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Abstract 10 

Background: To evaluate the effect of using linaclotide as an adjunctive agent with 3L 11 

polyethylene glycol (PEG) for bowel preparation among patients with Bristol stool 12 

form (BSFS) 1-2. 13 

Methods: Patients with BSFS 1-2 randomly received either 3L PEG (group A) or 14 

linaclotide plus 3L PEG (group B), patients with BSFS 3-7 received 3L PEG (group C) 15 

for bowel preparation. The primary outcome was the rate of adequate bowel preparation. 16 

The secondary endpoints were the polyp detection rate (PDR), acceptability and 17 

tolerability. 18 

Results: A total of 315 patients who underwent colonoscopy were enrolled. In per-19 

protocol analysis, patient in group B attained significantly satisfactory bowel 20 

preparation rate than group A (77.9% vs 61.8%, PAB=0.049). The PDR in group B was 21 

significantly higher than group A (32.7% vs 15.7%, PAB=0.004), especially in 22 

rectosigmoid (25.0% vs 8.8%, PAB=0.002). 23 

Conclusion: 3L PEG plus 290ug Linaclotide can significantly improve the quality of 24 

bowel preparation and the colorectal polyp detection rate in patients with BSFS 1-2. 25 

The bowel preparation regimen is an effective and well-tolerated bowel preparation 26 

regimen. 27 

Trial registration: The study was registered at Chinese ClinicalTrials.gov 28 

(ChiCTR2100050437, 27/8/2021) 29 
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Background 31 

  Colonoscopy is considered as the diagnostic gold standard for early detection of 32 

colorectal lesions, such as adenoma, polyp, and early colorectal cancer, which has 33 

shown great potential to reduce colorectal cancer incidence by removal of these 34 

lesions[1]. However, adequate bowel preparation is an essential factor for detection of 35 

colorectal neoplasia and to minimize the risk of missed lesions and post-colonoscopy 36 

colorectal cancer. Inadequate bowel cleaning will lead to the lower colorectal adenoma 37 

rate, longer procedural time of colonoscopy, shorter interval between examinations and 38 

increase risk of colonoscopy-related adverse events[2][3]. In clinical practice, up to 10-39 

35% of all colonoscopy procedures are affected by inadequate bowel preparation[4]. 40 

The risk factors of inadequate bowel preparation include chronic constipation, BMI> 41 

25kg/m2, colorectal surgery history, and diabetes, et al[5][6]. Identification of risk 42 

factors for inadequate bowel preparation will have the potential benefit of screening 43 

patients who need more intensive bowel preparation. Previous studies have established 44 

three models to predict inadequate bowel preparation[7][8][9]. However, these models 45 

are complex and not suitable for clinical practical. In clinical practice, clinicians are 46 

more used to assess the risk of bowel preparation failure by peoples’ bowel habits, such 47 

as stool form and frequency. Some studies have found that stool form and frequency 48 

correlate with whole-gut and colonic transit[10][11]. Bristol stool form (BSFS) 1-2[12] 49 

and stool frequency <3 times per-weekly[13][14] were risk factors for inadequate 50 

bowel preparation. However, stool frequency was correlated poorly with all transit[10]. 51 

Stool form measured by the BSFS to guide personalized bowel preparation is easy to 52 

be identified and can better predict the quality of bowel preparation[15]. 53 

  Clinical guidelines[7] suggest that additional special regimen or supplemental 54 

treatment for people with risk factors of bowel preparation failure. Polyethylene glycol 55 

(PEG) is the preferred bowel preparation agent for colonoscopy. It is a highly effective, 56 

safe and well-tolerated oral isotonic solution. A previous study found that high-volume 57 

PEG or low-volume PEG plus adjunctive agents can provide high-quality bowel 58 



 

 

 

preparation[16]. However, due to the large volume of bowel preparation, it will reduce 59 

patients compliance, acceptability, and willingness to repeat the procedure[17]. Low-60 

volume PEG plus bisacodyl was confirmed to be an effective strategy for bowel 61 

preparation, but it often damaged the mucosa. The ideal bowel preparation should be to 62 

clean the colon without damaging the mucosa or causing fluid or electrolyte imbalance. 63 

Moreover, it should minimize the discomfort of patients. 64 

Linaclotide is a guanylate cyclase-C agonist which acts on the luminal surface of the 65 

entire intestinal epithelium, stimulating secretion of chloride and bicarbonate into the 66 

intestinal lumen, resulting in increasing intestinal fluid and increase motility. It is a 67 

Food and Drug Administration (FDA) approved medicine that mainly used to treat 68 

constipation-predominant irritable bowel syndrome (IBS-C) and chronic idiopathic 69 

constipation[18]. A previous study found that single-dose Linaclotide could achieve 70 

intestinal cleaning similar to 2L PEG before capsule endoscopy[19]. Another study 71 

showed that 2L PEG plus single-dose linaclotide was an effective and well tolerated 72 

bowel preparation regimen than 4L PEG[20]. These studies showed that linaclotide can 73 

be used as an effective adjunctive agent to provide high-quality bowel preparation. 74 

However, no study has evaluated the effect in patients with high-risk factors of 75 

inadequate bowel preparation. 76 

The purpose of this study was to evaluate the effect of using linaclotide as an 77 

adjunctive agent with 3L PEG for bowel preparation based on Bristol stool form (BSFS). 78 

 79 

Methods 80 

Patients’ subjects 81 

This was a prospective, single-blinded, randomized, controlled study. Adult 82 

outpatients (aged from 18 to 80) who underwent colonoscopy were enrolled in Tongji 83 

Hospital. Exclusion criteria were as follows: (1) history of colorectal surgery; (2) severe 84 

heart failure (New York Heart class II-IV); (3) chronic renal failure (stage 2-5) or 85 

mental disorder; (4) history of taking linaclotide within 7 days or known linaclotide 86 

allergy; (5) patients who were participating in other clinical trials; (6) patients who did 87 



 

 

 

not provide written informed consent. This study was performed with the approval of 88 

the Ethical Committees in accordance with the Declaration of Helsinki, and the 89 

informed consents were obtained. The study was registered at Chinese 90 

ClinicalTrials.gov (ChiCTR2100050437, 27/8/2021) 91 

 92 

Preparation regimens 93 

At the beginning of enrollment, each patient reported the main stool form he/she 94 

defecated in last 7 days according to the BSFS chart. At the time of the colonoscopy 95 

appointment, patients with BSFS 1-2 were randomized into either group A or B, and 96 

patients with BSFS 3-7 were assigned to group C. 97 

3L PEG was a routine bowel preparation protocol for patients who underwent 98 

colonoscopy in our endoscopic center. Patients assigned to group A and C received 99 

routine bowel preparation protocol (3L PEG). At 10:00 pm before colonoscopy, two 100 

sachets of PEG were dissolved in 2L warm water and were drunk within 1h. At 5:00 101 

am on the day of colonoscopy, another sachet was dissolved in 1L warm water and was 102 

drunk within 30 minutes. Patients in group B were asked to take single-dose Linaclotide 103 

(290ug) at 8:00 pm the day before colonoscopy and take 3L PEG the same as patients 104 

in group A and C. All colonoscopies were performed at 9:00-12:00 am. All patients 105 

were provided with written instructions describing the dietary restrictions and the 106 

method of bowel preparation. 107 

 108 

Outcome measures  109 

The primary outcome measure was quality of bowel preparation assessed using the 110 

Ottawa Bowel Scale (Ottawa) score[21]. The preparation of each colonic segment, 111 

divided into the right colon (cecum and ascending colon), the mid colon (transverse and 112 

descending colon) and rectosigmoid colon was rated from 0 to 4. The worst cleanliness 113 

score was 4 points. The volume of colonic fluid was rated from 0 to 2 for the entire 114 

colon. The maximum volume of fluid score was 2 points. A summary score was then 115 

obtained from the individual parameters. We defined each segment Ottawa score ≤ 1 116 



 

 

 

and the total score ≤ 4 as high-quality bowel preparation, each segment Ottawa score ≤ 117 

2 and the total score ≤ 6 as satisfactory bowel preparation, and each segment Ottawa 118 

score ≥ 3 or the total score ≥ 7 as failure bowel preparation. 119 

Secondary outcome measure included the polyp detection rate (PDR), patients’ 120 

acceptability and tolerability, and incidence of adverse events. 121 

 122 

Statistical analysis  123 

In our endoscopic center, the rate of adequate bowel preparation in patients with 124 

BSFS 1-2 was about 60%. Based on assumptions of α = 0.05 and β = 0.1, we calculated 125 

that at least 105 patients in each group were need to detect a statistically significant 126 

difference between group A and group B with a two-tailed. Achieving a 1:1:1 ratio in 3 127 

groups, we estimated that a total of 315 patients would be adequate to detect a 128 

significant difference in the primary endpoint. 129 

SPSS 26.0 was used for the statistical analysis (SPSS, Chicago, IL). Continuous 130 

variables were expressed as means with standard deviation (SD) and analyzed using 131 

one-way ANOVA, and t-test. Categorical variables were analyzed using the person chi-132 

square test. A P-value <0.05 was considered statistically significant. 133 

 134 

Results  135 

Baseline characteristics  136 

A total of 315 patients who underwent colonoscopy were enrolled. 210 patients with 137 

BSFS 1-2 were randomized into either group A (n=105) or group B (n=105). Patients 138 

with BSFS 3-7 were enrolled into group (n=105). A total of 7 patients cancelled their 139 

appointments after randomization. Finally, there were 102, 104 and 102 patients going 140 

colonoscopy in group A, B and C, respectively (Fig 1). There were no significant 141 

differences among 3 groups upon the baseline characteristics, except that the proportion 142 

of female patients (P=0.000) and the proportion of patients with constipation (P=0.000) 143 

in group A and B were both much higher than those in group C (Additional file 1: Table 144 

S1). 145 



 

 

 

 146 

Quality of bowel preparation 147 

Bowel preparation quality was scored and summarized in Additional file 2: Table S2. 148 

Compared with group A, patients in group B and C obtained significantly lower Ottawa 149 

scores at each colon segment (PAB< 0.05, PAC< 0.05). There was no significantly 150 

difference between group B and group C at each colon segment (PBC>0.05). The 151 

volume of colonic fluid score for the entire colon in group B and group C was 152 

significantly lower than that in group A (1.5 ± 0.6 vs 1.2 ± 0.5, PAB=0.001, 1.5 ± 0.6 vs 153 

1.0 ± 0.6, PAC=0.000). The volume of colonic fluid score for the entire colon in group 154 

C was significantly lower than that in group B (1.2 ± 0.5 vs 1.0 ± 0.6, PBC=0.027). Total 155 

Ottawa scores evaluated of patients in group B and C were significantly lower than that 156 

in group A (5.9 ± 1.9 vs 4.8 ± 1.5, PAB=0.000, 5.9 ± 1.9 vs 4.5 ± 2.1, PAC=0.000), 157 

However, there was no significantly difference between group B and group C (5.9 ± 158 

1.9 vs 4.5 ± 2.1 vs 4.5 ± 2.1, PBC=0.438).  159 

The satisfactory bowel preparation rate in group B and C were significantly higher 160 

than group A (77.9% vs 61.8%, PAB=0.049, 81.3% vs 61.8%, PAC=0.012). There was 161 

no significantly difference between group B and group C (77.9% vs 81.3%, PBC=0.564). 162 

Furthermore, the high-quality bowel preparation rate in group B also was significantly 163 

higher than group A (21.2% vs 9.8%, PAB=0.025), which is similar with group C (21.2% 164 

vs 22.5%, PBC=0.081).  165 

 166 

Outcomes of colonoscopy  167 

The colorectal polyp detection rate (PDR) in group B and C were significantly higher 168 

than that in group A (32.7% vs 15.7%, PAB=0.004, 36.3% vs 15.7%, PAC=0.001). The 169 

colorectal polyp detection rate was similar between group B and C (32.7% vs 36.3%, 170 

PBC=0.463). Considering the size of polyps, there were no significantly difference 171 

among 3 groups (P>0.05). Considering the location of colorectal polyps, the PDR of 172 

rectosigmoid was significantly higher in group B and C than group A (25.0% vs 8.8%, 173 

PAB=0.002, 33.3% vs 8.8%, PAC=0.000), in other segments were similar (P>0.05) 174 



 

 

 

(Additional file 3: Table S3). 175 

 176 

Patients’ acceptability and complications 177 

The acceptability and complications are presented in Additional file 4: Table S4. The 178 

acceptability was similar between group A, group B and group C (P=0.895). The 179 

complications included nausea, vomiting, bloating and abdominal pain. There were not 180 

significantly different among 3 groups (P=0.116).  181 

 182 

Discussion  183 

The bowel preparation quality is an essential factor affecting the quality of 184 

colonoscopy examination, such as colorectal adenomas detection rate, duration of 185 

colonoscopy, interval between taking colonoscopy examinations and risk of 186 

colonoscopy related adverse events. In our study, compared with the routine scheme 187 

(3L PEG), the intensive scheme (3L PEG + Linaclotide) obtained lower Ottawa scores 188 

in terms of the both whole colon and each colon segment in patients with BSFS 1-2, 189 

and achieved the similar bowel preparation quality to routine scheme (3L PEG) in 190 

patients with BSFS 3-7. 191 

Clinical guidelines[7] recommend that a special regimen or supplemental treatment 192 

for bowel preparation in patients with high risk factors. Low-volume PEG (2L) plus 193 

adjunctive agents (such as bisacodyl, ascorbate and magnesium citrate) can provide 194 

high-quality bowel preparation. However, these adjunctive agents are limited by their 195 

side effects and contraindications. Linaclotide has high security, few clinical 196 

complications and minimal systemic absorption and can increase active secretion of 197 

small intestinal juices and colonic transit speed. We found that the Ottawa scores for 198 

the total and segment colons, the bowel preparation efficiency of 3L PEG + Linaclotide 199 

were superior to that of 3L PEG in patients with BSFS 1-2 (P=0.000), and which is 200 

similar in patients with BSFS 3-7 (P=0.438). The rate of adequate bowel preparation in 201 

group B was similar to that in group C (77.9% vs 81.3%, P=0.564), and superior than 202 

that in group A (77.9% vs 61.8%, P=0.049). A previous study showed that the bowel 203 



 

 

 

preparation quality of 2L PEG +linaclotide were superior to that of 2L PEG (91.4% vs 204 

77.0%, P=0.001)[20]. It was comparable to the 70%-91% efficacy rate reported for 205 

other adjunctive agents combined with low-volume[22][23]. We demonstrated the 206 

ability of 3L PEG + Linaclotide in improving bowel preparation quality before 207 

colonoscopy, and achieve the similar results as using other adjunctive agents. We 208 

consider that PEG works as an osmotic laxative and Linaclotide is a GC-C receptor 209 

agonist, the combination of these two drugs may promote their individual effect on 210 

bowel preparation through two different mechanisms.  211 

The adenoma detection rate (ADR) has emerged as the most important quality 212 

measure in colonoscopy[24]. The risk of missing colorectal adenomas is expected to be 213 

particularly high in case of inadequate bowel preparation, a problem commonly 214 

encountered in routine practice[25]. In our study, total colorectal PDR of group B were 215 

higher than that of group A (32.7% vs 15.7%, P=0.004), which was similar to that of 216 

group C (32.7% vs 36.3%, P=0.463). However, the polyps detection rate was lower 217 

than other researches (37%-43%)[26][27]. It may be that in the practice of colonoscopy, 218 

the withdrawal time of colonoscopy by endoscopists was less than 6 minutes, which is 219 

recommended by the guidelines. Considering the location of polyp, we found that the 220 

rectosigmoid colon PDR of group B were higher than that of group A (25.0% vs 8.8%, 221 

P=0.002). Previous studies also showed that a significant miss rates of adenomas 222 

located in the proximal if bowel preparation is not adequate[3][25]. No matter how, 223 

improving the bowel preparation quality may significantly improve the PDR, especially 224 

in the rectosigmoid. 225 

The patients’ tolerability and willingness to repeat colonoscopies depend on the 226 

complications of the bowel reparation regimen. In our study, the incidence of 227 

complications (such as nausea, vomiting and abdominal distension) were similar among 228 

three groups. According to some clinical trials[28][29], Linaclotide is effective, safe, 229 

and well tolerated in IBS-C and chronic constipation patients.  230 

There are some limitations in our study. First, this is a single center and small sample 231 

size study, which may limit the generalizability of these results. Secondly, we calculated 232 



 

 

 

the polyp detection rate (PDR) instead of the adenoma detection rate (ADR). Thirdly, 233 

the routine bowel preparation protocol is 3L PEG in our center, and the pre-experiment 234 

found that the rate of adequate bowel preparation in patients with BSFS 1-2 was about 235 

60%. Therefore, our study was designed based on the routine bowel preparation 236 

protocol (3L PEG) plus Linaclotide. However, previous studies used 2L PEG plus 237 

additional as an intensive bowel preparation. In the future, we will further explore the 238 

bowel preparation quality between 2L PEG plus Linaclotide and 3L PEG bowel 239 

preparation protocols. 240 

 241 

Conclusions 242 

In summary, our study implies that 3L PEG plus 290ug Linaclotide can significantly 243 

improve the quality of bowel preparation and the colorectal polyp detection rate, 244 

especially the proximal colon polyps. 3L PEG plus 290ug Linaclotide is an effective 245 

and well-tolerated bowel preparation regimen. 246 

 247 
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