmark: _Toc167893139]Assessment of videos
All endoscopists who took part in the EBOPS study were invited to participate in this study. Endoscopists who took part in the EBOPS study had received the standard training in BBPS that has been provided by the developers of the score.  As they had experience of its use in practice and for the EBOPS study, they had working knowledge of its use.  This gave the opportunity to assess the inter observer agreement between a group of UK endoscopists who had experience of the BBPS score and its use.  Incorporating a group of endoscopists naïve to the score was considered.  Although this would have reduced the degree of selection bias, it was felt that this may not have addressed the aim of the study,  to compare the practical applicability of use of the score within a UK population.  Those trained and experienced in the clinical application of the BBPS give a better representation of its use in practice and therefore a naïve group was not also recruited. 
Observers graded the BBPS score for each video (See The Boston Bowel Preparation Scale (BBPS)).  They were also asked to comment on the adequacy of the preparation to assess for different polyps (polyps >5mm in size, flat polyps and/or depressed polyps).  The standard for adequacy of bowel preparation is one in which no 5mm polyp would be missed (220).  Flat polyps may be more easily overlooked, and depressed polyps are especially clinically relevant, as they have a higher likelihood of containing malignant cells (84, 221). An aide memoir of the BBPS grading system was provided. 

[bookmark: _Toc167893140]Data collection
Basic demographics were collected from each observer including name, job role and the number of colonoscopies performed annually. All observers graded the BBPS score for each of the ten videos.  The score is completed after all cleaning manoeuvres have been carried out.  Observers were informed that this had been undertaken and were asked to grade on the evidence provided in the video.  
Each observer also graded whether the bowel preparation quality was adequate to assess for a 5mm polyp, a depressed polyp, or a flat polyp.
[bookmark: _Toc167893141]Analysis plan
The ICC for inter-observer reliability was calculated using the methods undertaken by Fleiss and Shrout(222).  The ICC is an example of a descriptive statistic that can be utilised to compare the reproducibility of observations made by different observers on the same sample (223).  This was calculated for segmental and total BBPS scores. A two way random assessment of ICC was undertaken since the observers were from a sample and the endoscopy segments were grouped together in sets of three (right, transverse and left).   The interpretation of the ICC as described by Landis and Koch was utilised with an ICC of <0 reflecting as poor, 0 to 0.2 as slight, 0.21 to 0.4 as fair, 0.41 to 0.6 as moderate, 0.61 to 0.8 as substantial and above 0.81 as near perfect reliability (224).


[bookmark: _Toc167893142]Results
Data collection commenced 1/7/2021 and interim analysis of results was undertaken on 3/8/21.
A total of 88 observers were invited to take part in the analysis.  Fifteen (17%) reviewers had completed the evaluation of whom 12/15 (80%) were consultants, 7% were fellows and 13% were nurse endoscopists.  The median annual colonoscopies completed were 200 (IQR = 190) with a range of 50-500. All reviewers entered responses to each BBPS segment for each of the 10 videos.  The reviewers were from 3 sites.  
	Reviewer
	Job title
	Site
	Colonoscopies performed/year
	Screening endoscopist

	1
	Nurse 
	1
	350
	No

	2
	Consultant
	2
	500
	No

	3
	Consultant
	2
	350
	Yes

	4
	Consultant
	3
	400
	Yes

	5
	Consultant
	3
	50
	No

	6
	Nurse 
	3
	200
	No

	7
	Consultant
	3
	120
	No

	8
	Consultant
	3
	200
	No

	9
	Consultant
	3
	500
	Yes

	10
	Consultant
	3
	200
	No

	11
	Consultant
	3
	280
	No

	12
	Consultant
	3
	200
	No

	13
	Consultant
	3
	100
	No

	14
	Consultant
	3
	70
	No

	15
	Fellow
	3
	300
	No



The inter-rater ICC for segmental BBPS score was near perfect at .981 (95% CI 0.967-0.990).   The inter-rate ICC for total BBPS score was also near perfect at .985 (95% CI .966 - .996).  Figure 24  demonstrates the cumulative scores of BBPS grading of the videos.  The median BBPS grading was 6, with an IQR of 3 (4-7)




[bookmark: _Ref85797488][bookmark: _Toc167893242]Figure 24 - Demonstrates the proportion of scores that were recorded for each BBPS score. BBPS, Boston bowel preparation scale 
[bookmark: _Hlk83065638]For a table of all the individual observers scores see Appendix 11 – Observers’ BBPS grades for all colonic segments from “A multicentre validation of the BBPS bowel preparation grading score undertaken by the EBOPS study group”.
The adequacy of bowel preparation was defined by a BBPS score of ≥ 2.  Fifty percent of total scores were adequate.  Of these, observers felt that the preparation was adequate to detect a polyp >5mm in size in 88%, a flat polyp in 85%, and a depressed polyp in 76%.  Whereas, in the BBPS scores that were inadequate, the observers felt the preparation was adequate to detect >5mm polyps in 20%, flat polyps in 5%, and depressed polyps in 1%.  The interobserver ICC for adequate bowel preparation as graded by a video’s BBPS of ≥ 2 in each segment, was near perfect with an ICC of .971 (95% CI .953 - .984).


[bookmark: _Toc167893143]Discussion
This study demonstrates the interobserver reliability of the BBPS grading scale in a group of UK endoscopists.  All endoscopists participated in the EBOPs study.  This study indicates the reliability of the BBPS grading scale in this population, with near perfect correlation coefficients for segmental grading, overall grading, and differentiation of adequacy of bowel preparation, defined as a BBPS ≥ 2 in each segment of the colon.  The subjective likelihood of adequacy of bowel preparation for polyp detection (>5mm, flat and depressed) increased with both total BBPS score and adequate preparation.  Below a BBPS of 6, perceived polyp detection was 17%, 4% and 1% respectively for >5mm polyps, flat polyps, and depressed polyps.  Whereas with a score of ≥6, the corresponding values were 86%, 81% and 71%.
This study demonstrates a near perfect correlation between observers.  Other studies in different populations have also demonstrated the reliability of the BBPS scale.  Having been devised in the USA, the creators of the scale published two studies demonstrating a substantial and near perfect interobserver reliability (55).  Subsequently, studies in China, Portugal and Korea have demonstrated at least substantial and up to near perfect reliability of the scale(63-65).  This study demonstrates the reliability of this scale in a UK population.  This study also demonstrated the perception of observers for the likelihood of missed polyps of differing types, >5mm in size, flat or depressed with varying bowel preparation quality.  The US Taskforce recommendations on polyp surveillance advocate that preparation defined as adequate should be sufficient to not miss a polyp of at least 5mm in size (220).  Flat and depressed lesions are rarer than polyps >5mm in size, but of particular significance, as they are associated with PCCRC and are more difficult to detect (84, 221).  This perceived difficulty is clearly demonstrated in this study by consistently lower likelihoods of detection at almost all grades of BBPS.  However, at a BBPS score of ≥ 8, the perceived likelihood of missed flat or depressed polyp was 0%. These are subjective measures of the endoscopist’s expectation of missed polyps, however, Clarke and colleagues demonstrated the importance of adequate bowel preparation as defined by BBPS. In their study colonoscopies were repeated at an interval of 2 months with a comparison of segments with differing BBPS grades. A BBPS < 2 was significantly associated with missed polyps, however, a significant difference was not seen between scores of 2 and 3.  The detection of flat or depressed polyps was, however, not described in this study (68). In another study assessing the effect of split bowel preparation Parra-Blanco and colleagues specifically measured the detection of flat polyps.  They found that they were detected at a higher rate in the setting of superior cleansing (178).
In this study we did not assess whether observers would recommend a repeat colonoscopy in view of  the quality of preparation rated.  The threshold at which a repeat colonoscopy is recommended may vary between observers and is pertinent to both the risk of missed lesions as well relating to healthcare costs. Calderwood and colleagues have correlated the BBPS score at screening colonoscopy in USA population when no polyps were found with the interval recommended by the endoscopist to the next screening procedure.  They demonstrated that when the BBPS was ≥ 2 in each colonic segment, over 90% of endoscopists recommended a further procedure in 10 years.  Whereas, if a total score was 0-2 a follow up procedure was recommended within the year in 96% of cases, and with a median total score of 3-5 a follow up of 5 years and a 10 year follow up was only recommended in only 36% of cases(225).  This indicates the effect of BBPS quality on the endoscopists expectation of a missed lesion.
Adequate bowel preparation defined by the BBPS has been demonstrated to be associated with detection of polyps.  Previous studies by Kluge and Clark demonstrate that a score of <2 in a segment is associated with missed polyps, see The Boston Bowel Preparation Scale (BBPS). This association was also demonstrated in the EBOPS study with colonoscopic examination with an adequate BBPS grading having a PDR of 39% compared with 20% seen in those with inadequate preparation.  Within the EBOPS study, the non-segmental grading was not associated with a significant difference of polyp detection.  Contrary to this, non-segmental grading of bowel preparation data collected from Chapter 3: Is it time we split bowel preparation for all colonoscopies? Outcomes from a national survey of bowel preparation practice in the UK did demonstrate lower PDR between adequate and inadequately prepared colonoscopies (37.7% vs 25.9%).  However, the rate of inadequate preparation within this non-segmental grading was still far lower than that seen when using segmental grading.  The average reported across the UK was 8.4%.  Within the EBOPS study, the inadequate rate, as defined by the BBPS, was 27.3%, similar to that seen in previous studies. Inadequate rate in the non-segmental grading scale within the EBOPS cohort was 7.1%.  These data indicate that there is a wide divide between the two methods of grading bowel preparation.  Segmental grading of bowel preparation, is however, more sensitive to the likelihood of missed polyps.  Polyp detection and the prevention of missed lesions is a key determinant of reducing PCCRC.  Therefore, a reliable grading scale that more closely aligns with this likelihood of missed lesions is more clinically relevant.  This study demonstrates that the clinicians show considerable agreement in the grading of the BBPS. Since a consistent score can be recorded using the BBPS, and it more closely aligns with significant outcomes, it would be a more appropriate scale to be used within the UK. A key metric of colonoscopy quality is PCCRC. Within the UK this has been demonstrated to be 8.6% (226).  However, poor bowel preparation leads to a doubling of the risk of PCCRC(227).   The cost of PCCRC ranges between £12 500 and £30 000(228).  This indicates the importance of both making an assessment of the likelihood of missed lesions and also informing on the decisions relating to surveillance with a more reliable and clinically relevant scale.

Endoscopists who had participated in the EBOPs trial were observers in this study. Only a small proportion of the cohort had completed the study. These observers were not chosen at random, and there is a selection bias introduced by the group conducting the trial. However, to ascertain the reliability of the BBPS score it was felt more useful clinically to measure this reliability in observers who were familiar with its use.  This would then inform on the reliability in the “real-world” by endoscopists who had experience using it, rather than those naïve to its application. The study does, however, provide a cross-section of observers, with different grades and experience represented in the cohort. Most of the observers use the BBPS scale in standard practice, however, all the observers had completed the training video during the EBOPs study.  The detection of flat and depressed polyps at the highest grades of BBPS is a subjective opinion.  Further research would be required to assess whether this is borne out in clinical practice. 
The near perfect ICC of the BBPS demonstrated in this study indicates both the reliability of this score, as well as the ease of its use by general endoscopists within a UK population.  Segmental grading scales have been demonstrated to be superior to non-segmental grading regarding clinical endpoints such as polyp detection(51, 55, 67). The routine use of the BBPS scale would provide a more accurate assessment of bowel preparation to allow an evidence-based decision on care. The time has come for segmental grading scales to be the standard of grading bowel preparation for routine clinical practice.


[bookmark: _Toc167893144]Chapter 7: Thesis Discussion
[bookmark: _Toc167893145]Summary of key findings
Bowel preparation is the first key step towards good quality colonoscopy.  Optimising bowel preparation must be achieved to facilitate a good quality examination(73, 90, 139, 171). Timing of bowel preparation is integral for this to be achieved (87, 88, 177).  The national survey described in this thesis demonstrates that most Trusts are not providing optimally timed preparation to all patients.  The data presented demonstrates that varying educational interventions affect the quality of bowel preparation.  The EBOPS study concludes that an educational video for patients attending for their first colonoscopy leads to improved rates of adequate bowel preparation. This improved bowel preparation also led to a higher rate of polyps being detected.  The BBPS grading scale used in this study has been previously validated in multiple populations, but not within the UK.  A further validation has been undertaken within the observer cohort in the EBOPS study, demonstrating near perfect interobserver reliability.  This indicates the reliability of the metric used as the primary outcome in the EBOPS study.  It is also further evidence for it to be utilised in clinical practice within the UK, with reliability demonstrated across several observers of different experience. These RCT data have also been utilised to assess the validity of two current bowel preparation predictive models for patients attending for their first colonoscopy.  These predictive models use clinical variables to risk-stratify patients for poor bowel preparation at colonoscopy. The predictive models do indicate a cohort at an increased risk of poor preparation, however, just over half of the cohort with poor preparation were not identified by the predictive models and as such the discriminant value was not as marked in this assessment as was found within the initial developmental cohort. 
An effective educational intervention provides knowledge allowing understanding to be acquired, which improves motivation to complete the given task. . This is consistent with Bloom’s taxonomy of learning(116).  An educational video is a media form that allows both imparting of knowledge as well as encouragement and motivation in a simple, easily accessible format.  However, the effectiveness of a media form is dependent on the quality of the educational content, as well as the media form itself(133, 159).  Optimising that educational content is vital to offer the best intervention.  The development of the video used in this study was thoroughly evaluated with input from multiple stakeholders and was assessed in a pilot form before its use in the EBOPS study.  This trial demonstrates broadly that educational videos are beneficial, however, specifically, this educational video improves bowel preparation for patients attending for their first colonoscopy.  Educational videos are beneficial, but the content must be of a standard that optimises their value.  This is demonstrated in the variation in the literature, with positive and negative studies seen in educational interventions (see - The effect of patient educational interventions on bowel preparation quality).  The bespoke quiz in the EBOPS study had a significantly higher score in the intervention group than the placebo group.  Although unvalidated, this indicates the potential improvement in understanding in those that received access to the video, which in turn may improve adherence through increased motivation and comprehension.
The EBOPS study was specifically designed so that the educational video would be accessible.  The provision of both a YouTube © link and a DVD allowed greater access.  Learning from prior studies, the link was shared electronically to ensure that participants could access it, since Kakkar demonstrated that difficulty in accessing educational videos can exacerbate poor adherence(159). The benefit of the educational video was most keenly seen in the eldest age group.  Increasing age is a known risk factor for poor bowel preparation(90, 91, 98). In contrast to the findings in the EBOPS study Jeon demonstrated that younger participants received the greatest benefit from a mobile phone app aimed at improving bowel preparation(156). Participants were excluded from the EBOPS study if they could not access the video, whereas this was not the case in the Jeon study.  The difference between the findings in the studies, therefore, may be explained by access to the educational intervention, which could be expected to be lower in older people (229).  The benefit seen in older patients in the EBOPS study indicates that a knowledge deficit, and inadequate or inaccessible education, may explain an element of poorer preparation in this group. Insufficient comprehension of information can be resolved with relatively simple interventions, such as an educational video, that have a significant impact on the adequacy of bowel preparation.  This is further evidence of the importance of developing strategies to ensure adequate education for all patients.  
Using the data acquired through the EBOPS study, an assessment of the validity of two predictive scores for poor bowel preparation has been undertaken. These data indicate that although the scores can stratify patients at an increased risk of poor preparation, the discriminant value was lower and the scores did not perform as effectively in this external cohort than within the initial developmental one.  The descriptive values were inferior to the initial developmental data, but still allow risk stratification to be undertaken. Of the two scores, the Dik and colleagues is preferential as a predictive score, due to both its simplicity and the superior validation figures obtained.
The national survey demonstrated that most Trusts in the UK do not split bowel preparation for all procedures, however, most do for afternoon procedures. Time from last bowel preparation to the procedure is a significant determinant of adequate bowel preparation(35, 87, 88), however, I have demonstrated that most Trusts do not undertake this simple intervention for all their colonoscopy procedures.  Although this study cannot in itself prove the importance of split bowel preparation, a lower rate of inadequate preparation was observed in those who had split dosing.  The most common preparation was Moviprep ©. 
[bookmark: _Toc167893146]Limitations
The national survey allows an overview of practice, but by its nature, it does not give detail regarding the different educational interventions. Surveys can demonstrate correlation but not causation. Questionnaires were completed by sites and returned.  Efforts were made to improve the face validity of the questionnaire and it was possible for the respondents to have queries clarified.  Data collected was on a cohort and it was not possible to collect information on individual cases, so the distribution of risk factors within each population was not known.  Furthermore, adherence of bowel preparation is not known.  Although, data were available on a large number of procedures, 30% of sites did not respond, and of those that did, only the minority could provide responses to all datapoints.  Therefore, bowel preparation practice is available from 70% of sites, but associated outcomes relating to bowel preparation was available from approximately 50% of the national annual colonoscopy practice. Although this corresponded to over 300 000 procedures it is not a full cross section of outcomes across the UK. Specifically, within the outcomes, only a minority of sites were able to provide polyp detection. Although, the data provided fitted with previous evidence that poor bowel preparation was associated with a lower polyp detection, since there were limited data it was not possible to associate this with different bowel preparation strategies.  Since polyp detection is one of the more significant key performance indicators, and closely associated with subsequent risk of colorectal cancer, this would have been useful additional information to analyse(49, 72).  Furthermore, those NHS sites that responded may introduce a non-response bias, as it is not known why sites did not respond, and those that did may not be representative of those that did not.  Although there was reasonable representation of practice at NHS sites, no private providers provided data.  This leaves a gap in the dataset.  Practice within the private sector could be similar or divergent from NHS practice.  This would be a useful insight to elucidate but was outside of the capability of this survey.
The EBOPS study was designed to ensure reliability, whilst remaining pragmatic.  To allow recruitment from multiple sites it was required that obstacles were not created between the time of appointment to endoscopic procedure.  Limiting the observers at sites to experts that had an interest in bowel preparation may have increased the reliability of the scoring, but would have made it very difficult to recruit the sample size. However, all participating observers volunteered to take part in the study, in so doing agreeing to watch the educational video on BBPS grading.  The study of interobserver reliability offers further reassurance of the validity of the grading within the observers.  A near perfect ICC was seen within the participants from the EBOPS study. 
The study was over recruited to, but still fell short of the target number dictated by the power calculation, due to a high drop-out rate. Within the UK there is a drive to ensure that investigations for cancer occur promptly.  A “two week wait” rule applies, by which tests should occur within two weeks of referral.  This directive rightly took precedence over the study preference for allocation of participants to study observers.  As such, participants could have been placed on an endoscopist’s list who was not taking part in the study.   This led to an increased dropout rate of participants as the primary outcome could not be recorded by non-study endoscopists. Segmental scoring was not the standard at any of the sites that took part in the study.  Non-segmental grading is currently recommended by national guidelines, despite evidence of the superiority of segmental grading(49, 51, 68). This is further evidenced by data from the EBOPS study. Adequacy of preparation defined by BBPS was significantly associated with a higher PDR, whereas non-segmental grading demonstrated no significant difference in polyp detection across the grades (see - Figure 18).  Most of the data acquired outside of the endoscopy related outcomes were through participant filled questionnaires.  This may introduce an element of recall bias, which might influence the reliability of the comorbidity data.  This may specifically have an impact on the evaluation of the validity of the predictive models for bowel preparation.

[bookmark: _Toc167893147]Strengths
The data collected allows both an overview of current practice in the UK and a more specific evaluation of a bespoke intervention to improve bowel preparation.  Both techniques required different approaches.  The national survey has its strengths in the breadth of information gathered from a high proportion of UK practice.  Over 70% of the Trusts responded to the survey, allowing a reliable snapshot of practice.  The survey does not allow detail to be ascertained, but all key areas of practice are covered.  The questions were formulated to allow simple either dichotomous or numerical responses.  The questions were assessed for face validity by a pilot of the questions at the host trust.  
The EBOPS RCT aimed to evaluate a specific scenario; the effect of an educational video on bowel preparation in patients attending for their first colonoscopy.  A multicentre RCT design assessed this effectiveness.  This incorporated PPG involvement from the outset which was instrumental in the design and acceptability of the intervention.  The video had the same design, but was tailored for each site, demonstrating the generalisability of the intervention. Improvement in bowel preparation was seen at each site. This type of intervention is dependent on its educational content.  Most such interventions, however, have been conducted at single centres, and have not been assessed within different populations.  Elvas and colleagues did demonstrate that the visual aid designed by Spiegel and colleagues for outpatients was also effective in an inpatient setting(121, 135). Quality of placebo is important in educational studies.  In some studies, the placebo is not clearly defined (see - The effect of patient educational interventions on bowel preparation quality).  In the EBOPS study, the current standard instructions used at each site were utilised.  A well-validated bowel preparation grading scale was also used.  The BBPS study has previously been validated in several populations and it has been demonstrated that an increasing BBPS correlates with a greater PDR (see - Adenoma detection rate).  Clark and colleagues clearly demonstrated that a BBPS score < 2 is the cut-off that delineates a significant proportion of missed polyps(68).  Polyp detection and removal is the primary aim of most colonoscopies, thus reducing the risk of CRC(72, 230). As such, a cut-off of ≥ 2 in each segment was used in the EBOPs study to indicate adequacy.  This significance was borne out in analysis, since not only were a higher proportion of adequately prepared bowels seen in the intervention group, a higher proportion of polyps were also seen.  The breadth of data collected in this study also demonstrates broadly equivalent groups.  Although the dropout rate was relatively high, the equivalence of the groups indicates that systematic bias was not introduced to the study.  This was demonstrated by a comprehensive comparison of the two groups demographics, comorbidities, and medications.  The presentation of all risk factors for poor preparation is not routinely reported in studies assessing interventions affecting bowel cleansing. It is my view that a thorough presentation of risk factors for poor bowel preparation should be a standard in this area of research.
[bookmark: _Toc167893148]Implications for policymakers
CRC is the second leading cause of death from cancer in the UK (6).  Colonoscopy is both the gold standard of investigation as well as a therapeutic intervention proven to reduce the risk of cancer (76).  As such over 600 000 colonoscopies are performed in the UK each year(169).  Optimisation of these procedures is therefore of the utmost importance, to ensure each examination offers the greatest benefit to each patient(49).  With a procedure so commonly performed and with such clear benefits, passive acceptance of poor quality should not be tolerated.  How well the bowel is prepared is integral to colonoscopy quality.  Each colonoscopy procedure costs approximately £500, with the overall cost to the NHS in the region of hundreds of millions of pounds.  Therefore, even small improvements in quality can have an impact on patients and the NHS alike with the prevention of cancer, reduced need for repeated procedures and significant potential savings.  Bowel preparation is one such area.  Poor bowel preparation occurs in up to 25% of procedures, leaving a large margin for improvement (99).  Colonoscopy is a diagnostic as well as therapeutic intervention.  As well as investigating for malignant and premalignant lesions, that are more likely to occur in older patients, it is also a diagnostic procedure for other conditions that cause bowel symptoms.  In younger patients a more common cause of bowel symptoms is inflammatory bowel disease. In this context, the diagnosis can still be achieved even in the setting of a less well-prepared bowel.  Since specific lesions such as polyps may be less of a concern in this group, poorer preparation may be permissive.
[bookmark: _Toc167893149]Timing of bowel preparation
Many factors impact the quality of bowel preparation.  The time of the regime plays a significant role in resultant cleansing.  Minimising the time from the last preparation to the procedure, improves preparation (87, 88).  As such split bowel preparation is superior to day before preparation.  Split bowel preparation should be the standard of care, however, as is demonstrated in this national survey, very few trusts that responded undertook splitting of bowel preparation for all their procedures.  National policy should strongly advocate split bowel preparation for all procedures.  The ESGE have recommended this approach, but ensuring this is enacted upon and taken forward into practice should be a priority in endoscopy planning(35).  
[bookmark: _Toc167893150]Patient education in bowel preparation
Modifications of bowel preparation regimes can affect the resultant quality, but this is firstly dependent on the patient.  Adherence is linked to quality, and this is affected by the patient's motivation and understanding(108, 109).  Effective interventions to ensure good quality bowel preparation have consistently been demonstrated to lead to improvement in bowel preparation.  Many educational interventions can be introduced at minimal cost but can lead to significant cost savings through improved efficiency of the service.  This thesis has demonstrated that an educational video leads to improvement in bowel preparation for patients attending for their first colonoscopy. 
[bookmark: _Toc167893151]Grading of bowel preparation quality
Several scales have been devised for the grading of bowel preparation.  Segmental scales have been investigated, with the BBPS scale having the most extensive validation. Non-segmental scales that are recommended as standard in the UK have little evidence for recognised clinical endpoints (49).  The rate of inadequate bowel preparation in the national survey using non-segmental grading was 8.4%.  This is substantially lower than the expected rate seen in other studies, of over 20% (98, 99).  This may be due to the lack of sensitivity of this scale.  Segmental grading is relatively simple and adds little workload to the endoscopist. We have demonstrated that within a UK cohort there is a near perfect interobserver reliability of this grading scale. Widespread adoption within the UK is possible and would improve the quality of reporting of bowel preparation. Furthermore, the adoption of the BBPS would offer the opportunity for a more standardised grading scale.  The risk of missing lesions could be more clearly defined, and both the clinician and patient could have a more accurate indication of the quality of the colonoscopic examination on which to base decisions.   More accurate grading would allow a more detailed interpretation of bowel preparation and inform on clinical decisions, also providing more reliable data to measure outcomes.
[bookmark: _Toc167893152]Implications for future research
[bookmark: _Toc167893153]Augmentation of bowel preparation for patients at high risk of poor bowel cleansing
Certain patients are at an increased risk of poor preparation(95, 96). Risk factors for inadequate cleansing are known, and available predictive scores for poor bowel preparation have been assessed for validity in this thesis.  Although the sensitivity of the Dik model was lower than that seen in the developmental cohort, the specificity was similar.  This indicates that patients with risk factors are at an increased risk of poor preparation. This allows an opportunity to offer an alternative augmented regime to improve outcome cleansing and mitigate this increased risk. 
Providing an augmented regime for those only at the greatest risk of poor bowel preparation could allow optimisation of the service, with decreased inadequate rates, whilst also balancing tolerability for the majority who are not at high risk. This is an under researched area with little current evidence. 
There are recognised factors that affect the quality of bowel preparation; these can be divided into patient and bowel preparation factors.  Patient factors include co-morbidities, bowel habit, medications, age, male sex, and a history of previous poor bowel preparation.  Bowel preparation factors include timing, quantity, and type of bowel preparation, as well as pre-endoscopy diet and adjuvant laxatives. 
The use of a predictive model, such as that devised by Dik and colleagues(95), to stratify those at risk and subsequently provide augmented preparation to improve cleansing, has not been investigated. I feel that further investigation is warranted due to both the potential improvement in outcomes and generalisability of this research to colonoscopy practice.  Ten percent of patients fit into the high-risk criteria of poor bowel preparation(95). Within the validation cohort, patients with a high risk score were twice as likely to have poor preparation. I hypothesise that an augmented regime would reduce the risk from a third to a fifth of procedures.  Bowel preparation for colonoscopy is not benign and does carry risks of complications.  There is no evidence that augmenting a bowel preparation regime increases this risk, however this is an understudied area, and it would seem feasible that it could.  The most vulnerable to complications are patients with significant comorbidities and frailty(216, 217). Balancing patient fitness against the intensity of the bowel preparation regime is therefore prudent.
Eligible participants for this study could be identified using a Dik score for poor preparation ≥ 2(95). Participants could then be randomised to standard care or the augmented regime for high risk of poor preparation.  This regime would incorporate a high volume of PEG, along with adjuvant laxatives and a prolonged LRD.  
The EBOPs study demonstrated the benefit of an educational video for patients attending for their first colonoscopy.  This cohort of patients required an introduction and explanation to a bowel preparation regime in which they had no experience.  The educational video improved the adequacy of bowel preparation for this group. An augmented regime is more complex and challenging to complete, as it has more steps and a higher quantity of bowel purgative to consume.  Back and colleagues demonstrated that poor adherence to 4 litres of PEG leads to inferior cleansing than a 2-litre regime(140). I hypothesise that an educational video would be of even greater benefit in this cohort, facilitating the completion of the augmented regime. 


Anticipated benefits of proposed research
1. Improved adequacy of bowel cleansing in the cohort of patients who are at an increased risk of poor bowel preparation.
2. Reduction in inadequate procedures and missed lesions. 
3. Assessment of the utility of an educational video in the delivery of complex bowel preparation regime information.  
4. Assessment of the adherence and tolerability of augmented regimes.
5. Evaluation and prospective external validation of bowel preparation predictive scores.
This study could progress in three stages: development of the intervention, pilot of intervention and experimental investigation of the intervention through an RCT.
Initial development would utilise PPG through focus groups to explore patient views on the augmented bowel preparation bundle of care. The focus groups could explore patient priorities and views.  This could inform upon both what level of risk of inadequate preparation is acceptable and the attitude towards the augmented regime. Further development of the educational video to make it applicable to the augmented regime could also be achieved.   
Subsequently, external pilot data on the augmented regime could be collected to assess its feasibility, adherence, and tolerability.   Feedback from this cohort of patients could further inform on the development of the intervention and study design. An RCT could then assess whether an augmented regime for patients at high risk of poor bowel preparation leads to improved adequacy of cleansing. A factorial design could allow comparison of augmentation of bowel preparation regime alongside enhanced educational interventions or a control group.  This could be incorporated with a cluster design that would randomise the intervention and control groups to different sites (see Figure 25).  This could simplify the logistical delivery of the study at each site and help to prevent crossover of interventions which could be pertinent with different forms of education, however this is weighed against the potential for an increased risk of recruitment bias in this form of study(231).  One of the main factors that led to loss of participants to follow up in the EBOPS study was the allocation of participants to endoscopists that were not taking part in the study.  This reduced the strength of the study.  Two possible solutions to this are an alternative recruitment method or allocation of participants to study endoscopists.  The latter proved challenging within the EBOPS study.  However, this is something that could be negotiated with potential study sites as a prerequisite of the site’s participation in the study.  Alternatively, potential participants could be recruited after allocation to a study endoscopist’s list, contrary to before as they were in the EBOPS study.  This would require a well organised and coordinated research team as the window of time between the potential participant’s appointment being made and their attendance could be short. 

[bookmark: _Ref167110228][bookmark: _Toc167893243]Figure 25 - An example of a cRCT with factorial design
[bookmark: _Toc167893154]Splitting of bowel preparation
There is evidently apprehension of adopting split bowel preparation for morning as well as afternoon procedures. However, patient tolerance and acceptance, with minimal impact on sleep quality has been demonstrated in other populations(132, 183).  This evidence can be used as a blueprint for the UK.  Further investigation of both the views of the local population, as well as the impact on sleep and continence, of the introduction of a split bowel preparation regime for morning procedures should be further evaluated.  Initial pilot assessment of a change in practice could pave the way for widespread adoption.
[bookmark: _Toc167893155]Comparison of educational modalities
This thesis presents the outcomes of the EBOPS study. This study demonstrated that an educational video leads to improved bowel preparation in participants attending for their first colonoscopy.  The placebo in this study was the current standard practice at each centre, which were enhanced written instructions.  The standard of placebo varies across other educational video studies, but usually constituted written instructions. Ascertaining the best educational intervention has not been defined.  There are two considerations here, the cost of the educational intervention, and the benefit it offers in terms of patient tolerability, adherence, and the quality of the bowel preparation.   
Garg and colleagues assessed a multimodal educational intervention, demonstrating the benefit of incorporating several educational interventions together (158).  This intensive intervention did lead to improved bowel preparation. However, in a resource-limited environment, getting the “best bang for your buck”, providing quality education at an economy, may take higher precedence.  Some educational interventions, by their nature, will be more costly.  Direct patient education will invariably be more expensive as staff salary will dwarf the costs of simpler interventions.  The comparison of different forms of educational interventions has not been extensively investigated. Andrealli and colleagues assessed whether using different mediums of education affected participants willingness to undertake a split bowel preparation regime(132). This study assessed whether participants receiving face-to-face education along with written instructions were more adherent to a split bowel preparation regime, than those receiving enhanced written instructions alone (see Visual aids). No significant difference was demonstrated between the groups, indicating that enhanced written instructions were as effective as face-to-face instructions in this setting.  A comparison of direct face-to-face education with intensive, but non-direct interventions, such as educational videos or mobile phone apps/prompts, for non-inferiority have not been undertaken.  Further assessment in this area would be warranted.
[bookmark: _Toc167893156]Conclusion
Bowel preparation is intrinsic to colonoscopy, but its quality is dependent on multiple factors. Strategies to improve bowel preparation can be considered on an organisational level, evidence-based interventions, and consideration of individual patient factors. In this thesis it has been demonstrated how bowel preparation could be improved in all three of these domains.  Patient education and timing of bowel preparation are both important factors in optimising preparation.  This thesis demonstrates the potential for improvement across the UK with these simple interventions.
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("colonoscopy"[MeSH Terms] OR "colonoscopy"[All Fields] OR "colonoscopies"[All Fields] OR ("cathartics"[Pharmacological Action] OR "cathartics"[MeSH Terms] OR "cathartics"[All Fields] OR "cathartic"[All Fields]) OR (("bowel s"[All Fields] OR "bowell"[All Fields] OR "intestines"[MeSH Terms] OR "intestines"[All Fields] OR "bowel"[All Fields] OR "bowels"[All Fields]) AND "cleanliness"[All Fields]) OR (("colon"[MeSH Terms] OR "colon"[All Fields] OR "colonic"[All Fields] OR "colons"[All Fields] OR "colon s"[All Fields] OR "colonal"[All Fields] OR "colonically"[All Fields] OR "colonitis"[All Fields]) AND ("cleanse"[All Fields] OR "cleansed"[All Fields] OR "cleanses"[All Fields] OR "cleansing"[All Fields] OR "cleansings"[All Fields])) OR (("colon"[MeSH Terms] OR "colon"[All Fields] OR "colonic"[All Fields] OR "colons"[All Fields] OR "colon s"[All Fields] OR "colonal"[All Fields] OR "colonically"[All Fields] OR "colonitis"[All Fields]) AND ("preparate"[All Fields] OR "preparates"[All Fields] OR "preparation"[All Fields] OR "preparations"[All Fields] OR "preparative"[All Fields] OR "preparatively"[All Fields] OR "prepare"[All Fields] OR "prepared"[All Fields] OR "prepares"[All Fields] OR "preparing"[All Fields])) OR (("bowel s"[All Fields] OR "bowell"[All Fields] OR "intestines"[MeSH Terms] OR "intestines"[All Fields] OR "bowel"[All Fields] OR "bowels"[All Fields]) AND ("preparate"[All Fields] OR "preparates"[All Fields] OR "preparation"[All Fields] OR "preparations"[All Fields] OR "preparative"[All Fields] OR "preparatively"[All Fields] OR "prepare"[All Fields] OR "prepared"[All Fields] OR "prepares"[All Fields] OR "preparing"[All Fields]))) AND ("health education"[MeSH Terms] OR ("health"[All Fields] AND "education"[All Fields]) OR "health education"[All Fields] OR ("cartoon"[All Fields] OR "cartooned"[All Fields] OR "cartoons"[All Fields]) OR ("audiovisual aids"[MeSH Terms] OR ("audiovisual"[All Fields] AND "aids"[All Fields]) OR "audiovisual aids"[All Fields]) OR ("patient compliance"[MeSH Terms] OR ("patient"[All Fields] AND "compliance"[All Fields]) OR "patient compliance"[All Fields]) OR ("smartphone"[MeSH Terms] OR "smartphone"[All Fields] OR ("smart"[All Fields] AND "phone"[All Fields]) OR "smart phone"[All Fields]) OR ("smartphone"[MeSH Terms] OR "smartphone"[All Fields] OR "smartphones"[All Fields] OR "smartphone s"[All Fields]) OR ("video s"[All Fields] OR "videoed"[All Fields] OR "videotape recording"[MeSH Terms] OR ("videotape"[All Fields] AND "recording"[All Fields]) OR "videotape recording"[All Fields] OR "video"[All Fields] OR "videos"[All Fields]) OR (("educability"[All Fields] OR "educable"[All Fields] OR "educates"[All Fields] OR "education"[MeSH Subheading] OR "education"[All Fields] OR "educational status"[MeSH Terms] OR ("educational"[All Fields] AND "status"[All Fields]) OR "educational status"[All Fields] OR "education"[MeSH Terms] OR "education s"[All Fields] OR "educational"[All Fields] OR "educative"[All Fields] OR "educator"[All Fields] OR "educator s"[All Fields] OR "educators"[All Fields] OR "teaching"[MeSH Terms] OR "teaching"[All Fields] OR "educate"[All Fields] OR "educated"[All Fields] OR "educating"[All Fields] OR "educations"[All Fields]) AND ("intervention s"[All Fields] OR "interventions"[All Fields] OR "interventive"[All Fields] OR "methods"[MeSH Terms] OR "methods"[All Fields] OR "intervention"[All Fields] OR "interventional"[All Fields])))) AND (1957:2018[pdat])
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Package Leaflet: Information for the User KLEAN-PREP 69g Sachet Powder for Oral Solution Macrogol 3350, Sodium sulphate anhydrous, Sodium bicarbonate, Sodium chloride and Potassium chloride Read all of this leaflet carefully before you start taking this medicine because it contains important information for you. • Keep this leaflet. You may need to read it again. • If you have any further questions, ask your doctor or pharmacist. • This medicine has been prescribed for you. Do not pass it on to others. It may harm them, even if their signs of illness are the same as yours. If you get any side effects, talk to your doctor. This includes any possible side effects not listed in this leaflet. See Section 4. If you need the information on this leaflet in an alternative format, such as large text, or Braille please ring from the UK: 0800 198 5000 and for Medical Information: 01895 826 606 What is in this leaflet: 1. What Klean-Prep is and what it is used for 2. What you need to know before you take Klean-Prep 3. How to take Klean-Prep 4. Possible side effects 5. How to store Klean-Prep 6. Contents of the pack and other information 1. WHAT KLEAN-PREP IS AND WHAT IS IT USED FOR Klean-Prep is dissolved in water, it is a bowel cleansing agent. This means it flushes everything out of your intestines (gut) through a laxative action so that they are completely empty and clean. You are taking Klean-Prep because you are going to have one of these procedures: • Colonoscopy • Barium enema • Gut surgery For all of these, it is important that your gut is clean so the procedure is more likely to be a success. 2 2. WHAT YOU NEED TO KNOW BEFORE YOU TAKE KLEAN-PREP Do not take Klean-prep if you suspect or your doctor suspects: • you are allergic (hypersensitive) to the active substances or any of the other ingredients of Klean-Prep (listed in section 6). • you have a blockage of the gastrointestinal obstruction or perforation of the wall of the bowel • you have ileus (loss of muscle tone in the gut) • you have gastric retention • you have toxic colitis and toxic megacolon • you have congestive cardiac failure (Heart Failure) Take special care with Klean-Prep The fluid content of Klean-Prep when reconstituted with water does not replace regular fluid intake and adequate fluid intake should be maintained. If you are in poor health or have a serious medical condition, you should be particularly aware of the possible side effects listed in section 4. Contact your doctor or pharmacist if you are concerned. You should tell your doctor before taking Klean-Prep if you have any of the following; • have a problem swallowing • have reflux oesophagitis (which is a condition where acid from the stomach enters the oesophagus (gullet)) • have reduced levels of consciousness • have ulcerative colitis (which is an inflammatory disease of the bowel which can cause abdominal pain and bloody diarrhoea). • are prone to regurgitation (which is the return of food from the stomach into the oesophagus (gullet) and mouth) or aspiration (which is breathing in of food and/or fluid into the airways). These patients will need to be carefully monitored during administration. • have heart problems including irregular heartbeats or palpitations. • have kidney problems Some patients taking Klean-Prep have developed very low levels of sodium in the blood and as a result may experience convulsions, confusion or disorientation. Other medicines and Klean-prep If you are taking other medicines take them at least one hour before taking Klean-Prep or at least one hour afterwards because they may be flushed through your digestive system and not work so well. Please tell your doctor or pharmacist if you are taking or have recently taken any other medicines, such as diuretics (that increase the amount of urine passed) and also medicines obtained without a prescription. 3 Klean-Prep with food and drink Do not take any solid food for at least two hours before you take Klean-Prep. Pregnancy,breast-feeding and fertility There are no data on the use of Klean-Prep during pregnancy or lactation and it should only be used if considered essential by your physician . So if you are pregnant or breastfeeding, think you may be pregnant or are planning a baby, ask your doctor or pharmacist for advice before taking Klean-Prep. Driving and using machines Klean-Prep does not affect your ability to drive or use machines. Important information about some of the ingredients of Klean-Prep This medicinal product contains 125 mmol (2.9 g) sodium per sachet of treatment. To be taken into consideration by patients on a controlled sodium diet. This medicinal product contains 10mM of potassium per litre. To be taken into consideration by patients with reduced kidney function or patients on a controlled potassium diet. Klean-Prep contains aspartame, which is a source of phenylalanine, this may be harmful to people with phenylketonuria (a genetic disorder affecting metabolism). 3. HOW TO TAKE KLEAN-PREP Always take Klean-Prep exactly as your doctor has told you. You should check with your doctor or pharmacist if you are not sure. • The usual dose is up to 4 sachets taken at a rate of 250ml every 10 to 15 minutes until the total volume is consumed or rectal effluent is clear, or as directed by the physician. The solution from all 4 sachets should be drunk within 4 to 6 hours. If you have a morning appointment at the hospital • take Klean-Prep during the afternoon and evening of the day before you appointment. This will take about 4 to 6 hours altogether. If you have an afternoon appointment, • take 2 sachets on the evening before your appointment, and the remaining 2 sachets the next morning. This takes about 2-3 hours each time. To take Klean-prep: 1. Empty the contents of one sachet of Klean-Prep into 1 litre (1 ¾ pints) of water. 2. Stir until the solution is clear. 3. Drink 1 glassful (¼ litre or ½ pint) of Klean-Prep about every fifteen minutes until you have drunk it all. 4. Make up and take the next sachets in the same way. You should be starting to have watery bowel movements so stay near a toilet. If after three sachets you are passing only clear liquid, there is no need to take the final sachet. 4 What else do I need to know? You should start opening your bowels 1 to 2 hours after starting to take Klean-Prep. If you have not had a bowel movement after taking 2 sachets, wait until you go to the toilet before you continue with Klean-Prep. If you have slept the night and still not have had any bowel movements, contact the hospital for advice. If you take more Klean-Prep than you should, drink lots of liquids especially fruit juices. If you forget to take Klean-Prep, take the next dose as soon as you remember. Do not take a double dose to make up for a forgotten dose. If you have any further questions on the use of this product, ask your doctor or pharmacist 4. POSSIBLE SIDE EFFECTS Like all medicines, Klean-Prep can have side effects, although not everybody gets them. The following side effects have sometimes been seen but it is not known how often they occur because the frequency cannot be estimated form the available data: • Feeling sick, a feeling of fullness in your stomach, bloating and wind may all be experienced. You may experience abdominal cramps, vomiting or soreness of the anus (bottom). If you get a feeling of nausea (feeling sick) swelling of the stomach, or stomach pain, or you start to vomit, you should drink Klean-Prep more slowly or stop drinking it for a few minutes until you feel better. • People can be allergic to Klean-Prep, and may get an itchy skin rash (nettle rash or hives) or reddening of the skin. They may also experience swelling of the face, lips, tongue and throat, and may also have difficulty in breathing and become breathless. If you experience any of these reactions you should contact a doctor immediately for advice. • A reduction in levels of sodium and potassium in the blood. This is more common in people who are taking medicines which affect the kidneys, such as diuretics • Convulsions (fits), confusion/disorentation linked with extremely low levels of sodium in the blood. • Dehydration or feeling thirsty • Headaches or dizziness • Shivering or fever may occur. • Malaise (general unwellness) • Brief increase in blood pressure that may be linked to bowel preparations. Irregular heartbeats or palpitations. Reporting of side effects If you get any side effects, talk to your doctor, pharmacist or nurse. This includes any possible side effects not listed in this leaflet. You can also report side effects directly via Yellow Card Scheme Website: www.mhra.gov.uk/yellowcard or search for MHRA Yellow Card in the Google Play or Apple store. By reporting side effects you can help provide more information on the safety of this medicine. 5. HOW TO STORE KLEAN-PREP 5 Keep this medicine out of the sight and reach of children. Store Klean-Prep sachets in a dry place. Do not store above 25o C. After you have dissolved Klean-Prep in the water, the solution may be stored in the fridge (2°C - 8°C). Do not keep it for more than 24 hours. Do not use this medicine after the expiry date which is stated, after “EXP” on the carton. The expiry date refers to the last day of the month. Do not throw away any medicines via wastewater or household waste. Ask your pharmacist how to throw away medicines you no longer use. These measures will help protect the environment. 6. CONTENTS OF THE PACK AND OTHER INFORMATION What Klean-Prep contains The active substances are Macrogol 3350, Sodium Sulphate, Sodium Bicarbonate, Sodium Chloride and Potassium Chloride. Each sachet contains: Macrogol 3350 59.0g Sodium Sulfate 5.685g Sodium Bicarbonate 1.685g Sodium Chloride 1.465g Potassium Chloride 0.743g The other ingredients are aspartame and vanilla flavour. What Klean-Prep looks like and contents of the pack Each sachet contains 69g Klean-Prep and 4 sachets come in one box. (232)
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1. Name of the medicinal product
Moviprep, powder for oral solution
2. Qualitative and quantitative composition
The ingredients of Moviprep are contained in two separate sachets.
Sachet A contains the following active substances:
	Macrogol 3350
Sodium sulfate anhydrous
Sodium chloride
Potassium chloride
	100 g
7.500 g
2.691 g
1.015 g


Sachet B contains the following active substances:
	Ascorbic acid
Sodium ascorbate
	4.700 g
5.900 g


The concentration of electrolyte ions when both sachets are made up to one litre of solution is as follows:
	Sodium
Sulfate
Chloride
Potassium
Ascorbate
	181.6 mmol/L (of which not more than 56.2 mmol is absorbable)
52.8 mmol/L
59.8 mmol/L
14.2 mmol/L
56.5 mmol/L


Excipient(s) with known effect:
This product contains 0.233 g of aspartame per sachet A.
For the full list of excipients, see section 6.1.
3. Pharmaceutical form
Powder for oral solution.
Free flowing white to yellow powder in Sachet A.
Free flowing white to light brown powder in Sachet B.
4. Clinical particulars
4.1 Therapeutic indications
Moviprep is indicated in adults for bowel cleansing prior to any clinical procedures requiring a clean bowel e.g. bowel endoscopy or radiology.
4.2 Posology and method of administration
Posology
Adults and Older People
A course of treatment consists of two litres of Moviprep. It is strongly recommended that one litre of clear liquid, which may include water, clear soup, fruit juice without pulp, soft drinks, tea and/or coffee without milk, is also taken during the course of treatment.
A litre of Moviprep consists of one 'sachet A' and one 'sachet B' dissolved together in water to make one litre of solution. The reconstituted solution should be drunk over a period of one to two hours. This process should be repeated with a second litre of Moviprep to complete this course.
This course of treatment can be taken either as divided or as single doses and timing is dependent on whether the clinical procedure is conducted with or without general anaesthesia as specified below:
For procedures conducted under general anaesthesia:
1. Divided doses: one litre of Moviprep in the evening before and one litre of Moviprep in the early morning of the day of the clinical procedure. Ensure consumption of Moviprep as well as any other clear fluids has finished at least two hours before the start of the clinical procedure.
2. Single dose: two litres of Moviprep in the evening before the clinical procedure or two litres of Moviprep in the morning of the clinical procedure. Ensure consumption of Moviprep as well as any other clear fluids has finished at least two hours before the start of the clinical procedure.
For procedures conducted without general anaesthesia:
1. Divided doses: one litre of Moviprep in the evening before and one litre of Moviprep in the early morning of the day of the clinical procedure. Ensure consumption of Moviprep as well as any other clear fluids has finished at least one hour before the start of the clinical procedure.
2. Single dose: two litres of Moviprep in the evening before the clinical procedure or two litres of Moviprep in the morning of the clinical procedure. Ensure consumption of Moviprep has finished at least two hours before the start of the clinical procedure. Ensure consumption of any clear fluids has finished at least one hour before the clinical procedure.
Patients should be advised to allow for appropriate time to travel to the colonoscopy unit.
No solid food should be taken from the start of the course of treatment until after the clinical procedure.
Paediatric population
Not recommended for use in children below 18 years of age, as Moviprep has not been studied in the paediatric population.
Method of administration
The route of administration is oral use. A litre of Moviprep consists of one sachet A and one sachet B dissolved together in water to make a one litre solution.
Precautions to be taken before handling or administering the medicinal product.(233)
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Picolax
Summary of Product Characteristics Updated 08-May-2021 | Ferring Pharmaceuticals Ltd
1. Name of the medicinal product
PICOLAX powder for oral solution
2. Qualitative and quantitative composition
Each sachet contains the following active ingredients:
Sodium picosulfate 10.0mg
Magnesium oxide, light 3.5g
Citric acid, anhydrous 12.0g
-
Each sachet also contains:
Potassium hydrogen carbonate 0.5g [equivalent to 5 mmol (195 mg) potassium]
Lactose (as a component of the flavour)
For the full list of excipients, see section 6.1.
3. Pharmaceutical form
Powder for oral solution.
White crystalline powder.
4. Clinical particulars
4.1 Therapeutic indications
PICOLAX is indicated in adults, adolescents and children from the age of 1 year:
- To clean the bowel prior to X-ray examination or endoscopy.
- To clean the bowel prior to surgery when judged clinically necessary (see section 4.4 regarding open colorectal surgery).
4.2 Posology and method of administration
Posology
Adults (including elderly):
The two PICOLAX sachets (see Method of Administration section below for reconstitution guidance) are taken dependent on the planned time of the procedure:
• The first reconstituted sachet is taken 10 to 18 hours before the procedure, followed by at least 5 x 250 ml drinks of clear liquids (not only water), spread over several hours
• The second reconstituted sachet is taken 4 to 6 hours before the procedure, followed by at least 3 x 250 ml drinks of clear liquids (not only water), spread over several hours
• Clear liquids (not only water) may be consumed until 2 hours before the time of the procedure
Special populations
Limited data is available for treatment of patients with low body weight (BMI less than 18). The rehydration regimen above has not been tested in such individuals and therefore monitoring of their hydration status is required and the regimen may need to be altered appropriately (see section 4.4).
Paediatric population:
A measuring spoon is provided with the product. It is recommended that a narrow flat edge, for example the back of a knife blade, is drawn across the top of a heaped measuring spoon to obtain a flat surface of the measure. This will give ¼ of a sachet (4 g powder) per spoonful.
For the timing of dosing in children, refer to the instructions given for adults
from 1 up to 2 years: first dose is 1 spoonful, second dose is 1 spoonful
from 2 up to 4 years: first dose is 2 spoonfuls, second dose is 2 spoonfuls
from 4 up to 9 years: first dose is 1 sachet, second dose is 2 spoonfuls
9 years and above: adult dose
Maintaining hydration in children is very important. Guidelines for treating dehydration in children should be followed to ensure adequate hydration during treatment with PICOLAX.
Method of administration
Route of administration: Oral
A low residue diet is recommended on the day prior to the procedure. A clear liquid diet is recommended on the day of the procedure. To avoid dehydration, it is important to follow the liquid intake recommendation as advocated together with the PICOLAX dosing whilst the effects of PICOLAX persist (see section 4.2, Posology). Apart from the liquid intake together with the treatment regimen (PICOLAX + additional liquids), a normal, thirst driven intake of clear liquids is recommended.
Clear liquids should include a variety of fruit juice without pulp, soft drinks, clear soup, tea, coffee (without milk, soy or cream) and water. Liquid intake should not be restricted to only drinking water.
Directions for reconstitution in adults (including elderly):
Reconstitute the contents of one sachet in a cup of water (approximately 150 ml). Stir for 2-3 minutes, the solution should now become an off-white, cloudy liquid with a faint odour of orange. Drink the solution. If it becomes warm, wait until it cools sufficiently to drink.
Directions for reconstitution in children:
Reconstitute the required amount of powder in a cup containing approximately 50 ml water per spoonful. Stir for 2-3 minutes, the solution should now become an off-white, cloudy liquid with a faint odour of orange. Drink the solution. If it becomes warm, wait until it cools sufficiently to drink.
Discard the remaining contents of the sachet.
For directions on reconstitution of the full sachet for children of 4-9 years, refer to the instructions given for adults.(234)




[bookmark: _Ref84860973][bookmark: _Toc167893164][bookmark: _Ref80738248]Appendix 2 - Question list from national survey

1.     What is the first line bowel preparation laxative that is offered to patients undergoing colonoscopy?
2.     Do you offer any alternative bowel preparation laxatives for patients undergoing colonoscopy?
3.     How many patients received each bowel preparation laxative between 1st January 2018- 1st January 2019?
4.     What were the number of patients receiving each bowel preparation laxative who had inadequate bowel preparation between 1st January 2018- 1st January 2019?
5.     Are patients undergoing colonoscopy advised to take the bowel preparation at a single time or split over two different times?
6.     During the period of 1st January 2018- 1st January 2019, what times were patients advised to consume the bowel preparation for a morning colonoscopy appointment?
7.     During the period of 1st January 2018- 1st January 2019, what times were patients advised to consume the bowel preparation for an afternoon colonoscopy appointment?
8.     During the period of 1st January 2018- 1st January 2019, what times were patients advised to consume the bowel preparation for an evening colonoscopy appointment?
9.     Are patient’s advised to consume a particular diet prior to their colonoscopy? If so what diet are they advised to consume? How many days are they advised to consume it for?
10.  Do any of your patients attend a specific pre assessment clinic after they are referred for colonoscopy, but before they attend on the day of their endoscopy to receive more detailed endoscopy information?  What is the criteria for referral to this pre assessment clinic?
11.  How many patients are seen in this pre assessment clinic between 1st January 2018- 1st January 2019?
12.  How many colonoscopies did you perform in the last year (1st January 2018- 1st January 2019)
13.  During the period of 1st January 2018- 1st January 2019:
14. How many patients were documented as having excellent bowel preparation?
15. What was the polyp detection rate in patient with excellent bowel preparation?
16. How many patients were documented as having good bowel preparation?
17. What was the polyp detection rate in patient with good bowel preparation?
18. How many patients were documented as having fair bowel preparation?
19. What was the polyp detection rate in patient with fair bowel preparation?
20. How many patients were documented as having inadequate bowel preparation?
21. What was the polyp detection rate in patient with inadequate bowel preparation?
22.  How many patients had a morning appointment during the period of 1st January 2018- 1st January 2019?
23.  How many patients who had a morning appointment during the period of 1st January 2018- 1st January 2019 had inadequate bowel prep?
24.  How many patients had an afternoon appointment during the period of 1st January 2018- 1st January 2019?
25.  How many patients who had an afternoon appointment during the period of 1st January 2018- 1st January 2019 had inadequate bowel prep?
26.  How many patients had an evening appointment during the period of 1st January 2018- 1st January 2019?
27.  How many patients who had an evening appointment during the period of 1st January 2018- 1st January 2019 had inadequate bowel prep?
28.  If a patient has a repeat colonoscopy due to inadequate bowel preparation, do you have a specific bowel preparation regime for those patients?   If so what is it?

[bookmark: _Ref80886406][bookmark: _Toc167893165]Appendix 3 - Primary focus group transcript

REVIEWER 1 said that one of the biggest factors that the video would need to address is the ‘fear factor’ that a colonoscopy presents, particularly to the elderly. In her community, REVIEWER 1 found that the reassurance she gave recently to a group of elderly patients awaiting their first colonoscopy seemed to reassure them, and this video seems much more personable than the written text in the PIS. REVIEWER 1 suggested that the video could be screened in the waiting room before procedures.

REVIEWER 2 suggested that an alternative format for the video might be more appealing and achieve the high impact REVIEWER 1 seeks, for example, animation. REVIEWER 1 agreed with this direction.

RD said this could work in terms of its appeal, but the message must maintain its solemnity. REVIEWER 2 agreed an animated film would tone down the fear factor, whilst retaining the informative nature of this serious matter.

REVIEWER 3 asked what age group is the video targeting? Each age band may assess the content differently, so whatever product is delivered it must be as universal as possible and include the key factors contained in the PIS.

REVIEWER 5 asked how would the video be accessed? TA said it could be accessed online or produced in DVD format. REVIEWER 5 suggested that different platforms should be utilized i.e. mobile phones to television.

REVIEWER 3 asked how long is the film? People’s attention span is often limited, and that two-minutes max would be enough. TA agreed. 

After much debate from the whole focus group about the video (in its animated format) using a character to deliver the message (in the shape of ‘poo’ or the ‘colon’) it was agreed that this could inadvertently increase the comedic nature of the video and dilute the high impact message altogether. Therefore, utilizing a narrator with supporting written statements is deemed to the most sensible approach whilst still having a far-reaching appeal. 

REVIEWER 5 felt the use of a narrator as well as supporting text would help both those with or without reading difficulties.

AW asked the focus group what they felt should be the key message in the film, perhaps the opening and closing statement, for example, “Good bowel prep, leads to better health”. The focus group felt that key statements were key, and they’d express their views when observing the first ‘draft’. 

REVIEWER 1 also felt that the use of graphics is quite informative and simple to understand if presented in the right format. Concerning this study, they can be used to deliver simple instruction on bowel prep. REVIEWER 3 concurred.

TA agreed with this suggestion, and precise instruction is the aim of both the PIS and the film.
6. Specific Questions for the Focus Group (following a review of the current patient information sheets)

(a) Content: What do you feel should be included in the video (or not) having read the content of the PIS’s? Also, what is missing (if anything)?

REVIEWER 1 said the video content mustn’t appear to be daunting for the patient, unlike the PIS. Explain the information in the simplest way possible without being condescending. The use of graphics is essential with easy-to-follow timelines for bowel prep ahead of the procedure.

REVIEWER 5 suggested that ‘still’ pictures of the equipment to be used in the procedure might help to reduce fears.

TA suggested perhaps some advice on diets, do’s and don’ts leading up to the procedure.

REVIEWER 1 asked about whether drugs that some patients might be prescribed should be used ahead of the procedure. Should this be mentioned? 

(b) Style of the video (narrated animated or person-specific) 

Animated was agreed upon by TWO of the focus group members (REVIEWER 4 and REVIEWER 1). REVIEWER 3 preferred a person speaking directly on film. REVIEWER 5 and REVIEWER 2 were happy with either style if the message is clear and understood,

REVIEWER 5 said the video should incorporate ‘everyday’ conversation.

(c) Length of Video
All focus group members agreed that the length of the video should be no longer than two minutes. 

(d) Narrated style 
All felt that a Narrator was the best way forward overseeing an animated video. 

REVIEWER 3 commented that the narration should be ‘clear’, ‘professional’ and ‘factual’. Also, a Doctor should do the narration

REVIEWER 1 said the importance of ‘good bowel prep’ must be the fundamental message stating the clear benefits it brings, and what ‘bad bowel prep’ could hide

REVIEWER 3 further said that a good strapline could be “Good Bowel Prep = Early Intervention and Reassurance”  

(e) Content
TA asked if the content should be either realistic; use of a character such as ‘poo’ or ‘colon’ and whether it should explain a disease that can be picked out by colonoscopy following good bowel prep?

No one was openly opposed to a character being used but preferred a realistic character in the guise of a Doctor albeit in animated form. The Narrator could state that a colonoscopy could identify disease early particularly if good bowel prep is observed, but it shouldn’t mention specific diseases.

[bookmark: _Ref84861598][bookmark: _Toc167893166]Appendix 4 – Site specific instructions
[bookmark: _Toc167893167]Nottingham University Hospital NHS Foundation Trust bowel preparation instructions
Seven days before the procedure if you are taking iron tablets please stop taking them, but continue all other medications including laxatives.  Four days before the procedure if you are taking any constipating agent (eg loperamide or codeine phosphate etc) stop taking them.  Three days before the procedure commence a low fibre diet. The day before the procedure have breakfast as usual.  Following lunch, do not eat any sold food after 1pm.  You should not eat any further solid food until after your procedure.  However, you may drink clear fluids throughout the day.  This should preferably be water, but you can also have tea or coffee without milk, soft drinks (not fizzy), clear soups or Bovril. At 6pm make up your first jug of Moviprep by pouring the powder from one “A” sachet and one “B” sachet of Moviprep into a large jug and then add one litre of water to the jug and stir until the powder is completely dissolved and the solution is clear.  You can add cordial (not blackcurrant) to flavour the Moviprep if you wis.  Drink one glassful every 15 minutes until you have drunk the whole jug.  You should have completed drinking the whole jug of Moviprep in about one hour. You should continue to drink plenty of clear fluids (at least 500ml or 1 pint) over the next couple of hours. You should expect frequent bowel motions and eventually watery diarrhoea.  Some stomach discomfort is normal.  Please use a barrier cream if your bottom becomes sore and stay within easy reach of the toilet.  
On the day of your procedure you not eat any solid food until after your procedure.  Make up your second jug of Moviprep in the same way as the first and starting drinking it at least 5 hours before the appointment time of your endoscopy test. 


[bookmark: _Toc167893168][bookmark: _Ref84861367]Lincoln County Hospital bowel preparation instructions
Pour the content of one sachet A and one sachet B into a jug.  Adding luke warm water make up to 1 litre and stir until the powder is completely dissolved and the solution is clear of slightly hazy. Cordial may be added (not blackcurrant).  If you wish, make up ahead of time and chill in the fridge.  The reconstituted solution should be used within 24 hours.  Some people find it easier to drink through a straw.
Drink 250ml of the Moviprep every 15-30 minutes until you have drunk it all (taking about 1-2 hours).  Take your time, there is no need to rush.  You should also drink an additional 500ml of water or clear fluids with each litre of Moviprep taken.
If your appointment is between 8am and 1pm
The day before your procedure
For  your meals the day before the procedure choose only foods from the following list : Do not eat after 130pm
Milk, plain yohurt, cheese, eggs, butter, margarine, white fish, chicken (boiled steamed or grilled), white bread (no seeds), pitta, rice, pasta, chapattis made with white flour, clear soups, plain ice cream, clear jelly, boiled sweets, chocolate, salt,pepper, sugar, sweeteners, honey, marmite
Do not eat anything after 130pm but drink plenty of clear fluids.
At 5pm make up and drink the first litre of Moviprep.
The day of the procedure
Do not eat anything solid until after the procedure.
At 5am make up and drink the second litre of Moviprep over 1 -2 hours
If your appointment is after 1pm:
The day before the procedure for your meals choose only foods from the above list.  Do not eat after 4pm.
At 6pm make up and drink the first litre of Moviprep and drink it over 1-2 hours. 
The day of your procedure do not eat anything until after the procedure.  At 9am make up and drink the second litre of Moviprep.




[bookmark: _Toc167893169]Chesterfield Royal Hospital NHS Trust bowel preparation instructions
Morning appointment
On the day before your procedure:
Before 9am: have a light breakfast. Do not eat anything until after your examination.  Drink plenty of clear fluids.  Do not drink milk.
At 5pm: Empty contents of one sachet labelled A and one sachet labelled B into a jug containing 1 litre of cold water and stir until dissolved.  You may add ice cubes if you wish.  Drink one glass every fifteen minutes until the jug is empty.  Then drink an additional 500ml of water before the next dose
At 8-9pm: Make up another litre of Moviprep and consume a glass every 15minutes until the jug is empty. Then drink an additional 500ml of water before you go to bed.
Afternoon appointments
On the day before your procedure
Before 1pm : have a good breakfast and light lunch. After 1pm do not eat any more food until after your examination
At 7pm: Empty contents of one sachet labelled A and one sachet labelled B into a jug containing 1 litre of cold water and stir until dissolved.  You may add ice cubes if you wish.  Drink one glass every fifteen minutes until the jug is empty.  Then drink an additional 500ml of water before you go to bed.
At 6am: Empty contents of one sachet labelled A and one sachet labelled B into a jug containing 1 litre of cold water and stir until dissolved.  You may add ice cubes if you wish.  Drink one glass every fifteen minutes until the jug is empty.  Then drink an additional 500ml of water 

[bookmark: _Toc167893170]Derby Royal Hospital NHS Trust bowel preparation instructions
For morning procedures:
Do not eat from 1pm the day before
Do not drink from 2 hours before your procedure
Following a light lunch do not eat anything after 1pm. 
You can have clear soup, fruit juice without pulp, diluted cordials (not blackcurrant), soft drinks, herbal tea, black tea and coffee without milk
At about 5pm make up and drink 1 litre of Moviprep (sachets A and B) and drink it over 1-2 hours.  It is important to drink an additional 500ml of water or clear fluids.
At about 8-9pm make up your second litre of Moviprep and drink it over 1-2 hours.  It is important to drink an additional 500ml of clear fluid.
For afternoon procedures:
Do not eat anything after 3pm.  Clear fluids should be continued.  At about 7pm make up your first litre of Moviprep and drink it over 1-2 hours.  It is important to drink an additional 500ml of clear fluid.
At 6am make up your second litre of Moviprep and drink it over 1-2 hours.  It is important to drink an additional 500ml of clear fluid.
For evening appointments:
Do not eat anything after 9pm the day before the procedure.  At 7am make up your first litre of Moviprep and drink it over 1-2 hours.  It is important to drink an additional 500ml of clear fluid.  At about 10am make up your second litre of Moviprep and drink it over 1-2 hours.  It is important to drink an additional 500ml of clear fluid.
Low fibre foods preferred the day before the procedure:
White meat, skin less chicken, grilled or poached fish, cheese, eggs, tofu, ice cream, custard, jelly, butter/margarine, white bread, pasta,rice, boiled or mashed potato, water, fizzy drinks, fruit juice. Clear soups tea or coffee, shreadless marmalade or jam
High fibre food should be avoided:
Red meat, sausages, pies,  any fruit or salad, puddings containing nuts, fruit, potato skins, chips, wholemeal, brown or seeded bread, nuts, pulses, wholemeal pasta, brown rice, vegetables, cakes, biscuits, yoghurts
Sheffield Teaching Hospital and Kings Mill Hospital used equivalent instructions, but recommended that patients having an afternoon procedure should fast from 1pm the day before.


[bookmark: _Toc167893171]Appendix 5 - Internet links to site specific educational videos

[bookmark: _Toc167893172]Sheffield/Chesterfield/Kings Mill video  https://www.youtube.com/watch?v=FrfMAXhyssQ&t=11s&ab_channel=ThomasArcher

[bookmark: _Toc167893173]Derby Video
https://www.youtube.com/watch?v=3cjvLaasZTc&t=53s&ab_channel=ThomasArcher

[bookmark: _Toc167893174]Lincoln Video
https://www.youtube.com/watch?v=d76a9ftRHe4&t=126s

[bookmark: _Toc167893175]Nottingham Video
https://www.youtube.com/watch?v=TN82ar1Vhq4&t=3s&ab_channel=ThomasArcher
[bookmark: _Ref84861526]


[bookmark: _Ref107331187][bookmark: _Toc167893176]Appendix 6 – CONSORT checklist for EBOPS study
[image: ]CONSORT 2010 checklist of information to include when reporting a randomised trial*

	Section/Topic
	Item No
	Checklist item
	Reported on page No

	Title and abstract

	
	1a
	Identification as a randomised trial in the title
	96

	
	1b
	Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts)
	96

	Introduction

	Background and objectives
	2a
	Scientific background and explanation of rationale
	97

	
	2b
	Specific objectives or hypotheses
	97

	Methods

	Trial design
	3a
	Description of trial design (such as parallel, factorial) including allocation ratio
	103-4

	
	3b
	Important changes to methods after trial commencement (such as eligibility criteria), with reasons
	

	Participants
	4a
	Eligibility criteria for participants
	104

	
	4b
	Settings and locations where the data were collected
	104

	Interventions
	5
	The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
	101-3, 105

	Outcomes
	6a
	Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed
	105

	
	6b
	Any changes to trial outcomes after the trial commenced, with reasons
	

	Sample size
	7a
	How sample size was determined
	106

	
	7b
	When applicable, explanation of any interim analyses and stopping guidelines
	

	Randomisation:
	
	
	

	 Sequence generation
	8a
	Method used to generate the random allocation sequence
	104

	
	8b
	Type of randomisation; details of any restriction (such as blocking and block size)
	104

	 Allocation concealment mechanism
	9
	Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken to conceal the sequence until interventions were assigned
	

	 Implementation
	10
	Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions
	104

	Blinding
	11a
	If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and how
	105

	
	11b
	If relevant, description of the similarity of interventions
	104-5

	Statistical methods
	12a
	Statistical methods used to compare groups for primary and secondary outcomes
	105-6

	
	12b
	Methods for additional analyses, such as subgroup analyses and adjusted analyses
	

	Results

	Participant flow (a diagram is strongly recommended)
	13a
	For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the primary outcome
	107-8

	
	13b
	For each group, losses and exclusions after randomisation, together with reasons
	107-8

	Recruitment
	14a
	Dates defining the periods of recruitment and follow-up
	108

	
	14b
	Why the trial ended or was stopped
	108

	Baseline data
	15
	A table showing baseline demographic and clinical characteristics for each group
	109

	Numbers analysed
	16
	For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned groups
	110-4

	Outcomes and estimation
	17a
	For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95% confidence interval)
	110-4

	
	17b
	For binary outcomes, presentation of both absolute and relative effect sizes is recommended
	

	Ancillary analyses
	18
	Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from exploratory
	110-4

	Harms
	19
	All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)
	

	Discussion

	Limitations
	20
	Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
	117

	Generalisability
	21
	Generalisability (external validity, applicability) of the trial findings
	116-7

	Interpretation
	22
	Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence
	116-7

	Other information
	

	Registration
	23
	Registration number and name of trial registry
	106

	Protocol
	24
	Where the full trial protocol can be accessed, if available
	

	Funding
	25
	Sources of funding and other support (such as supply of drugs), role of funders
	





[bookmark: _Ref84861746][bookmark: _Toc167893177]Appendix 7 – Participant questionnaires 
[bookmark: _Toc167893178]Patient questionnaire
Please complete the following questions				

If you are uncomfortable answering any questions please them leave blank	  

1 Age                       


2 Sex			Male /  Female

3 Do you smoke? 		Yes / No 

4 How many units of alcohol do you drink in a week? ( small glass of wine = 1 unit, pint of beer = 2 units, 25ml measure of spirit = 1 unit)

5. Did you follow a low fibre diet prior to your colonoscopy?     Yes/no

6. If so, for how many days was your diet low fibre?



7 Do you have any other medical conditions? Please tick and list
Parkinson’s disease
Diabetes mellitus
Liver Cirrhosis
Others (please list):




8 Have you ever had surgery before?  If so what surgery have you had performed?





9 What medications do you take? 











10 On average, how many times a week do you open your bowels?
 



11 Do you regularly have to strain to open you bowels? (please circle)
	Yes	/	No
Prefer not to say






12 What consistency is your normal bowel movement? (see attached Bristol Stool Chart) 
[image: Image result for bristol stool chart]





Prefer not to say 






13 Following a motion, do you ever feel as though you have not fully emptied your bowel? (please circle)
	Yes	/ 	No
Prefer not to say



14 How often do you undertake vigorous physical exercise (>30minutes)  (please circle)
	Several times a day
	Daily?
	5 times per week?
	Less than 5 times per week?
	Weekly?
	Rarely?



15 Ethnic Origin

Or
(Circle) Prefer not to say

16 What level of education have you received? (please tick)
Primary school    	
Secondary school
A – level
University/college
Prefer not to say


[bookmark: _Toc167893179]STAI-6

A number of statements which people have used to describe themselves are given below. Read each statement and then circle the most appropriate number to the right of the statement to indicate how you feel right now, at this moment. There are no right or wrong answers. 

Do not spend too much time on any one statement but give the answer which seems to describe your present feelings best.  
Not at all 	Somewhat	 Moderately 	Very much 
1. I feel calm …...……………………. 	       1 	                      2 		          3 		        4 
2. I am tense ……………………..…. 	       1 		        2 		          3 		        4 
3. I feel upset ………..………………  	       1 		        2 		          3 		        4 
4. I am relaxed …………….………… 	       1 		        2 		          3 		        4 
5. I feel content ……………..……… 	       1 		        2 		          3 		        4 
 6. I am worried ……………...…… 	       1 		        2 		          3 		        4 





[bookmark: _Toc167893180]Visual Analogue Scales	
How would you rate your understanding of how to take your bowel preparation? (please mark on the line)

 [image: ]
Full understanding
Poor understand







How would you rate your understanding of a colonoscopy procedure? (please mark on the line) 


[image: ]
Full understanding
Poor understand



	
What percentage of the first litre of moviprep did you drink?  (please mark on the line) 

[image: ]Finished the Litre

Drank Half
Wasn’t able to drink any




What percentage of the second litre of moviprep did you drink?  (please mark on the line)
[image: ]
Wasn’t able to drink any
Drank Half
Finished the Litre



At what time did you start the first litre of moviprep?____________________

At what time did you start the second litre of moviprep?____________________





Did you watch a video explaining how to take your bowel preparation?  Yes             /            No
If so, how many times?___________________

How acceptable was the video?

[image: ]
Very acceptable
Unacceptable




[bookmark: _Toc167893181]Quiz for bowel preparation study		
1. How long does the procedure usually take
a. 5 minutes
b. 15 minutes
c. 30 minutes
d. 1 hour
e. 2 hours
2. If you have a morning procedure, when should you drink the second litre of moviprep
a. 5pm the evening before your procedure
b. 8 hour before
c. The morning of your procedure
d. 1 hour before
e. 8pm the night before your procedure
3. Which of these foods are you allowed to eat the day before your procedure
a. White bread
b. Brown rice
c. Chips
d. Nuts
e. Cakes
4. What should you avoid in your food prior to the procedure?
a. Fat
b. Sugar
c. Fibre
5. What is a polyp
a.  A discolouration of the bowel wall
b. An overgrowth of tissue that is growing on the bowel wall
c. A pouch caused by a weakness in the bowel wall
6. How much fluid is each bowel prep solution made up to
a. 250ml
b. 500ml
c. 1litre
d. 2 litre
e. 4 litres
7. How long should it take to consume the bowel prep solution
a. 30 minutes
b. 1 hour
c. 2 hours
d. 4 hours
8. If you have a morning procedure, when should you last eat a meal
a. Teatime 2 days before 
b. Lunch time the day before
c. Lunch time two days before
d. Breakfast the day of your
e. Tea time the day before

[bookmark: _Toc167893182]Appendix 8  -BBPS score
[image: ]

[bookmark: _Ref80747715][bookmark: _Toc167893183]Appendix  9 – Ethical approval for EBOPS trial
[image: ]
[bookmark: _Ref84863068]

[bookmark: _Toc167893184]Appendix 10 – STARD checklist for “A comprehensive validation of the accuracy of two predictive models for inadequate bowel preparation”

	
	Section & Topic
	No
	Item
	Reported on page #

	
	
	
	
	

	
	TITLE OR ABSTRACT
	
	
	

	
	
	1
	Identification as a study of diagnostic accuracy using at least one measure of accuracy
(such as sensitivity, specificity, predictive values, or AUC)
	119

	
	ABSTRACT
	
	
	

	
	
	2
	Structured summary of study design, methods, results, and conclusions 
(for specific guidance, see STARD for Abstracts)
	119

	
	INTRODUCTION
	
	
	

	
	
	3
	Scientific and clinical background, including the intended use and clinical role of the index test
	120

	
	
	4
	Study objectives and hypotheses
	120

	
	METHODS
	
	
	

	
	Study design
	5
	Whether data collection was planned before the index test and reference standard 
were performed (prospective study) or after (retrospective study)
	120

	
	Participants
	6
	Eligibility criteria 
	121

	
	
	7
	On what basis potentially eligible participants were identified 
(such as symptoms, results from previous tests, inclusion in registry)
	121

	
	
	8
	Where and when potentially eligible participants were identified (setting, location and dates)
	121

	
	
	9
	Whether participants formed a consecutive, random or convenience series
	121

	
	Test methods
	10a
	Index test, in sufficient detail to allow replication
	121

	
	
	10b
	Reference standard, in sufficient detail to allow replication
	121

	
	
	11
	Rationale for choosing the reference standard (if alternatives exist)
	121

	
	
	12a
	Definition of and rationale for test positivity cut-offs or result categories 
of the index test, distinguishing pre-specified from exploratory
	121

	
	
	12b
	Definition of and rationale for test positivity cut-offs or result categories 
of the reference standard, distinguishing pre-specified from exploratory
	121

	
	
	13a
	Whether clinical information and reference standard results were available 
to the performers/readers of the index test
	121

	
	
	13b
	Whether clinical information and index test results were available 
to the assessors of the reference standard
	121

	
	Analysis
	14
	Methods for estimating or comparing measures of diagnostic accuracy
	122-3

	
	
	15
	How indeterminate index test or reference standard results were handled
	NA

	
	
	16
	How missing data on the index test and reference standard were handled
	122

	
	
	17
	Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory
	NA

	
	
	18
	Intended sample size and how it was determined
	121

	
	
RESULTS
	
	
	

	
	Participants
	19
	Flow of participants, using a diagram
	107, 123-4

	
	
	20
	Baseline demographic and clinical characteristics of participants
	124
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