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1. Abstract 

1.1. Background: Colorectal cancer (CRC) screening with colonos- 

copy can decrease the incidence of CRC. However, in order to en- 

sure the optimal detection of polyps during colonoscopy, it is of 

paramount importance to achieve adequate bowel preparation. 

1.2. Aim: This retrospective controlled study compared the adequacy 

of bowel preparation delivered by a specialist endoscopy nurse to 

that delivered by an endoscopist. 

1.3. Results: Four-thousand-eight-hundred-and-seventy-seven sub- 

jects (85.0%) were in the Nurse group while 860 subjects (15.0%) 

were in the Endoscopist group. A total Boston Bowel Preparation 

Score ≥6 was achieved in 4721 of the 4877 (96.8%) subjects in the 

Nurse group when compared with 807 of the 860 (93.8%) subjects 

in the Endoscopist group (p<0.001). A total of 1624 of the 5737 

(28.3%) subjects had adenomas on colonoscopy. There was no sig- 

nificant difference in the adenoma detection rate in the Nurse group 

when compared with the Endoscopist group [1388/4877 (28.5%) vs. 

236/860 (27.4%), p=0.285]. There was also no significant difference 

in the total number of adenomas detected in the Nurse group when 

compared with the Endoscopist group [mean± standard deviation 

0.48±1.08 vs. 0.44±1.18, p=0.412]. 

1.4. Conclusion: Bowel preparation for colonoscopy was superior 

when delivered by a specialist endoscopy nurse. 

2. Introduction 

Colorectal cancer (CRC) is now one of the commonest cancers 

Worldwide and has an estimated risk of occurring in 1 of 18 persons 

during their life-time [1, 2]. It is the second leading cause of death 

in the United States, and is the fifth most common cause of death 

in China [3, 4]. 

In view of the high prevalence of CRC Worldwide, the United States 

Preventive Services Task Force recommended that CRC screening 

with either colonoscopy, computerized tomography colonography, 

sigmoidoscopy, double-contrast barium enema, high-sensitivity 

guaiac fecal occult blood testing or stool DNA testing should be 

commenced at the age of 50 [5, 6]. 

At the moment, colonoscopy is the gold standard for CRC screening 

and is the most widely used method for CRC screening in the Unit- 

ed States. This is because colonoscopy has been shown to correlate 

with decreased CRC incidence and deaths as it allows endoscopists 

to detect and remove pre-malignant polyps in the same setting [6-11]. 

However, adequate bowel preparation is one of the most important 

factors associated with the optimal visualization of bowel mucosa 

and detection of polyps during colonoscopy [6, 12]. Unsuccessful 

colonoscopy or failed colonoscopy, defined as a failure to intubate 

the cecum, can occur in 25-40% of the subjects with inadequate 

bowel preparation [13-15]. Inadequate bowel preparation is also as- 
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sociated with a reduced adenoma detection rate (ADR), an increased 

in procedure time, an increased risk of colonoscopy associated com- 

plications and reduced surveillance intervals [14-16]. 

Multiple factors such as inpatient status, advanced age, poly-pharma- 

cy, co-morbidities and, in particular, subject’s compliance with bowel 

preparation instructions, have been found to be associated with an 

increased rate of inadequate bowel preparation [14, 17, 18]. One of 

the reasons why many subjects do not follow bowel preparation in- 

structions was because they were unable to understand the instruc- 

tions provided to them [19]. They were also more likely to forget 

the bowel preparation instructions if the interval period between the 

time when the instructions were given and the colonoscopy appoint- 

ment was longer than 16 weeks [19-21]. 

As an acknowledgement of the importance of subjects’ compliance 

to bowel preparation instructions in determining the adequacy of 

bowel preparation for colonoscopy, guidelines have recommended 

that both oral and written instructions for all components of the 

colonoscopy preparation should be provided for all subjects under- 

going colonoscopy [22, 23]. 

In order to further improve bowel preparation, it has also been rec- 

ommended that all subjects should be made to understand the im- 

portance of adequate bowel preparation for colonoscopy [22, 23]. 

Therefore, in accordance with these recommendations [24], our Cen- 

ter assigned an endoscopist to explain to all subjects the procedure, 

dietary restrictions, amount of water, and, timing of ingestion of 

laxatives, to all our subjects undergoing colonoscopy as an outpatient 

from 2008 to 2011. 

However, as the number of subjects requiring colonoscopy increased 

over the years, our Center started to designate one specialist endos- 

copy nurse to undertake this role from 2012 onwards. The aim of 

this study was to determine the adequacy of bowel preparation in a 

specialist endoscopy nurse delivered bowel preparation instructions 

when compared with that delivered by an endoscopist. 

Table 1A: Written bowel preparation guidelines provided to all subjects. 

3. Methods 

3.1. Patients 

Subjects presented for CRC screening or symptoms of tenesmus, 

change in bowel habit, per rectal bleeding, abdominal discomfort/ 

pain located in the following abdominal regions: right lumbar, umbil- 

ical, left lumbar, right iliac, hypogastrium or left iliac region, mucous 

in stool, diarrhoea or constipation undergoing outpatient colonosco- 

py at The Center for Digestive Diseases from January 2008 to De- 

cember 2016 were included into this retrospective study. 

Patients who were under the age of 16, had chronic renal failure, 

mental impairment, illiteracy, those who were confined to their bed 

or chairs, those who had previous colonoscopy, or, those who were 

not medically suitable to undergo outpatient colonoscopy were ex- 

cluded from this study. In order to exclude any impact or effect of 

previous experience with colonoscopy had on the adequacy of bowel 

preparation, only colonoscopy naive subjects were included into this 

study. 

3.2. Bowel Preparation Instructions 

The subjects were given verbal and written instructions at the time 

of their clinic visit. The interview was conducted by the designated 

staff for 15-30 minutes in the clinic. Those who underwent colonos- 

copy from January 2008 to December 2011 received their dietary and 

bowel preparation instructions from an endoscopist (CKH) (Endos- 

copist group) while those who underwent colonoscopy from January 

2012 to December 2016 received their dietary and bowel preparation 

instructions from a designated specialist endoscopy nurse (Nurse 

group). 

All subjects received identical bowel preparation instructions (Table 

1A). They were all provided with written and oral instructions on the 

required dietary restrictions before the outpatient colonoscopy (Ta- 

ble 1B). All subjects were advised to start eating a low-fat, low-resi- 

due meal three days before the colonoscopy (Table 1B). 

 

Bowel Preparation Instructions 

1. Three days before the colonoscopy/examination, start eating low-fat, low-residue meals (please to Figure 1B). 

2. One day before the colonoscopy/examination, you should change to clear liquid meals. Continue to take medication prescribed by your doctor 

unless otherwise instructed. 

a. Breakfast and lunch: Only carbohydrate e.g. congee, white bread, rice noodles, macaroni or noodles. Please avoid meat. 

b. After lunch: Clear fluid diet such as water and broth. Avoid milk, soya milk and congee with meat. Please do not take solid food. 

(Clear liquid meal includes water, tea, coffee, broth, pulp free fruit juice, squash, carbonated drinks, water or clear soup. Avoid milk and alcohol). 

3. In the evening of the day before the colonoscopy/examination, i.e. at 6 p.m. to 8 p.m. (time) on (date) drink the first dose of Klean-Prep 

solution (Helsinn Birex Pharmaceuticals Ltd., Dublin, Ireland) [laxative] by mixing the laxative in 1 liter of water. 

4.       On the morning of the colonoscopy/examination, at around 7 a.m. to 9 a.m. (time) on (date) [timing of the second dose of Klean-Prep 

solution (Helsinn Birex Pharmaceuticals Ltd., Dublin, Ireland) will be adjusted by the staff instructing the subjects to be taken between a runway 

time of 4 to 6 hours before colonoscopy], drink the second dose Klean-Prep solution (Helsinn Birex Pharmaceuticals Ltd., Dublin, Ireland) [laxative] 

mixed in 1 liter water. 

5. Four hours before the colonoscopy/examination, you should stop eating. Only small sips of water are allowed. Diabetes drugs should be 

withheld on the day of examination. Other prescribed medicine can continue to be taken. 
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Table 1B: Written low-residue, low-fat diet sheet provided to all subjects. 
 

 Recommended Avoid 

Milk/Dairy/Drinks 
Water, coffee, tea, squash, pulp free fruit juice, carbonated 

drinks, broth, clear soups, jelly or cheese 
Dairy and alcoholic drinks 

 
Meat/Fish/Eggs 

Baked, broiled or boiled fish. Canned salmon or tuna. 

Tender or minced beef, lamb, veal, turkey, chicken or organ 

meat. Hard-cooked eggs 

Fried meat or fish, shellfish, highly spiced meat, strong 

cheeses and soft-cooked eggs 

Fruit/Vegetables Pulp free juices only All fruits, vegetables, salad, mushrooms and nuts 

 

Bread/Cereal/Starches 

White bread and rolls, saltine crackers or soda crackers 

Cooked or cold refined cereals. Potato (no skin), pasta or 

refined white rice 

All breads with seeds, whole grains or nuts. Breads 

or crackers made with whole grains or bran. 

Whole grain or bran cereals. Potato skin, brown rice, 

fried potatoes, potato chips, pancakes or waffles. 
 

A split dose Klean-Prep solution (Helsinn Birex Pharmaceuticals 

Ltd., Dublin, Ireland) was prescribed for all colonoscopies. The 

Klean-Prep solution (Helsinn Birex Pharmaceuticals Ltd., Dublin, 

Ireland) was divided into two portions, one sachet mixed with 1 liter 

(L) water administered in the evening prior to the colonoscopy (7 

p.m.) and the second sachet of Klean-Prep solution (Helsinn Birex 

Pharmaceuticals Ltd., Dublin, Ireland) mixed with another 1 L water 

was administered on the morning of the colonoscopy (to be taken 

between 7 a.m. to 9 a.m.). The timing of the second dose of Klean- 

Prep solution (Helsinn Birex Pharmaceuticals Ltd., Dublin, Ireland) 

was adjusted by the staff instructing the subjects to be taken within a 

runway time of 4-6 hours before colonoscopy appointment. Runway 

time was defined as the interval between the second dose of laxative 

to the start of colonoscopy. 

All colonoscopies were performed within 4 weeks after their clinic 

visit. The colonoscopies were performed between 11 a.m. to 3 p.m. 

in order to maintain an optimal runway time of 4-6 hours after the 

second dose of laxative. The staff (endoscopist or specialist endos- 

copy nurse) who conducted the first interview would telephone the 

subjects 4 days before the procedure to emphasize the dietary and 

bowel preparation again. 

3.3. Colonoscopy 

One experienced endoscopist (CKH) performed all the conventional 

white-light colonoscopy (Olympus, Tokyo, Japan) under conscious 

sedation with intravenous midazolam and pethidine as previously de- 

scribed [25]. The insertion time was defined as the interval between 

the start of colonoscopy and intubation into the cecum. Both the 

terminal ileal and appendiceal orifices were identified. A record of 

the insertion time, total number of polyps detected, size of polyps 

detected and location of the polyps were all documented. ADR was 

defined as the proportion of  subject1s in which at least one adenoma 

of bowel preparation [26-28]. An adequate bowel preparation was 

defined as a total BBPS score ≥6 while a segment BBPS score ≥2 was 

defined as adequate for that segment [28]. 

The BBPS was only conducted upon withdrawal of colonoscopy af- 

ter flushing and suctioning of fluid have been completed. The scor- 

ing was applied by colonic segments (right colon, transverse colon 

and left colon) and scored by numbered scores that included features 

such as staining, liquid and stool fragments [26-28]. The right colon 

included the cecum and ascending colon while the transverse colon 

includes the hepatic and splenic flexure. The left colon consisted of 

the descending colon, sigmoid colon and rectum [26-28]. 

The Institutional Review Board of the Center for Digestive Dis- 

eases approved this retrospective study (Protocol approval number 

CDD09-00003). 

The primary outcome was to determine the adequacy of bowel prepa- 

ration with a specialist endoscopy nurse delivered bowel preparation 

instructions. The secondary outcomes were to determine the ADR, 

the total number of adenomas and failure of cecal intubation with a 

specialist endoscopy nurse delivered bowel preparation instructions. 

3.4. Statistical Analysis 

All statistical analyses were performed using the SPSS software (IBM 

SPSS Statistics for Windows, Version 20.0, IBM Corp, Armonk, New 

York, USA). Mann–Whitney U-test was used for continuous vari- 

ables with skewed distribution and chi-square with Yates’ correction 

factor or Fisher's exact test for categorical variables. Continuous vari- 

ables were expressed as mean ± standard deviation. The effect of a 

specialist endoscopy nurse delivered bowel preparation instructions 

on the adequacy of bowel preparation, ADR, total number of adeno- 

mas detected and failed cecal intubation when compared with an en- 

doscopist delivered bowel preparation instructions were analyzed in 

a univariate analysis. All statistics were performed on the intention to 
was detected. This rate was c 

dergoing a colonoscopy. 

alculated using all subjects un- 
treat the population. Statistical significance was defined as P < 0.05 

(two-tailed). 

The quality of the bowel preparation was graded according to the 

Boston Bowel Preparation Scale (BBPS) by one endoscopist (CKH). 

The BBPS was routinely used scoring system in this Centre because 

it is a reliable and validated scoring system for assessing the adequacy 

4. Result 

4.1. Study Population 

A total of 5753 consecutive Chinese patients underwent outpatient 
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colonoscopy during the study period (Table 1). However, 16 of the 

5753 subjects (0.28%) had incomplete colonoscopy due to a malig- 

nant stricture or malignant mass preventing further advancement 

of the colonoscope, and so were excluded from the final analysis. 

Therefore, only 5737 subjects were included into the final analysis 

(Figure 1). 

Four thousand eight hundred and seventy seven of these 5737 sub- 

jects (85.0%) were in the Nurse group while 860 of these 5737 sub- 

jects (15.0%) were in the Endoscopist group (Figure 1). The charac- 

teristics of patients in the Nurse group and in the Endoscopist group 

are shown in (Table 2). There were no significant differences in the 

baseline characteristics between the two groups [all p=not significant 

(NS)]. 
 

 
 

 

Figure 1: Study population. 

 
Table 2: Baseline characteristics of subjects in the Nurse group and the Endoscopist group. 

 Nurse group (n=4877) Endoscopist group P-value 
Age, years 49.3 ± 10.2 49.2 ± 10.2 0.477 
Sex, M: F 2759:2118 478:382 0.307 
Presenting symptom:    

Diarrhoea, n (%) 1736 (35.6) 308 (35.8) 0.902 
Abdominal pain or discomfort, n (%) 779 (16.0) 131 (15.2) 0.584 
Colorectal cancer screening, n (%) 463 (9.5) 80 (9.3) 0.86 
Change in bowel habit, n (%) 341 (7.0) 56 (6.6) 0.609 

Constipation, n (%) 296 (6.1) 51 (5.9) 0.875 
Mucus in stool, n (%) 43 (0.9) 9 (1.0) 0.638 
Per rectal bleeding, n (%) 737 (15.1) 144 (16.7) 0.221 
Tenesmus, n (%) 482 (9.9) 81 (9.4) 0.673 
Body mass index (kg/m2) 24.0 ± 4.2 23.6 ± 4.0 0.647 
Diabetes mellitus:   0.299 
Yes 588 (12.1) 93 (10.8)  

No 4289 (87.9) 767 (89.2)  

Ischemic heart disease:   0.407 
Yes 481 (9.9) 77 (9.0)  

No 4396 (90.1) 783 (91.0)  

History of abdominal surgery:   0.52 
Yes 619 (12.7) 116 (13.5)  

No 4258 (87.3) 744 (86.5)  

Continuous variables were expressed as mean ± standard deviation. 

BBPS- Boston Bowel Preparation Scale 
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4.2. Adequacy of Bowel Preparation 

A total BBPS score ≥6 was achieved in 4721 of the 4877 (96.8%) 

subjects in the Nurse group when compared with 807 of the 860 

(93.8%) subjects in the Endoscopist group (p<0.001). 

When each of the three segments were compared individually, 4662 

of the 4877 (95.6%) subjects in the Nurse group when compared 

with 792 of the 860 (92.1%) subjects in the Endoscopist group had 

a BBPS score ≥2 in the right colon (p<0.001). 

And in the transverse colon, 4680 of the 4877 (96.0%) subjects in the 

Nurse group when compared with 798 of the 860 (92.8%) subjects 

in the Endoscopist group had a BBPS score ≥2 (p<0.001). 

Finally, 4780 of the 4877 (98.0%) subjects in the Nurse group when 

compared with 817 of the 860 (95.0%) subjects in the Endoscopist 

group had a BBPS score ≥2 in the left colon (p<0.001). 

4.3. Total and Separate Segments Adrs were Similar in Both 

Groups 

A total of 1624 of these 5737 (28.3%) subjects had adenomas detect- 

ed on colonoscopy. In the Nurse group, 1388 of the 4877 (28.5%) 

subjects had adenomas detected on colonoscopy while 236 of the 

860 (27.4%) subjects in the Endoscopist group had adenomas detect- 

ed on colonoscopy. There was no significant difference in the ADR 

between the Nurse group and the Endoscopist group (p=0.285). 

In the right colon, adenomas were detected on colonoscopy in 432 

of the 4877 (8.9%) subjects in the Nurse group when compared with 

62 of the 860 (7.2%) subjects in the Endoscopist group (p=0.114). 

Furthermore, 468 of the 4877 (9.6%) subjects in the Nurse group 

when compared with 69 of the 860 (8.0%) subjects in the Endosco- 

pist group had adenomas detected on colonoscopy in the transverse 

colon (p=0.162). Finally, 809 of the 4877 (16.6%) subjects in Nurse 

group when compared with 149 of the 860 (17.3%) subjects in the 

Endoscopist group had adenomas detected in the left colon on colo- 

noscopy (p=0.586). 

4.4. Total Number of Adenomas Detected 

A total number of 2710 adenomas were detected in our study pop- 

ulation. Two thousand three hundred and twenty-eight adenomas 

were detected in the 4877 subjects in the Nurse group when com- 

pared with 382 adenomas detected in the 860 subjects in the Endos- 

copist group (p=0.073). 

The mean ± standard deviation number of adenomas detected in 

the Nurse group was 0.48±1.08 while in the Endoscopist group, 

the mean ± standard deviation number of adenomas detected was 

0.44±1.18 (p=0.412). 

4.5. Failed Cecal Intubation 

Cecal intubation was unsuccessful in 16 of the 5737 (0.3%) of the 

subjects. There was no significant difference in the failed cecal intu- 

bation rate when the Nurse group was compared with the Endosco- 

pist group [13/4877 (0.3%) vs. 3/860 (0.3%), p= 0.722]. 

5. Discussion 

One of the main reasons for inadequate bowel preparation is the 

patient’s lack of understanding on the importance of adequate bowel 

preparation for colonoscopy. This lack of understanding also occurs 

in medical staffs that have never performed or assisted in colonos- 

copy. This is because they do not understand that an optimal bowel 

preparation is the most important factor associated with a decreased 

in the incidence of missed lesions during colonoscopy and a higher 

rate of ADR [1, 17, 24]. 

This is why a physician delivered bowel preparation instructions can 

improve the adequacy of bowel preparation for colonoscopy [18, 20, 

24]. However, as more and more countries advocate commencing 

CRC screening on their population at the age of 50, the demand 

for colonoscopy will steadily increase. This increased in demand for 

colonoscopy will make an endoscopist delivered bowel preparation 

instructions to be cost-inefficient as it would decrease the amount of 

time available for an endoscopist to perform colonoscopy as he or 

she would need to spend time delivering bowel preparation instruc- 

tions. 

Therefore, there is an urgent necessity to develop an alternate meth- 

od to an endoscopist delivered bowel preparation instructions in or- 

der to fully utilize the skills and time of an endoscopist to perform 

colonoscopy, rather than in delivering bowel preparation instruc- 

tions. This will, hopefully, enable the waiting time for colonoscopy 

to be shortened while maintaining an optimal bowel preparation in 

those undergoing colonoscopy. 

As a lack of confidence in the education level of nurses or visiting 

physicians has been found to affect the education of the subject or 

patient [20, 24], our Center decided to replace our endoscopist de- 

livered bowel preparation instructions with a specialist endoscopy 

nurse. This is because we believed that having a specialist endoscopy 

nurse who is assisting in colonoscopy can help to maintain both the 

confidence of our subjects and also the quality of the bowel prepa- 

ration. 

Our Center adopted a total BBPS score ≥6 and a segment BBPS 

score ≥2 as definition of adequate bowel preparation because this 

total BBPS score and segment BBPS score have been validated to 

allow endoscopists to confidently recommend to patients that a next 

follow-up endoscopy 10 years later should be adequate. Additionally, 

a total BBPS score ≥6 and a segment BBPS score ≥2 have also been 

shown to facilitate the detection of adenomas <5 mm in size [27, 

29, 30]. 

The 96.8% who achieved a total BBPS score ≥6 in the Nurse group 

was significantly higher than that in the Endoscopist group. This 

showed that not only is bowel preparation instructions delivered by 

a specialist endoscopy nurse non-inferior to one delivered by an en- 

doscopist, it is even superior. 

Additionally, this 96.8% with adequate bowel preparation in the 
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Nurse group is comparable to the 97% and 96.7% with adequate 

bowel preparation determined in two previous studies [24, 31]. This 

is despite the fact that these studies adopted a less stringent total 

BBPS score ≥5 as a definition of adequate bowel preparation [24, 

31]. So, even with a stricter definition of adequate bowel preparation 

defined as a total BBPS score ≥6 rather than ≥5 as adopted by Shieh 

et. al. and Adler et. al., bowel preparation instructions delivered by a 

specialist endoscopy nurse can still be comparable with the rate of 

adequate bowel preparation reported previously [24, 31]. 

Even when each segment BBPS score was analyzed individually, 

the Nurse group still achieved a significantly higher adequate bowel 

preparation rate in the right, transverse and left sided colon, respec- 

tively (all p< 0.05). This has an added importance as studies have 

shown a lack of difference in the adequacy of bowel preparation in 

the right colon reflecting the difficulty faced by all endoscopists in 

achieving an adequate bowel preparation in the right colon despite 

the multi-modalities employed Worldwide. 

This lower incidence of adequate bowel preparation in the right 

colon may also be the reason why colonoscopy is less effective in 

decreasing the incidence of tumors in the proximal colon when com- 

pared with the distal colon [32]. Hopefully, with an improved rate 

of adequate bowel preparation in the right colon, endoscopist can 

increase the detection of adenoma in the right colon. 

The reason for a better outcome achieved with a specialist endoscopy 

nurse delivered bowel preparation instructions may be due to the 

simple fact that subjects may feel less intimidated by the nurse. They 

may be more likely to ask the nurse the same question repeatedly 

without feeling shy or awkward, and, clarify simple points in the bow- 

el preparation instructions that they do not understand. 

This study did not show a difference in the total ADR, segment ADR 

or total number of adenomas detected because the rate of adequate 

bowel preparation achieved in both groups were high. Even in the 

Endoscopy group, a total BBPS score ≥6 was achieved in 93.8% of 

the subjects. While in the right colon, 92.1% of those in the Endos- 

copy group had a segment BBPS score ≥2. 

With such a high rate of adequate bowel preparation in the right 

colon even in the Endoscopy group, the possibility of missing small 

adenomas in the right colon in this group is low. This may be the 

reason why this study was unable to demonstrate a difference in total 

and individual segments ADRs in the two groups, despite achieving a 

higher whole colon and individual segment adequate bowel prepara- 

tion rate in the Nurse group. 

This study demonstrated that bowel preparation instructions deliv- 

ered by a specialist endoscopy nurse should be considered as it can 

help to achieve more adequate bowel preparation while maintaining 

the ADR and total number of adenomas detected on colonoscopy. 

However, this study does have its limitations. Firstly, instead of a 

randomized controlled study, we only employed a historical control 

group. As the baseline characteristics between the two groups were 

comparable (Table 2), there may not be any obvious bias between the 

two groups of subjects. Secondly, subjects undergoing CRC screen- 

ing and symptomatic subjects were both included into the study. 

Those with symptoms may be more likely to adhere to bowel prepa- 

ration instructions than asymptomatic subjects undergoing CRC 

screening. But, as the number of subjects with symptoms, the type 

of symptoms and number of CRC screening in the two groups were 

comparable (Table 2), one may assume that no bias had occurred. 

In conclusion, a specialist endoscopy nurse delivered bowel prepara- 

tion instructions is not only non-inferior to one delivered by endos- 

copist, it can be superior in improving the overall quality of bowel 

preparation in outpatients undergoing colonoscopy. 
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