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Abstract
AIM: To evaluate the impact of reporting bowel 
preparation using Boston Bowel Preparation Scale 
(BBPS) in clinical practice.
 
METHODS: The study was a prospective observational 
cohort study which enrolled subjects reporting for 
screening colonoscopy. All subjects received a gallon 
of polyethylene glycol as bowel preparation regimen. 
After colonoscopy the endoscopists determined quality 
of bowel preparation using BBPS. Segmental scores 
were combined to calculate composite BBPS. Site and 
size of the polyps detected was recorded. Pathology 
reports were reviewed to determine advanced adenoma 
detection rates (AADR). Segmental AADR’s were 
calculated and categorized based on the segmental 
BBPS to determine the differential impact of bowel prep 
on AADR. 

RESULTS: Three hundred and sixty subjects were 
enrolled in the study with a mean age of 59.2 years, 
36.3% males and 63.8% females. Four subjects with 
incomplete colonoscopy due BBPS of 0 in any segment 
were excluded. Based on composite BBPS subjects 
were divided into 3 groups; Group-0 (poor bowel prep, 
BBPS 0-3) n  = 26 (7.3%), Group-1 (Suboptimal bowel 
prep, BBPS 4-6) n  = 121 (34%) and Group-2 (Adequate 
bowel prep, BBPS 7-9) n  = 209 (58.7%). AADR showed 
a linear trend through Group-1 to 3; with an AADR 
of 3.8%, 14.8% and 16.7% respectively. Also seen 
was a linear increasing trend in segmental AADR with 
improvement in segmental BBPS. There was statistical 
significant difference between AADR among Group 
0 and 2 (3.8% vs  16.7%, p  < 0.05), Group 1 and 2 
(14.8% vs  16.7%, p  < 0.05) and Group 0 and 1 (3.8% 
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vs  14.8%, p < 0.05). χ 2 method was used to compute 
p  value for determining statistical significance.

CONCLUSION: Segmental AADRs correlate with 
segmental BBPS. It is thus valuable to report segmental 
BBPS in colonoscopy reports in clinical practice. 

Key words: Colorectal cancer screening; Adenomas; 
Polyps; Boston Bowel Preparation Score
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Core tip: Bowel preparation quality determines the yield 
of colonoscopy. Most endoscopists continue to use the 
subjective systems of reporting bowel preparation. 
Boston Bowel Preparation Score (BBPS) helps to 
understand segment-specific risks for missed pathology 
based on the degree of bowel cleanliness. Our study 
showed that segmental Advanced Adenoma detection 
rate correlate with segmental BBPS. Segmental 
reporting will help in careful examination during repeat 
colonoscopy of segments with poor or sub-optimal BBPS 
on previous colonoscopy, in determining appropriate 
surveillance interval and the procedure for surveillance 
and in determining appropriate interventions to improve 
bowel preparation for colonoscopy in future.
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INTRODUCTION 
Colorectal cancer is the third most common cancer 
and the third leading cause of cancer related death in 
the United States[1]. It has been postulated that with 
increase in colorectal screening rates, risk reduction 
and availability of newer chemotherapeutic agents 
will likely reduce the colorectal cancer mortality rates 
in the United States by 50% by 2020[2]. Five year 
survival rates for colorectal cancer survival can be 
highly dependent upon stage of cancer at diagnosis, 
and can range from 90% for cancers detected at the 
localized stage; 70% for regional; to 10% for people 
with metastatic cancer[3,4].

Multiple risk reduction, prevention and early 
detection strategies have led to declining rates in 
colorectal cancer (CRC) incidence and mortality[5]. 
Colonoscopy is the only test which can target 
prevention through the detection and removal of 
adenomatous polyps. Removal of polyps during 
colonoscopy has been shown to have predominantly 
indirect, but convincing evidence in prevention of 

CRC[6-8]. Bowel preparation is an important factor that 
determines the yield of colonoscopy and suboptimal 
preparation is associated with missed lesions[9]. Bowel 
preparation should be tolerable, effective without 
any side effects or changes in colonic mucosa[10-12]. 
Unfortunately, most of the currently available bowel 
preparations have some limitations[11-13].

Colonoscopies with suboptimal bowel prep quality 
are likely to have higher rates of missed lesions and 
there is a dire need for uniform and more efficient 
reporting of bowel preparation during colonoscopies. 
Interventions to increase bowel preparation quality 
utilizing visual aids (cartoons and photographs), 
simplified written materials and in-person and 
telephone counseling have resulted in mixed findings, 
but show promise in certain populations[14,15].

The Boston Bowel Preparation Score (BBPS) 
score was developed by Boston Medical Centre 
section of gastroenterology to provide a standardized 
score to rate the quality of bowel preparation 
during colonoscopy which can be used for clinical 
practice, quality assurance and outcome research in 
colonoscopy[16]. Three segments of colon are given a 
rating based on its cleanliness and the three section 
scores are added together for a BBPS score[16]. The 
scale is valid and demonstrates good inter and intra-
rater reliability[16].

The efficiency of colonoscopy as a CRC screening 
method depends on the quality of bowel preparation. 
The interpretation of colonoscopy results depends on 
looking at the bowel preparation in addition to other 
findings. It is common for endoscopists to use the 
subjective systems of reporting bowel preparation 
which have high inter-observer variability. This study 
was designed to evaluate the impact of reporting 
bowel preparation using Boston Bowel Preparation 
Scale in clinical practice.

MATERIALS AND METHODS
Study objective
To determine advanced adenoma detection rate (AADR) 
in relation to segmental and composite BBPS’s during 
colonoscopy.

Study design
The study was a prospective observational cohort 
study conducted at an urban teaching hospital. The 
study was approved by the Institutional Review Board.

Inclusion/exclusion criteria
Consecutive patients presenting for average risk 
screening colonoscopy were enrolled in the study. 
Subjects having colonoscopy for evaluation of 
symptoms and personal history of colon cancer, 
inflammatory bowel disease or colon surgery for any 
reason were excluded. Patients who were unable to 
comply with the preparation instructions were excluded. 
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Bowel preparation
All subjects received clear liquid diet the day before 
colonoscopy and a gallon of polyethylene glycol as 
bowel preparation the evening prior to colonoscopy. 

Study method
Study was an observational study and no intervention 
or deviation from standard practice protocols for 
patients were done for the study purposes. All subjects 
were asked questions to determine that they met 
inclusion and exclusion criteria for participation in 
study. All study participants, or their legal guardian, 
provided informed verbal consent prior to study 
enrolment. All colonoscopies were performed by 
either board certified gastroenterology physicians or 
gastroenterology fellows under direct supervision of 
the board certified gastroenterology physicians. Before 
enrolling patients into the study all endoscopists 
involved were in serviced on boston bowel preparation 
score and scoring cards were made available in each 
endoscopy suite. BBPS was categorized as described 
by Lai et al[16]: 0: Unprepared colon segment with 
mucosa not seen due to solid stool that cannot be 
cleared; 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; 2: minor amount of residual staining, small 
fragments of stool and/or opaque liquid, but mucosa 
of colon segment seen well; and 3: Entire mucosa of 
colon segment seen well with no residual staining, 
small fragments of stool or opaque liquid.

For the purpose of study, the colon was divided into 
three segments- Right (R) (Caecum and Ascending 
Colon), Transverse (T) (Hepatic Flexure, Transverse 
Colon and Splenic flexure) and Left (L) (Descending 
colon, Sigmoid colon and Rectum). A research 
associate was present during each procedure to 
record the BBPS reported by the endoscopist in each 
segment during the procedure (R-0/1/2/3, T-0/1/2/3, 
L-0/1/2/3). Segmental scores were combined to 
calculate the composite BBPS. Based on Composite 
BBPS, subjects were divided into three groups: Group 
0- Composite BBPS 0-3, Poor bowel preparation; 
Group 1- Composite BBPS 4-6, Sub-optimal bowel 
preparation; and Group 2 - Composite BBPS 7-9, 
adequate bowel preparation.

As per national guidelines all procedures had a 
minimal withdrawal time of 6 minutes. Also the site, 
size and number of polyps were recorded during the 
procedure. High definition endoscopes were used for 
the colonoscopy of all enrolled subjects. Pathology 
report of each polyp was followed to determine 
segmental and combined AADR. The advanced 
adenoma bridges benign and malignant states and 
may be the most valid neoplastic surrogate marker for 
present and future colorectal cancer risk[17]. Advanced 
adenoma was defined as 3 or more adenomatous 
polyps, polyps greater than or equal to 10 mm or 

histologically having high-grade dysplasia or significant 
villous components. 

Endpoint
To determine the association between AADR and 
quality of bowel preparation by using segmental and 
composite BBPS during colonoscopy.

Statistical analysis
Microsoft Excel software for Windows version 2010 was 
used. Cross tables with χ 2 test were used to compare 
differences among groups.

RESULTS
The statistical review of the study was done by one 
of the authors with biomedical research experience. 
Three hundred and sixty subjects were enrolled in the 
study. Mean age was 59.2 years, gender distribution 
was 36.3% males and 63.8% females. Four subjects 
with incomplete colonoscopy due BBPS of 0 in any 
segment were excluded. Based on composite BBPS 
subjects were divided into 3 groups; Group 0: n = 26 
(7.3%), Group 1: n = 121 (34%) and Group 3: n = 
209 (58.7%). AADR showed a linear trend through 
Group-0 to 2; with an AADR of 3.8%, 14.8% and 
16.7% respectively (Figure 1). 

Also seen was a linear increasing trend in segmental 
AADR with improvement in segmental BBPS (1 to 3); 
with an AADR of 3%, 6.8% and 8.1% for R-1, R-2, 
R-3 respectively; 0%, 4.4% and 7.4% for T-1, T-2, T-3 
respectively; and 0%, 10% and 11.5% for L-1, L-2, L-3 
respectively (Figure 2). There was statistical significant 
difference between AADR among Group 0 and 2 (3.8% 
vs 16.7%, P < 0.05), Group 1 and 2 (14.8% vs 16.7%, 
P < 0.05) and Group 0 and 1 (3.8% vs 14.8%, P < 
0.05).

DISCUSSION
The bowel preparation process before a colonoscopy 
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Figure 1  Advanced adenoma detection rates across different groups based 
on composite Boston Bowel Preparation Score. AADR: Advanced adenoma 
detection rates.
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have recommended inclusion of assessment of the 
quality of bowel preparation in each colonoscopy 
report[19]. Terms such as excellent, good, fair, and 
poor were considered appropriate but the committee 
emphasized that the terms lack standardized 
definitions[19]. There are several other issues which 
are unclear such as whether the bowel preparation 
quality should be documented based on findings upon 
insertion of the colonoscope, or during withdrawal. 
Impact of cleansing maneuvers such as washing and 
suctioning of fluid is not accounted when using this 
terminology[16]. While former is an assessment of 
colonic preparation, and the latter is an assessment 
of the likelihood for missed lesions, a more clinically 
relevant measure, hence the distinction is important[16]. 
Furthermore, the variation of bowel preparation in 
different segments of colon is also not accounted. 

Insufficient mucosal visualization during colonoscopy 
can result in lesions being missed[18,20]. Poor bowel 
preparation may also result in difficult progression, an 
increase risk of complications, prolonged procedure 
duration and an increase in the amount of sedatives and 
analgetics required[21]. Poor bowel preparation is also 
a frequent cause for incomplete procedures, resulting 
in the need for a repeat colonoscopy[21]. It has been 
suggested that the fact that colonoscopic surveillance 
does not prevent right-sided cancers is caused by the 
often worse quality of cleansing of the right side of the 
colon[22]. 

Because of these consequences, the quality of bowel 
preparation needs to be assessed and documented[23]. 
Suboptimal bowel preparation rates during colonoscopy 
can be as high as 1/3rd of total colonoscopies[24]. 
Therefore, knowledge of its risk factors can be very 
important. A model based on risk factors, such as 
male gender, inpatient status, and older age, correctly 
predicted inadequate bowel preparation in only 60% of 
patients[25]. 

In an effort to improve colonoscopy outcome, it 
is essential to report the quality of bowel preparation 
accurately. Most gastroenterologist continue to 
use the subjective systems of reporting bowel 
preparation. Many endoscopist find it difficult to report 
the bowel preparation quality accurately because 
of inter-segmental variation. BBPS score allows 
gastroenterologist to report the quality of bowel 
preparation for each colon segment in an objective 
manner. BBPS is sensitive to differences in bowel prep 
quality within different segments of colon, and therefore 
helps to identify segment-specific risks for missed 
pathology. It helps in identifying the potential colon 
segments which require more detailed examination 
in repeat colonoscopy. Total and individual segment 
BBPS scores have demonstrated strong inter- and intra-
rater reliability over the full range of possible segment 
scores[16]. The BBPS is simple to learn and practice 
and can be seen as a useful tool in standardizing the 
reporting of bowel prep quality. 

is directed towards cleaning the colon of the faecal 
material for better visualisation of colonic mucosa and 
detection of abnormalities especially polyps present 
in the colon. Optimal bowel cleansing is pre-requisite 
for successful colonoscopy, indirectly having impact 
on both the performance and the effectiveness of 
the colonoscopy. Colonoscopies with suboptimal 
bowel preparation have significant adenoma miss 
rates, suggesting that suboptimal bowel preparation 
substantially decreases efficiency of colonoscopy as 
a CRC screening tool[9].The incidence of inadequate 
bowel preparation for colonoscopy has been reported 
to be as high as 25%[18]. The American Society for 
Gastrointestinal Endoscopy and American College of 
Gastroenterology Taskforce on Quality in Endoscopy 
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Our study showed that segmental AADR correlate 
with segmental BBPS. Also, AADR shows linear 
increasing trend with composite BBPS. It is thus 
valuable to report segmental BBPS in colonoscopy 
reports in clinical practice. Segmental BBPS can also 
aid gastroenterologists in deciding the surveillance 
method for colorectal screening. Patients with 
suboptimal scores only on the left side can have 
surveillance using a flexible sigmoidoscopy rather than 
having a complete colonoscopy. Similarly patients 
with suboptimal preparation on the right or transverse 
colon need to have complete colonoscopy. Reporting 
segmental bowel preparation will also help us identify 
patient related factors which are associated with 
suboptimal preparation on one particular segment 
and hence study interventions that can improve bowel 
preparation on that segment. 

In conclusion, the BBPS is a valid and reliable 
scoring system for assessing adequacy of bowel 
preparation during colonoscopy regardless of degree of 
cleanliness. Documentation of BBPS in all colonoscopy 
reports will help in: (1) careful examination during 
repeat colonoscopy of segments which had poor 
or sub-optimal BBPS on previous colonoscopy; (2) 
determining appropriate surveillance interval and the 
procedure for surveillance (flexible sigmoidoscopy 
vs colonoscopy); (3) determining appropriate inter
ventions to improve bowel preparation for colonoscopy 
in future; and (4) quality improvement research 
in colonoscopy when we need to control for bowel 
preparation quality.

This practice will help in better documentation of 
the colonoscopy results in relation to the quality of 
bowel preparation and will be helpful in planning the 
appropriate course of future intervention for every 
subject.
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