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Capsule endoscopy  (CE) cannot be controlled by the 
physician after the capsule has been swallowed by the 
patient. It is, therefore, not possible to control the focus or 
the direction of observation as in conventional endoscopy, 
and it is not possible to collect tissue biopsy samples. CE 
also cannot deliver water or air into the intestine and cannot 
suction, inflate or wash the intestinal lumen.[1] The cost of 
the procedure is very high, and the capsule cannot be reused. 

For these reasons, adequate bowel preparation before CE is 
particularly important. The manufacturer recommends 12 h 
of fasting prior to CE,[2] but many studies have reported 
that this may be insufficient for optimal visibility.[3‑8] Food 
debris, bile, bubbles, and opaque mucus have been reported 
as the primary causes of poor visibility.[9,10] As a moderate or 
severe amount of intestinal debris is an independent risk 
factor for inability to adequately inspect the small intestine, 
clinicians using CE try to ensure adequate bowel preparation. 
However, there is no agreement regarding the criteria for 
adequate small bowel preparation.[11,12] It is important to 
evaluate small bowel cleanliness in patients undergoing 
CE and assess the degree to which small bowel cleanliness 
affects the diagnostic accuracy of CE.[9,13,14] The aim of this 
study was to evaluate the clinical value of the visualized 
area percentage assessment of cleansing score (AAC) and 

ABSTRACT

Background/Aim: The purpose of this study was to evaluate the clinical significance of visualized area 
percentage assessment of cleansing score  (AAC) and computed assessment of cleansing score  (CAC) of 
these two small bowel cleanliness scores systems for capsule endoscopy (CE). Materials and Methods: The 
reliability and consistency of the AAC and CAC scores were evaluated by comparing the scores by two 
examiners (one expert, one without any training in CE). Reliability was determined using the intraclass 
correlation coefficient  (ICC) and consistency was determined using the kappa statistic. Results: The 
inter‑observer agreement was excellent for both the AAC and CAC scores. For AAC, the ICC was 0.791 (95% 
confidence interval: 0.677‑0.868), and for CAC the ICC was 1.000. Using 1.5 as the cutoff, there was no 
significant difference between AAC and CAC results by the expert examiner (kappa = 0.756, P = 0.000) or 
the non‑expert examiner (kappa = 0.831, P = 0.000). Evaluation of small bowel cleanliness using AAC took 
15‑30 min, and evaluation using CAC took about 2‑3 min. The overall adequacy assessment (OAA) using 
the AAC was not significantly different between the two examiners (χ2 = 0.586, P = 0.444). There were also 
no significant differences between the OAA using the AAC and the OAA using the CAC by the expert 
examiner (χ2 = 1.730, P = 0.188) or the non‑expert examiner (χ2 = 1.124, P = 0.289). Conclusion: Both of these 
scores for assessment of small bowel cleanliness can be useful in clinical practice, but the CAC is simpler to use.
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computed assessment of cleansing score (CAC), which are 
the currently available methods of assessing small bowel 
cleanliness.[15]

MATERIALS AND METHODS

A retrospective study was performed on 63 patients who had 
undergone CE at Sanming First Affiliated Hospital of Fujian 
Medical University between January 2010 and July 2012. 
Patients with impaired intestinal motility were excluded, 
considering that this could affect enteric cleansing. In that 
sense, history of gastrointestinal or abdominal surgery, use of 
antispasmodic, analgesic or prokinetic drugs, diarrhea, thyroid 
disease, diabetes mellitus, known or suspected small bowel 
obstruction and strictures, chronic renal or hepatic or cardiac 
failure were defined as exclusion criteria. Bowel preparation 
with 250 mL 20% mannitol and 1 L 0.9% saline were taken orally 
at 20:00 h on the day before the procedure and at 05:00 h on 
the next day. In addition, 20 mL oral simethicone (Espumisan; 
Berlin‑Chemie, Germany, containing 40 mg simethicone in 
1 mL emulsion) and 200 mL water were drunk 30 min before 
capsule ingestion. All patients abstained from solid food the 
day before the procedure. After swallowing the capsule, patients 
were not allowed to drink clear fluids for 2 h and were permitted 
a light meal after 4 h. Written informed consent was obtained 
in all cases. One senior gastroenterologists with image-reviewing 
experience of more than 200 cases and one non‑CE reading 
experience of physicians who separately evaluated 63 CE cases 
of small bowel cleansing by using the two cleansing grading 
system. All of them were unaware of the patient’s medical 
history. The recorder data were analyzed and scored by using 
Chongqing Jinshan Image Processing Software, version 4.64. 
The study was approved by the local ethics committee.

Scoring system
AAC
Our previously published cleansing grading system simply 
described as follows.[16] First the whole visibility of the small 
bowel mucosa in a single frame of the video was evaluated by an 
image processing software, image‑pro plus version 6.0 (Media 
Cybernetics). After the selected single frame was open in 
the window, the area of part of the invisible mucosa was 
outlined, calculated and summed, irrespective of brightness 
or obstructing elements defined by Brotz[17] including fluid, 
debris, bubbles and bile/chyme staining, followed by a total 
area of a single frame counted in the same way. Finally, a ratio 
was arrived at of the area of unmasked mucosa, divided by the 
total area of a single frame scored using a modified 4‑grade 
scale based on criteria set by Dai[4] (3 points were given if the 
ratio was 76‑100%, 2, 1 and 0 point mean 51‑75%, 26‑50% 
and 0‑25%, respectively.) with a maximum possible score of 
3. Based on the score, the view quality of a single frame was 
graded as excellent (scoring 3 points), good (scoring 2 points), 
fair (scoring 1 point) and poor (scoring 0 point).

Serial images of the small bowel were manually selected at 
5‑min intervals using the Jinshan Image Processing Software 
system. A  scale plate was placed under the tissue color 
bar. Images were selected at 0.25 cm intervals, which was 
approximately equal to an image every 5 min. If the capsule 
became stuck or remained in the same place for more than 
5 min, the relevant images were scored only once. Overall 
small bowel cleanliness was scored by dividing the sum of 
the individual image scores by the total number of images. In 
view, an overall adequacy assessment (OAA) of small‑bowel 
cleanliness, the score of small‑bowel cleansing  > 1.5 was 
considered “adequate” and “inadequate” if the score of 
small‑bowel cleansing ≤ 1.5 [Table 1].

CAC
According to the description by Van Weyenberg SJB, etc.,[18] 
the Rapid software of the reading station (Given Imaging, 
Yoqneam, Israel) shows a tissue color bar for identifying 
anatomical landmarks and maintaining perspective on the 
location of images (Jinshan OMOM Imaging Station 4.64 
also contents this tissue color bar).The tissue color bar 
comprises a computed summary of color representations of 
individual CE images. They noticed that the tissue color bar 
often contains pronounced greenish segments, corresponding 
to individual CE images of greenish luminal content. They 
postulated that if the tissue color bar was transformed 
to red–green–blue color mode, the intensity in the green 
channel in relation to the intensity of the red channel could 
be used as a measure of small‑bowel contamination. Good 
mucosal visibility could be associated with high values of 
red intensity and low values of green intensity, whereas fecal 
contamination could be associated with low values of red 
intensity and high values of green intensity.

In order to be able to perform measurements of color intensity, 
an electronic high‑resolution image of the Rapid user interface 
was captured using commercially available software (Screen 
Print and Capture 32  3.5, Provtech Ltd., West Kilbride, 
UK). The image was imported into commercially available 
photo‑editing software (Photoshop CS2, version 9.0.2, Adobe 
Systems Inc., San Jose, California, USA), and cropped to 
contain only the tissue color bar. Using the histogram option, 
the mean intensity value of the green and the red channel 
could be measured within selections of the bar. The red–green 

Table 1: Image quality score of a single frame and the 
score of small‑bowel cleansing

Image quality score of a 
single frame

Score of small‑bowel cleansing
Adequate Inadequate

Excellent 3 points (76‑100%) >1.5 ≤1.5
Good 2 points (51‑75%)
Fair 1 point (26‑50%)
Poor 0 point (0-25%)
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ratio was calculated by dividing the intensity of the red 
channel by the intensity of the green channel.

For OAA of small‑bowel cleanliness, a red‑green ratio of > 1.5 
was considered adequate, and a ratio of ≤ 1.5 was considered 
inadequate.

Efficacy evaluation
Inter‑observer agreement on AAC and CAC scores was 
evaluated using two examiners: One expert, and the other 
without any training in CE. Reliability was determined using the 
ICC, and consistency was determined using the kappa statistic.

To assess inter‑observer agreement on the AAC score, the 
examiners each scored the same selected frames from 
the first duodenal frame to the ileocecal valve at 5‑min 
intervals.[14] Comparisons were made between the scores 
for single frames, and the OAA of small bowel cleanliness.

To assess inter‑observer agreement on CAC, the examiners 
used software (Screen Print and Capture 32 3.5) to capture 
the tissue color bars from the first duodenal frame to the 
ileocecal valve. The tissue color bar was imported into 
photo‑editing software  (Photoshop CS2), and was scored 
using the histogram option.

Statistical analysis
Reliability between the quantitative variables was assessed by 
intraclass correlation coefficient (ICC). An ICC value less than 
0.40 was considered poor, between 0.40 and 0.75 was considered 
fair to good, and greater than 0.75 was considered excellent. 
Consistency was determined by using the Kappa statistic. 
A Kappa value greater than 0.75 was considered excellent and 
lesser than 0.40 was considered poor. Differences between groups 
were evaluated by t test for categorical variables. Differences 
in means were assessed by analysis of variance for normally 
distributed variables and Kruskal‑Wallis test for non‑normally 
distributed variables. Differences for categorical variables were 
assessed by the χ2  test or Fisher exact test (when expected 
count was < 5) and Pearson χ2 test. Differences in constituent 
proportions were evaluated by the one‑sample goodness‑of‑fit 
test. A  two‑tailed P  <  0.05 was considered statistically 
significant. SPSS (version 19.0) was used for statistical analysis.

RESULTS

A total of 63 patients who were referred for CE because of 
suspected small bowel disease were enrolled in the study. All 
examinations were complete from the duodenum to the ileocecal 
valve. The patients were 35 women (55.6%) and 28 men (44.4%), 
of which 47 were outpatients and 16 were inpatients. The 
mean overall age was 51.6 ± 12.3 years (range 13‑86 years). The 
indications for CE were obscure gastrointestinal bleeding (32/63, 
50.8%), unexplained abdominal pain (18/63,  28.6%), and 

chronic diarrhea (13/63, 20.6%). The color intensity in the 
red‑green channel could be measured in all studies. The 
mean red intensity ranged from 124.85 to 236.00  (mean 
173.20 ± 23.91), and the mean green intensity ranged from 
102.09 to 167.11  (mean 123.06  ± 10.16). The red‑green 
ratio ranged from 1.12 to 1.78 (mean 1.52 ± 0.14). All color 
measurements were separately scored by the two examiners, 
who obtained exactly the same results. The average length of the 
captured tissue color bar ranged from 10.2 cm to 22.6 cm (mean 
16.3 ± 5.6 cm). Evaluation using AAC involved analysis of 41to 
90 images (mean 70.3 ± 18.7 images) and took 15‑30 min (mean 
25.2 ± 8.6 min). Evaluation using CAC only took about 2‑3 min.

Assessment of the AAC and CAC scores
The AAC scores by the expert and the non‑expert 
examiners were 1.23‑1.82  (mean 1.55  ±  0.11) and 
1.21‑1.79  (mean  1.52  ±  0.12), respectively. This was 
not a significant difference between the two examiners 
(t = −0.1357, P = 0.177). The CAC scores by the expert and 
non‑expert examiners were exactly the same, ranging from 
1.12 to 1.78 (mean 1.52 ± 0.14) (t = 0.000, P = 1.000; Table 2).

Assessment of reliability and consistency
Reliability assessment showed that AAC scores by the 
expert and non‑expert examiners had an ICC of 0.791 (95% 
confidence interval: 0.677‑0.868), and CAC scores by the expert 
and non‑expert examiners had an ICC of 1.0. Using 1.5 as the 
cutoff, there was no significant difference between AAC and 
CAC results by the expert examiner (kappa = 0.756, P = 0.000) 
or the non‑expert examiner (kappa = 0.831, P = 0.000).

Reliability of OAA
Using 1.5 as the cut‑off, the expert and non‑expert examiners 
rated the OAA as “adequate” using the AAC in 71.4% 
of cases  (45/63) and 65.1% of cases  (41/63), respectively, 
and using the CAC in 60.3% of cases (38/63) and 60.3% 
of cases  (38/63), respectively. The expert and non‑expert 
examiners rated the OAA as “inadequate” using the AAC 
in 28.6% of cases  (18/63) and 34.9% of cases  (22/63), 
respectively, and using the CAC in 39.7% of cases (25/63) and 
39.7% of cases (25/63), respectively. The OAA using the AAC 
was not significantly different between the two examiners 
(χ2 = 0.586, P = 0.444; Table 3). There were also no significant 
differences between the OAA using the AAC and the OAA 

Table  2: The score of AAC assessment and CAC 
assessment

Observer AAC assessment CAC assessment
Expert 1.55±0.11 1.52±0.14
Non‑expert 1.52±0.12 1.52±0.14
t −0.1357 0.000
P 0.177 1.000
AAC: Visualized area percentage assessment of cleansing score, CAC: 
Computed assessment of cleansing score
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using the CAC by the expert examiner (χ2 = 1.730, P = 0.188) 
or the non‑expert examiner (χ2 = 1.124, P = 0.289; Table 3).

DISCUSSION

Bowel preparation methods for CE have been assessed by 
relevant associations in the United States and Europe,[19‑21] 
however, controversies about optimal methods persist, and 
there are no criteria for qualitative or quantitative assessment 
of the intestinal tract cleanliness. This has led to confusion 
among gastroenterologists using CE regarding optimal 
methods of assessing small bowel cleanliness. The average time 
for passage of the capsule through the small intestine  is 4‑6 h, 
yielding 30,000‑40,000 images at 2 frames/s. Some of these 
images are clear and some are very poor. Accurate assessment of 
such a large number of images is time consuming and difficult 
in clinical settings. This study used a quality grading standard 
to assess the image quality of a single frame every 5 min, which 
only required assessment of 41‑90 (mean 70.3 ± 18.7) images 
to evaluate small bowel cleanliness. This method was relatively 
quick and easy to perform in clinical settings.

The advantages of using the AAC are that it can provide 
intuitive and quantitative evaluation of small bowel cleanliness 
[Figures 1 and 2], and that it is the method generally used in 
published papers.[4,6,7,11,16,17,22‑26] The disadvantages of using the 
AAC are that the results are influenced by the quality of the 

samples when using interval sampling, and that calculation of 
the visualized area is time‑consuming and influenced by human 
variability. The advantages of using the CAC are that it can 
evaluate a single image or a number of images in any part of 
the small intestine [Figures 3 and 4], it is less time‑consuming, 
and the results are not influenced by human variability. The 
disadvantage of using the CAC is that it uses a visual analog scale 
(color intensity ratio of red to green) to evaluate the images. The 
visual analog scale cannot differentiate between bubbles, food 
residue, fecal material, opaque secretions, and bile. The usefulness 
of the CAC has not been validated in large‑scale studies.

In conclusion, assessment of inter‑observer reliability of these 
two scores between two examiners showed a high ICC and 
no significant difference using the kappa statistic. There were 
no significant differences in OAA of small bowel preparation 
using the AAC or CAC. We propose that a cutoff value of 1.5 
may be used to indicate adequate small bowel preparation 
for CE. Both the AAC and CAC scores can be obtained in 
clinical settings, but the CAC score is easier to obtain and 
therefore, may be more useful.
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Figure 1: Visualized area percentage assessment of cleansing score 
scores: The image was covered with bile. The total area of this picture 
is 50169

Figure  2: Visualized area percentage assessment of cleansing 
score scores: The image was covered with bile. The area covered 
by bile of this picture is 3947. Thus 3947/50168 = 0.0787  (7.87%); 
1 ‑ 0.0787 = 0.921 (92.1%). It is scored 3 points

Table 3: Overall adequacy assessment by using AAC and CAC
Reader AAC assessment CAC assessment

Adequate Inadequate χ2 P Adequate Inadequate χ2 P
Expert 71.4% (45/63) 28.6% (18/63) 0.586 0.444a 60.3% (38/63) 39.7% (25/63) 1.730 0.188b

Non‑expert 65.1% (41/63) 34.9% (22/63) 60.3% (38/63) 39.7% (25/63) 1.124 0.289c

aAAC assessment: Expert vs. non‑expert, bExpert: AAC assessment vs. CAC assessment, cNon‑expert: AAC assessment vs. CAC assessment, AAC: Visualized 
area percentage assessment of cleansing score, CAC: Computed assessment of cleansing score
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Figure  3: Computed assessment of cleansing score: The mean 
intensity value of the red channel was 150.88 and the green channel 
was 87.64. The red–green ratio = 150.88/87.64 = 1.72

Figure  4: Computed assessment of cleansing scores: The mean 
intensity value of the red channel was 173.15 and the green channel 
was 114.32. The red–green ratio = 173.15/114.32 = 1.51
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