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Introduction
!

Adenoma detection is now accepted as an impor-
tant indicator of the quality of colonoscopy. There
is a significant variation in polyp detection rates
(PDRs) among colonoscopists [1,2]. The rates of
image documentation of the cecum in colonosco-
py can also be variable, between 81% and 98% in
large studies [3,4]. The European Society of Gas-
trointestinal Endoscopy (ESGE) has made recom-
mendations regarding the quality and number of
images, including cecal images, taken during
endoscopy [5]; however, no studies have looked
at the quality of cecal images versus outcomes of
the procedures. The primary objective of this
study was to test our hypothesis that colonosco-
pists who are more meticulous about image doc-
umentation of the cecum during their procedures
detect more polyps.

Methods
!

This retrospective study was performed at a
teaching hospital. We collected data from our
endoscopy database. Planned unselected colonos-
copies performed by 16 experienced colonosco-
pists were included. The 16 endoscopists includ-
ed 8 consultant gastroenterologists, 5 consultant
surgeons, 2 nurse endoscopists, and 1 senior
medical trainee. All endoscopists who participa-
ted in the study were fully independent in their
colonoscopy skills. All of them had completed or
nearly completed 1000 colonoscopies in their life-
time. A total of 50 procedures done by each colo-
noscopist between June 2011 and May 2012 were
randomly selected. Our exclusion criteria includ-
ed the following: inadequate bowel preparation,
planned therapeutic procedure, procedure for a
patient whose radiological imaging suggested
the presence of polyps, inflammatory bowel dis-
ease surveillance/activity assessment indication,
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Background and study aims: No studies have
looked at the quality of cecal images versus the
outcomes of colonoscopic procedures. Here, we
tested our hypothesis that endoscopists who pro-
vide better image documentation of the cecum
during their procedures have a higher polyp de-
tection rate (PDR).
Patients and methods: In this retrospective study,
planned colonoscopies performed by 16 experi-
enced colonoscopists were included. We formula-
ted a new scoring system, the cecal image docu-
mentation score (CIDS), for quantifying the quali-
ty of the cecal images obtained at colonoscopy.
Cecal image documentation was graded as fol-
lows: no image, 0; unclear image, 1; clear image,
2; clear imagewith a label, 3.We assessed the cor-
relation between image quality and the PDR.
Results: A total of 651 procedures performed by
16 colonoscopists were analyzed retrospectively.
The mean CIDS for the 16 endoscopists was 2.13.

The mean PDR was 23.5%, and the mean polyps
per procedure value (PPP) was 0.42.The 10 colo-
noscopists with a mean CIDS>2.0 (n=429 proce-
dures) had a PDR of 27.8% and a PPP of 0.51.On
the other hand, the 6 colonoscopists (n=222
procedures) with a mean CIDS<2.0 had a PDR of
15.2% and a PPP of 0.23.A mean CIDS>2.0 was
associated with a higher PDR (odds ratio [OR] 2.1,
95% confidence interval [CI] 1.4–3.2, P=0.001). A
mean CIDS>2.0 was found to be an independent
predictor of a higher PDR (OR 2.53, 95%CI 1.45–
3.59, P=0.001). A mean CIDS >2.0 was also as-
sociated with a higher right-sided PDR (OR 3.67,
95%CI 1.91–7.02, P<0.001).
Conclusions: Colonoscopists who are more meti-
culous in cecal image documentation detect
more polyps per procedure and have higher
PDRs. Better cecal image documentation is also
associated with better right-sided colonic polyp
detection.



procedure during which image capture failed, previous hemico-
lectomy, incomplete procedure, bowel cancer screening pro-
gramme (BCSP) colonoscopy, and procedure for a high risk pa-
tient with a genetic disease such as familial adenomatous poly-
posis (FAP) or hereditary nonpolyposis colorectal cancer
(HNPCC).
After some of the procedures had been excluded according to our
exclusion criteria (●" Fig.1), 651 procedures were included in the
study (average of 40 procedures per endoscopist). Exclusions
were due to inadequate bowel cleansing (n=50), incomplete pro-
cedure (n=40), image capture failure (n=35), inflammatory bow-
el disease indication (n=13), and previous hemicolectomy (n=
11).
The preprocedural data collected were age and gender of the pa-
tients and indications for the procedures. The intraprocedural
data collected were duration of the procedure, number of images
stored in the endoscopy database, quality of the cecal images tak-
en, and number of polyps detected (excluding rectal hyperplastic
polyps).We cross-checked our pathology database to confirm the
histology of the polyps (data not included). Only procedures for
patients who had adequate bowel preparation were included.
Procedures for patients with poor or inadequate bowel prepara-
tion were excluded.

We formulated a new scoring system to quantify the quality of
the cecal images captured electronically– the cecal image docu-
mentation score (CIDS). Scoring with the CIDSwas as follows: no
image taken, 0; unclear image, 1; clear image, 2; clear image with
a label, 3 (●" Table1). Examples of images with scores of 1
through 3 are included (●" Figs.2–4). A clear image labeled “ce-
cum” was given a CIDS of 3. Images with a CIDS of either 2 or 3
were clear images of the cecum; however, we gave a higher score
of 3 to an image when the endoscopist had clearly labeled it as
representative of the cecum. We felt that this label would be a
“surrogate marker” indicating that the endoscopist was meticu-
lous.
We assigned scores based on the quality of the cecal images taken
that were stored in the software-generated endoscopy reports in
our database. We did not provide a score based on the quality of
the images on paper reports because the quality of an image on a
report can depend on the printer.
Quantitative data were summarized with means and standard
deviations, and categorical data were summarized with numbers
and percentages. Comparisons between patients of colonosco-
pists with a mean CIDS >2.0 and patients of colonoscopists with
a mean CIDS <2.0 were performed with respect to age by using
the Wilcoxon rank sum test, and with respect to age categories,
gender, and indications by using the chi-squared test or Fisher’s
exact test. For analyses of colonoscopy characteristics and out-
comes, generalized estimating equations (GEE) were used to ac-
count for potential correlations within colonoscopists. The GEE
analyses included Poisson regression models to compare the
mean CIDS groups with respect to counts of polyps or images, lin-
ear regression models for log-transformed procedure duration,

Procedures excluded based on exclusion criteria (n = 149)
 (see “Methods”)

Procedures included (n = 651)

Cecal image documentation score  
> 2.0 (n = 429)

Cecal image documentation score 
< 2.0 (n = 222)

Total procedures (n = 800)

Fig.1 Flow chart of study correlating the quality of cecal image docu-
mentation at colonoscopy with the polyp detection rate.

Table 1 Cecal image documentation score.

0, no image

1, unclear image

2, clear image

3, clear image with a label

Fig.2 Examples of procedures in which the cecal
image documentation score was 1.
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and logistic regression models for the frequency of rectal retro-
flexed images and frequency of polyp detection. Analyses were
performed with R version 3.0.1 (www.r-project.org).

Results
!

A total of 651 procedures performed by 16 colonoscopists were
analyzed. The mean number of procedures performed by each
colonoscopist was 41.The mean age of the patients was 60.7
years, and 53.8% of the patients were female. The patient demo-
graphics are summarized in●" Table2. We had information about
the indication for 97% of the procedures (n=632). The mean CIDS
for the 16 endoscopists was 2.13.The mean PDR was 23.5%, and
the mean polyps per procedure value (PPP) was 0.42.Most of the
polyps included were adenomas; 5 right-sided hyperplastic
polyps were also included.
The 10 colonoscopists who had a mean CIDS score≥2 (n=429
procedures) were deemed “meticulous”with respect to cecal im-
age documentation. They had a PDR of 27.8% and a mean PPP of
0.51.On the other hand, the 6 colonoscopists with a mean CIDS<
2.0 (222 procedures) had a PDR of 15.2% and a mean PPP of 0.23.
Scatter plots for the colonoscopists and their PDRs and right-si-
ded PDRs are shown in●" Fig.5 and●" Fig.6, respectively. The se-

Fig.3 Examples of procedures in which the cecal
image documentation score was 2.

Fig.4 Examples of procedures in which the cecal
image documentation score was 3.

Table 2 Patient demographics and analysis.

CIDS≥2.0

(n=429)

CIDS<2.0

(n=222)

P value,

analysis

Age, mean± SD, y 59.54 ± 14.64 61.77± 13.61 0.13, W

Age≤75 y, n (%) 355 (82.8) 182 (82.0) 0.81, C

Age≥75 y, n (%) 74 (17.2) 40 (18.0)

Male, n (%) 210 (49.0) 91 (41.0) 0.054, C

Female, n (%) 219 (51.0) 131 (59.0)

Indication1

Change in bowel
habit

70 (11) 51 (8)

Loose stools 123 (19.4) 49 (7.7)

Constipation 17 (2.6) 4 (0.63)

Rectal bleeding 68 (10.7) 26 (4.1) 0.08, F

Anemia 68 (10.7) 43 (6.8)

Polyp surveillance 39 (6.1) 23 (3.6)

Abnormal imaging 3 (0.4) 1 (0.1)

Other 35 (5.5) 12 (1.8)

CIDS, cecal image documentation score; SD, standard deviation; W, Wilcoxon
rank-sum test; C, chi-squared test;. F, Fisher’s exact test.
1 Indication was available for 632 (97%) of the procedures.
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nior medical trainee endoscopist had a favorable CIDS of 2.57 and
a PDR of 21.4%. Multivariable analyses were carried out with
polyp detection (●" Table3) and right-sided polyp detection
(●" Table4) as the outcome. These show that a CIDS>2.0 is an in-
dependent predictor of both polyp detection and right-sided
polyp detection.
The CIDSwas a good predictor of the PDR for an individual proce-
dure (P=0.001). Procedures associated with higher CIDSs (2 and
3) were associated with higher PDRs (24.2% and 26.4%). On the
other hand, procedures associated with lower CIDSs (0 and 1)
were associated with lower PDRs (16.1% and 17.6%)
Because a CIDS of 2 involves taking a clear picture of the cecum,
we used a CIDS of 2 as the cutoff between meticulous and non-
meticulous colonoscopists. Meticulous endoscopists took on
average 5 more images at colonoscopy than did nonmeticulous

endoscopists (P=0.002). The meticulous endoscopists also took
retroflexed rectal images more frequently (80.6% of the time)
than did the nonmeticulous endoscopists (38.6% of the time, P=
0.016) (●" Table5).
We had data related to the duration of 91% of the procedures (n=
592). The data regarding duration were for the total duration of
each procedure and were not specifically limited to insertion or
withdrawal times. There was no statistically significant differ-
ence in procedure duration between the two groups (P=0.13)
(●" Table5).

Discussion
!

Our study shows that colonoscopists who are more meticulous in
cecal image documentation detect more polyps per procedure
and have higher PDRs. The cecum is the definitive landmark of
colonoscopy; we believe that a meticulous and enthusiastic
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Fig.5 Scatter plot comparing the cecal image documentation scores
(CIDSs) of colonoscopists with their polyp detection rates.

Table 3 Odds ratios (95%CI) derived from amultivariable logistic regression
model for the detection of polyps.

Variable Odds ratio (95%CI) P value1

Age>75 y 1.88 (1.22–2.92) 0.004

Female gender 0.71 (0.53–0.94) 0.016

Indication
Change in bowel habits
Loose stools
Constipation
Rectal bleeding
Anemia
Polyp follow-up
Abnormal imaging
Other

1.0
0.75 (0.48–1.17)
0.46 (0.11–1.90)
0.88 (0.46–1.69)
0.62 (0.42–0.90)
2.24 (1.19–4.22)
0.53 (0.08–3.36)
0.55 (0.26–1.15)

0.005

Colonoscopist with mean
CIDS > 2.0

2.53 (1.45–3.59)2 0.001

CI, confidence interval; CIDS, cecal image documentation score.
1 Wald P values are reported with generalized estimating equations to account for
correlation within colonoscopists.

2 The univariable odds ratio (95%CI) for colonoscopists with a mean CIDS of >2.0 was
2.14 (1.40–3.26).
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Fig.6 Scatter plot comparing the cecal image documentation scores
(CIDSs) of colonoscopists with their right-sided polyp detection rates.

Table 4 Odds ratios (95%CI) derived from amultivariable logistic regression
model for the detection of right-sided polyps.

Variable Odds ratio (95%CI) P value1

Age>75 y 2.30 (1.30–4.06) 0.004

Female gender 0.67 (0.42–1.09) 0.11

Indication 0.007

Change in bowel habits
Loose stools
Constipation
Rectal bleeding
Anemia
Polyp follow-up
Abnormal imaging
Other

1.0
0.95 (0.47–1.90)
0.30 (0.04–2.44)
0.64 (0.27–1.51)
0.45 (0.18–1.10)
2.71 (1.23–5.99)
1.41 (0.12–15.8)
0.83 (0.30–2.31)

Colonoscopist with mean
CIDS > 2.0

3.67 (1.91–7.02)2 < 0.001

CI, confidence interval; CIDS, cecal image documentation score.
1 Wald P values are reported with generalized estimating equations to account for
correlation within colonoscopists.

2 The univariable odds ratio (95%CI) for colonoscopists with a mean CIDS of >2.0 was
3.43 (1.86–6.34).
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endoscopist will take extra effort to obtain a convincing and clear
image of the cecum and that the same endoscopist will be meti-
culous and especially vigilant in polyp detection.
The ileocecal valve is considered to be themost reliable landmark
of the cecum because of its unique appearance [6,7]. Images of
the ileocecal valve along with the triradiate fold and appendicu-
lar orifice provide convincing evidence of a completed colonosco-
py. Terminal ileal images alone without cecal images may not be
reliable evidence of the completion of colonoscopy [8]. Therefore,
we chose cecal image documentation over terminal ileal image
documentation as a marker of completion of the procedure. Fur-
thermore, terminal ileal intubation is not always performed and
may not always be possible [9].
Endoscopy reporting has evolved over the years, particularly
with the advent of minimal standard terminology [10]. Perhaps
it is time to include meticulous cecal image documentation as
part of minimal standard terminology. The American Society for
Gastrointestinal Endoscopy (ASGE) recommends good-quality
cecal images as an indicator of the quality of colonoscopy [11].
The primary purpose of image documentation of the cecum is to
demonstrate that a complete procedure has been carried out. The
quality of cecal images determines the level of confidence that
the cecum has been reached. The European Society of Gastroin-
testinal Endoscopy (ESGE) recommends that convincing images
of the cecum be taken at colonoscopy to document completion
of the procedure [5,12]. This can be helpful for endoscopy units
during audits for cecal intubation rates.
Colonic lesions and cancers may be missed at colonoscopy for
various reasons, including the endoscopist’s erroneous belief
that the cecumwas reached [13]. It has been suggested that rou-
tinely obtaining good-quality and reliable cecal image documen-
tation can be helpful whenmedicolegal issues arise that are relat-
ed to missed pathology during colonoscopy [14].
Our study has some limitations. This was a retrospective, nonran-
domized study.We did not have data regarding withdrawal times
and withdrawal techniques. The outcome used was polyp detec-
tion rather than adenoma detection. This was because a few
right-sided hyperplastic polyps (n=5) were analyzed. As a conse-
quence of the robust exclusion process, only about 40 cases per
endoscopist were randomly chosen. We felt that an average of
40 images of the cecum per colonoscopist should be sufficient.
We compared the CIDSs of the current study period with our
endoscopy unit’s previous-year audit of individual endoscopists’
PDRs. Endoscopists with a CIDS>2.0 had a mean PDR of 31% in
the previous year’s audit, and endoscopists with a CIDS<2.0 had
a PDR of 17% in the previous year’s audit. Because this was a non-
randomized and retrospective study, we could not ensure an
equal distribution of genders across the two groups. As a result,
there was a marginal difference in the gender distribution be-
tween the two groups (P=0.054). There was a slightly higher per-

centage of female patients (59%) in the group examined by the
colonoscopists with a CIDS of<2.0 than in the group examined
by the colonoscopists with a CIDS>2.0 (51%). This probably re-
flects the higher percentage of female patients overall in the
study (53.7%).
Our study emphasizes the importance of taking good-quality
images of the cecum because this is likely to be associated with
higher PDRs. Cecal image quality may be useful as a surrogate
marker of the PDR and may serve an indicator of colonoscopy
quality.

Competing interests: None
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Polyps per procedure, mean± SD 0.42 ±0.98 0.23 ± 00.65 0.51 ± 1.10 0.009 Poisson regression models

Polyp detection rate, n (%) 153 (23.5) 34 (15.2) 119 (27.8) 0.010 Poisson regression models

Total images per procedure, mean±SD 8.63 ±5.93 4.41 ± 4.55 10.77± 5.38 0.002 Poisson regression models

Rectal retroflexed images taken, n (%) 431 (66.2) 86 (38.6) 345 (80.6) 0.016 Logistic regression models

Duration of procedure, mean± SD, min 31.68 ± 14.27 29.70± 14.67 32.47± 14.05 0.13 Linear regression models

CIDS, cecal image documentation score; SD, standard deviation.
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