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Abstract
Evaluation of the quality of small-bowel cleansing is 
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required to assess the reliability of findings in capsule 
endoscopy (CE). Moreover, consensus regarding the need 
of intestinal preparation for CE remains to be achieved. 
The presence of multiple grading scales for small-
bowel preparation in CE, which are time-consuming and 
complicated, adds difficulty to the comparison of different 
small-bowel cleansing regimens and their application in 
clinical practice. Nowadays, a validated scale universally 
accepted for grading small-bowel cleansing is lacking. 
In fact, there are numerous grading systems with very 
different technical characteristics, namely, the parame
ters and the portion of the CE video that are analyzed, 
the objectivity of the analysis, the lesser or greater 
dependency on the operator, and the validation of the 
score. The authors performed a review which aims to 
systematize and summarize currently available small-
bowel grading scales in CE.

Key words: Capsule endoscopy; Small-bowel; Small-
bowel Cleansing Scales; Enteroscopy; Grading
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Core tip: Evaluation of the quality of small-bowel cleans
ing is required to assess the reliability of findings in 
capsule endoscopy (CE). Moreover, consensus regarding 
the need of intestinal preparation for CE remains to be 
achieved. Currently, there are numerous grading systems 
with very different technical characteristics, namely, the 
parameters and the portion of the CE video that are 
analyzed, the objectivity of the analysis, the lesser or 
greater dependency on the operator, and the validation 
of the score. The main purpose of this review is to 
gather and concise all small-bowel cleansing scales in CE 
available, as this has not been previously performed.
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INTRODUCTION
Capsule endoscopy (CE) was introduced into clinical 
practice in 2001, and since then it has assumed an impor­
tant role in the study of numerous small-bowel disorders, 
namely obscure gastrointestinal bleeding, Crohn’s disease, 
small-bowel tumors, polyposis syndromes and celiac 
disease[1-4].

The diagnostic yield of CE and quality of mucosal 
visualization may be impaired by the presence of air 
bubbles, bile and intestinal debris. Moreover, evidence 
for the optimal approach for small-bowel preparation 
before CE is lacking. These research and clinical aspects 
emphasize the importance of a grading scale of small-
bowel cleansing in CE, as the evaluation of the quality 
of small-bowel preparation is necessary to assess the 
accuracy of the findings in CE[5,6] and the presence of a 
universal grading score would contribute to standardize 
CE protocols and to compare the results of different 
methods of small-bowel preparation[6,7].

Nowadays, a validated scale universally accepted 
for grading small-bowel cleansing is lacking. In fact, 
there are numerous grading systems with very different 
technical characteristics, namely, the parameters and the 
portion of the CE video that are analysed, the objectivity 
of the analysis, the lesser or greater dependency on the 
operator, and the validation of the score.  

This review aims to systematize and summarize 
available small-bowel grading scales in CE (Tables 1 and 2). 

DISCUSSION
Computer dependent scales
In recent years, computer grading scales to evaluate 
small-bowel cleanliness have been developed and vali­
dated (Table 1)[6,8]. These computed scores are based on 
objective measurements and may potentially overcome 
the disadvantages of human dependent scoring systems, 
namely the subjectivity, complexity and lengthiness. 
Furthermore, the incorporation of these scores into the 
CE reading software would result in a fully automated 
score[6].

Van Weyenberg et al[6] developed a computed ass­
essment of cleansing (CAC) score, based on objective 
measurements of colour intensities in red and green 
channels of the tissue colour bar of the Rapid Reader® in 
the PillCam CE® system. The authors assumed that if the 
tissue colour bar, which comprises the summary of all 
CE images, was converted to the red-green-blue mode 
(RGB), the relation between the mean intensity of the 
red and green channels could be used as a measure of 
small-bowel cleanliness. Therefore, areas of adequate 
mucosal visibility could be associated with high values 
of red intensity and low values of green intensity. 
Conversely, areas with high amount of intestinal debris 

could be associated with low values of red intensity 
and high values of green intensity. The mean intensity 
values of the green and red channels of the small-bowel 
segment of the tissue colour bar were determined using 
the histogram function of a photo-editing software. The 
final score was obtained by applying the formula [(Mean 
intensity of the red channel)/(Mean intensity of the 
green channel) - 1] × 10. The CAC score was further 
compared with three validated grading scales[5]. In this 
study, the authors concluded that the CAC score had a 
very good reproducibility and could be used to assess the 
overall and segmental quality of small-bowel cleanliness. 
Moreover, CAC score achieved a strong agreement with 
previously validated subjective scales[5]. 

Due to the potential advantage of a computed score of 
small-bowel cleansing in CE, other studies were develop­
ed to adapt the CAC score to the OMOM and MiroCam 
CE systems[9,10]. Ponte et al[10] aimed to adapt the CAC 
score to the MiroCam system and to evaluate its reliability 
with the MiroCam® CE system. The MiroCam reading 
software (Miroview Client®) has a function named “Map 
View” which displays a bar containing a representation 
of all images recorded by the CE. Although this bar can 
be zoomed, without zoom the bar is similar to the tissue 
colour bar of the Rapid Reader® in the PillCam® CE 
system. Applying the same methodology as used by Van 
Weyenberg et al[6], the mean intensities of the red and 
green channels of the small-bowel segment of the “Map 
View” bar of Miroview Client® were determined using the 
histogram option of two photo-editing softwares. The 
authors concluded that the reproducibility of the CAC score 
was excellent as the results of the two different photo-
editing softwares were identical, resulting in an intra-
test reliability of 1.0 (P < 0.001). CAC score achieved a 
moderate agreement with previously validated subjective 
scales[5]. The results were slightly inferior to those of 
Van Weyenberg et al[6] but still significant and reinforce 
the feasibility of the CAC score in the assessment of 
the intestinal preparation in CE systems other than the 
PillCam®.

More recently, Klein et al[8] designed and validated 
a computer algorithm based on the pixels in the tissue 
colour bar of the CE PillCam® system. To develop this 
algorithm, multiple points on the colour bar correspond­
ing to a spectrum of inadequately or adequately seg­
ments were marked and defined as “adequate” or 
“inadequate” criteria. These criteria were defined based 
on the pixel color and hue derived from the pixel RGB 
values. A computer algorithm based on the pixels in each 
of the marked areas was then created, and applied to the 
entire tissue colour bar. Each pixel of the tissue colour bar 
was independently compared to the predefined criteria 
“adequate”/“inadequate”. The computer algorithm 
then calculated and summarized the total number of 
“inadequate” pixels, their locations, the “adequate” to 
“inadequate” pixel ratio and the longest duration of 
consecutive “inadequate” pixels in the colour bar. Based 
on the image analysis results, the algorithm quantified 
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Caddy et al[16] developed a 4-graded scale which 
was further adopted in other studies[17,18], to analyse the 
effect of erythromycin in the completion rate of CE to the 
cecum. The scale consisted of the percentage of mucosa 
visualized which was graded as excellent, good, fair or 
poor if ≥ 95%, 75%-94%, 50%-74%, and < 50% of 
the mucosa was visualized, respectively. The authors 
reported a poor inter-observer agreement with kappa 0.3. 
Nevertheless, if the parameters excellent and good were 
aggregated, a good level of agreement was achieved 
with a kappa of 0.7. Although this scale is easy and fast 
to implement, its low reproducibility limits its utilization.

In order to analyse the difference in small-bowel 
cleansing in patients receiving 2 L of a PEG and electrolyte 
lavage solution or ingesting a clear liquid diet during the 
entire day before PillCam® CE, Viazis et al[19] developed 
a classification which was subsequently adopted by 
other authors[20,21]. The enteric mucosa was classified 
as clean if less than 25% of it was covered by debris 
or intestinal contents. This small-bowel cleansing score 
consisted of recording the exact period of time during 
which the mucosa was considered unclean. If the total 
period was inferior to 10% of the SBTT the cleansing 
was classified was “adequate”. Conversely, it was classi
fied as “inadequate” if the period of time of unclean 
mucosa exceeded 10% of the SBTT. Despite the authors 
recognized the simplicity of use of this classification, this 
scale lacks validity and is cumbersome to implement. 

In the study developed by Kantianis et al[22] to com­
pare small-bowel cleansing using 2 L or 4 L of PEG, 
a 3-scale scoring system according to the visibility of 
the small-bowel mucosa in consecutive single frames 
captured every 3 min of the SBTT was adopted. Three 
points were given when 60%-100% of the mucosa was 
visible, 2 points when visibility of the mucosa ranged 
from 30% to 60% and 1 point if less than 30% of the 
mucosa was visible. The final score was obtained by divid
ing the sum of scores of each frame by (the total number 
of frames × 3), thus leading to a cleansing coefficient 
range between 0.33 (indicating the worst preparation) 
and 1.00 (indicating the ideal preparation). Although 
simple, the same limitations as other scales like Park’s 
that use sampling frames remains.

In another study to evaluate different small-bowel 
regimens with mannitol and simethicone, Chen et al[23] 

created a method of evaluation of small-bowel cleansing 
using consecutive single frames of the small-bowel video 
selected at 3 min intervals. In each frame, the area of 
visible mucosa was outlined and calculated, as well as 
the area of the entire image. The ratio of both areas was 
graded as excellent (3 points), good (2 points), fair (1 
point) and poor (0 point) if the ratio was 76%-100%, 
51%-75%, 26%-50%, and 0%-25%, respectively. 
For overall assessment, small bowel cleansing for proxi­
mal and distal small bowel was separately graded, and 
considered adequate if the percentage of single frames 
assessed that was graded as good or excellent was ≥ 
85%, and inadequate otherwise. In a subsequent study[9], 
the same group of authors compared this scale, which 

they designated as assessment of cleansing score (AAC) 
with the CAC developed by Van Weyenberg et al[6]. The 
authors concluded that the assessment of interobserver 
reliability of these two scores showed a high intraclass 
correlation coefficient (ICC) and no significant difference 
between them was found using the kappa statistic. For 
AAC, the ICC was 0.791.

Similar to other studies[19,21,24], a 4-point scale based 
on the proportion of enteric mucosa visualized without 
any liquid, bubbles or debris was adopted by Rosa et al[25] 
in order to assess the difference in small-bowel cleansing 
using a liquid diet and an overnight fast or 2 L of PEG 
with or without simethicone. The authors recorded with 
the time counter of the Rapid Reader® software the exact 
time period during which the mucosa was not clean, due 
to contamination with fluid or debris. The presence of 
bubbles was evaluated separately. Small-bowel cleansing 
was graded in excellent in cases of perfect visualization 
in every small-bowel segments, in good where > 75% of 
the mucosa was in perfect conditions, with some fluid or 
debris remaining not interfering with the examination, in 
fair if 50%-75% of the mucosa was clean, with presence 
of enough fluid, bubbles or debris to prevent completely 
reliable examination and in poor if < 50% of the mucosa 
was clean with the presence of significant amounts of 
fluid or debris. The authors considered an adequate small-
bowel preparation if > 75% of the mucosa was clean, 
corresponding to the “excellent” and “good” scores.

Niv et al[26] developed a cleansing scale taking into 
account the proportion of the SBTT which was filled with 
intraluminal fluid preventing visualization of the mucosa. 
The proportion of non-ideal visualization was determined, 
dividing the time duration of non-ideal visualization 
recorded with the time counter of the Rapid Reader® soft­
ware by the SBTT. The degree of cleanliness was graded 
as good if this ratio is < 20%, moderate when between 
21%-35% and poor if > 35%.

Qualitative parameters
As previously detailed, Brotz et al[5] developed and 
validated three grading systems in PillCam® CE system, 
namely a QI, a QE and an OAA. The QE was categorized 
in poor, fair, good and excellent according to the per­
centage of enteric mucosa visualized, the amounts of 
debris, bubbles, bile and level of brightness (Table 3). 
The OAA consisted of global assessment of small-bowel 
cleansing and rated as “adequate” or “inadequate”. The 
authors concluded that the QI had the greatest reliability, 
the reliability for the OAA was in the moderate range, 
while the QE performed more poorly. Quantitative scales 
provide parameters more uniformly assessed thus reduc­
ing the subjective interpretation and providing a better 
evaluation of the small-bowel preparation level. These 
scales were adopted in other studies[27].

Albert et al[28] adopted a 4-grade system based on 
qualitative parameters do assess bowel preparation 
using the PillCam® CE system. Two segments of 1-h dura­
tion were selected, with the first segment (segment A) 
starting immediately after passage of CE through the 
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pylorus and the other segment (segment B) finishing 
before the passage through the ileocecal valve. In each 
segment, the impairment of visibility of the mucosa due 
to intraluminal gas bubbles was evaluated and graded 
as (0) if there was no intraluminal gas; (1) if only a few 
gas bubbles not limiting the interpretation were seen; 
(2) if there was an increased amount of intraluminal gas 
bubbles which moderately impaired visibility; and (3) if a 
large amount of gas bubbles which severely limited the 
interpretation of mucosal surface were found. Of note, 
the amount of food residue or small-bowel secretions 
was not analysed. This grading scale obtained a good 
interobserver agreement, with a Spearman correlation 
of r = 0.89 in segment A (P < 0.001) and r = 0.79 (P 
< 0.001) in segment B. This scale also suffers from 
sampling error limitations, as only two segments with 1-h 
duration from the entire CE video are analysed.

Pons Beltrán et al[29] proposed a 4-point subjective 
score of “poor”, if there was intestinal content impending 
evaluation, “fair”, if there was liquid or solid intestinal 
content allowing evaluation, “good”, if there was no 
intestinal content or some content in the terminal ileum 
and/or cecum and “excellent”, if there was no intestinal 
content in any part of the small-bowel or the cecum. 
Differently from QE, the enteric level of cleanliness in 
PillCam® CE was judged according to the amount of 
intestinal content throughout the small-bowel and cecum. 
Due to the subjectivity of the assessed parameter, the 
interobserver agreement was fair, with a kappa = 0.38.

In a study to assess the effect of magnesium citrate 
in small-bowel cleansing in PillCam® CE, Ninomiya et al[30] 
classified from 0 to 4, each of three parameters, namely 
food residue, intestinal juice clarity and bubbles (Table 4). 
After dividing the SBTT into three segments, images from 
each segment were recorded and classified according to 
the three parameters. 

Quantitative and qualitative parameters
Esaki et al[31] developed a grading scale using the Pill­
Cam® CE system to assess the differences in small bowel 
preparation with magnesium citrate or simethicone. 
After determining the terciles of the SBTT, the authors 
evaluated the fluid transparency and mucosal invisibi­
lity in each segment, according to Table 5. The grade 
of fluid transparency was determined according to the 

predominant grade in each segment. The grade of 
mucosal invisibility was determined in each video segment 
by the proportion of duration in which air bubbles or food 
residues disturbed more than 50% of its visualization 
and interpretation. The overall score for each parameter 
corresponded to the sum of the grades obtained in each 
segment, ranging from 3 to 12. The authors achieved 
an excellent interobserver agreement in each segment 
analysed, with the results showing a strong correlation (r 
= 0.88, P < 0.0001 in the first tercile; r = 0.77, P < 0.0001 
in the second tercile; r = 0.81, P < 0.0001 in the third 
tercile). Conversely, this grading system was applied by 
other authors who obtained a moderate intra-observer 
agreement (kappa = 0.52) and a poor interobserver 
agreement (kappa = 0.29 for fluid transparency and 
kappa = 0.42 for mucosal invisibility)[7].

Dai et al[32] studied the effect of bowel preparation 
with 4 L of PEG in small-bowel cleanliness. To assess the 
enteric cleanliness, the authors used an overall assess­
ment of quality based on a 4-step scale: (1) large volume 
of residual ingested food or fecal material; (2) moderate 
volume of residual ingested food; (3) small volume of 
residual ingested food; and (4) clear or colored liquid. 
They also determined the proportion of the enteric wall 
visualized using 10-min video segments at 1-h intervals: 
(1) less than 25%; (2) 25% to 49%; (3) 50% to 75%; 
and (4) greater than 75%. The authors concluded 
that the score was subjective, as reflected by the fair 
interobserver agreement achieved with a kappa = 0.56.

Lapalus et al[33] created a small-bowel cleansing 
score in PillCam® to evaluate the effect of oral sodium 
phosphate in small-bowel preparation. The preparation 
was evaluated in five segments of 5 min, with the first 
segment starting at 5 min after passage of the CE 

Qualitative evaluation

Excellent: Visualization of ≥ 90% of mucosa; no or minimal, fluid and 
debris, bubbles, and bile/chyme staining; no or minimal, reduction of 
brightness
Good: Visualization of ≥ 90% of mucosa; mild fluid and debris, bubbles, 
and bile/chyme staining; mildly reduced brightness
Fair: Visualization of < 90% of mucosa; moderate fluid and debris, 
bubbles, and bile/chyme staining; moderately reduced brightness
Poor: Visualization of < 80% of mucosa; excessive fluid and debris, 
bubbles, and bile/chyme staining; severely reduced brightness

Table 3  Qualitative evaluation of small-bowel cleanliness 
developed by Brotz et al [5]

Residue elimination effect
   4 points No food residue at all, clear views
   3 points Some food residue present, not interfering 

with observations
   2 points Quite a lot of food residue, slightly hindering 

observations
   1 points Large amount of food residue, hindering 

observations
Intestinal juice clarity
   4 points Intestinal juice is clear, clear views
   3 points Intestinal juice is light colored and does not 

interfere with observations
   2 points Intestinal juice is light dark colored, slightly 

hindering observation
   1 points Intestinal juice is dark colored and interferes 

with observations
Froth reduction effect
   4 points No froth, clear views
   3 points Froth present, not interfering with 

observations
   2 points Quite a lot of froth, slightly hindering 

observations
   1 points Large amount of froth, hindering 

observations

Table 4  Grading scale of intestinal cleansing proposed by 
Ninomiya et al [30]
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through the pylorus, and the last segment corresponding 
to the 5 min before passage through the ileocecal valve. 
The remaining segments started at one fourth, one half, 
and three fourths of the SBTT. Each segment was graded 
in a 4-point scale according to the bowel cleanliness 
(1) no liquid and no bubbles (excellent); (2) clear liquid 
(good); (3) dark liquid and/or air bubbles (fair); and 
(4) food residue (poor) and the proportion of mucosa 
visualized [(1) ≥ to 75% of the mucosa visualized; (2) 
50% to 74% of the mucosa visualized; (3) 25% to 49% 
of the mucosal visualized; and (4) ≤ to 24% of the 
mucosa visualized]. The interobserver agreement for the 
score of cleansing varied between 0.55 and 0.69 and for 
the score of visibility varied between 0.55 and 0.8.

Similarly to the previous grading scale, Hooks et al[34] 
developed a grading scale with quantitative and qualitative 
parameters using PillCam® CE to evaluate the effect of 
lubiprostone in the gastric and small-bowel transit time 
and in the enteric preparation. This last parameter was 
analysed with a 4-point scale considering the overall 
preparation in the proximal, middle and distal small bowel 
and the amount of mucosa visualized in 10-min segments 
at one-hour intervals, as described in Table 6. 

In summary, various grading scales to assess the 
cleanliness of small-bowel in CE have been proposed, 
and a consensus regarding which scale is better remains 
to be achieved. Computer grading scales are based on 
objective measurements and may potentially overcome 
the disadvantages of human dependent scoring sys­
tems, namely the subjectivity, complexity and leng­
thiness. Current results of computer grading scales are 
encouraging and the future may encompass the incor­
poration of a fully automated cleansing score in the 
software of CE. Nevertheless, more research is warranted 
to ameliorate and achieve an optimal computed score 
completely independent of human action.

In human dependent grading scales, the authors 
consider that those which include the entire video have 
more advantages as the operator may score the small-

bowel cleanliness during CE analysis, thus reducing 
the time of the procedure as the re-evaluation of single 
frames or segments of video is avoided. Moreover, sample 
bias is avoided as the overall video will be evaluated. The 
authors also conclude that operator dependent scales 
based on quantitative parameters may reduce subjec­
tive interpretation and provide a better evaluation of the 
small-bowel preparation level. Despite the heterogeneity 
of the methodology adopted by the developers of each 
small-bowel grading system in CE, which limit the 
comparison between the operator dependent grading 
scales, the authors suggest that the QI grading scale of 
Brotz et al[5] may aggregate the best characteristics for 
evaluation of small-bowel cleanliness in CE.

CONCLUSION
Numerous small-bowel grading scales to assess the 
cleanliness in CE have been developed, and a consensus 
regarding a universally accepted scale is lacking. 

Computer grading scales are based on objective 
measurements and may potentially overcome the dis­
advantages of human dependent scoring systems, namely 
the subjectivity, complexity and lengthiness. Concerning 
human dependent grading scales, only few are validated 
and there is a huge heterogeneity regarding the metho­
dology of each scale, namely the parameters and portion 
of the CE analysed and the objectivity of the analysis. 
Finally, human dependent scales which are based in quan­
titative assessments are more uniformly assessed thus 
reducing the subjective interpretation and providing a 
better evaluation of the small-bowel preparation.
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