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Introduction
!

As the number of colonoscopies being performed
has risen, concern has increased about missed le-
sions, incomplete polypectomies and interval
colorectal cancer (CRC). Suboptimal levels of colo-
noscopy quality are suspected to be partly
responsible for these flaws [1,2]. Both the efficacy
of colonoscopy and the success of screening and
surveillance programs have been theorized to de-
pend on the quality of the procedure [3–5].
Moreover, specific quality parameters have been
considered independent predictors of interval
cancer risk [4,6]. Therefore, endoscopists world-
wide have been encouraged to report quality in-
dicators and institutional improvement programs
in order to evaluate their performance [5,7–9]. It
has been argued that quality measurements are
expensive and difficult to accomplish in a busy
practice [10]. However, a study demonstrated
that members of a private center can evaluate
their performance and measure critical aspects

of their practice to improve the quality of patient
care [11].
Indicators of colonoscopy quality have been in-
vestigated separately in several studies, most of
them retrospective or based on academic scenar-
ios [6,11–16]. Considering these antecedents, we
decided to carry out a prospective study aimed at
assessing whether implementation of a program
to improve the quality of colonoscopy increases
the neoplasia detection rate in the everyday
scenario of our nonacademic private endoscopy
center.

Patients and methods
!

From May 2009 to March 2010, we prospectively
analyzed 1573 consecutive outpatient colonosco-
pies in order to evaluate our performance in
terms of quality (Group 1). At the end of this peri-
od we implemented a quality enhancement pro-
gram, focused both on patients and physicians,
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Background and study aims: Endoscopists world-
wide have been encouraged to report quality in-
dicators in order to evaluate their performance.
We aimed to determine whether a program to
improve the quality of colonoscopy results in bet-
ter rates of neoplasia detection.
Patients and methods: This is a prospective study
set in a private endoscopy center. From May 2009
to March 2010, we evaluated 1573 consecutive
colonoscopies (group 1). After the implementa-
tion of a quality program, from February 2011 to
January 2012, we prospectively evaluated 1583
colonoscopies (group 2). Our quality-enhancing
intervention consisted of instructing both pa-
tients and endoscopists. We measured the cecal
intubation rate and the neoplasia detection rate.
Overall neoplasias, high-risk adenomas, carcino-
mas, right colon adenomas, and adenomas de-
tected in screening studies were analyzed.

Results: Cecal intubation was documented in
1384 cases from group 1 (88%) and 1534 from
group 2 (96.9%) (P<0.0001). The neoplasia detec-
tion rates in groups 1 and 2 were, respectively:
neoplasias 288 (18.3%) and 427 (27%) (P<
0.0001), high-risk adenomas 76 (4.8%) and 142
(9%) (P<0.0001), carcinomas 16 (1%) and 21
(1.3%) (P=0.52), right colon adenomas 112 (7.1%)
and 154 (9.7%) (P=0.01), and adenomas 141
(16.5%) and 233 (28%) (P<0.0001).
Conclusions: Implementation of a quality pro-
gram improves the neoplasia detection rate. Be-
cause of the small number of cancerous lesions
found in both groups, we were unable to identify
differences in the carcinoma detection rate.



based on international guidelines for colonoscopy practice. From
February 2011 to January 2012, we then prospectively analyzed
1583 consecutive colonoscopies in order to evaluate the effect of
our intervention (Group 2).
Our private center is devoted to clinical gastroenterology and
endoscopy practice. Virtually all patients attending the center be-
long to health private insurance systems and live in the Buenos
Aires city area. Colonoscopies were performed in consecutive
outpatients under routine indications of everyday clinical prac-
tice by five experienced endoscopists (LAV, AW, GAD, LDP, RUS).
They used GIF-0140, GIF-0150 and GIF-0160 video endoscopes
(Olympus Medical Systems Corp, Tokyo, Japan). All the proce-
dures were performed under propofol sedation.
Written informed consent for endoscopy was obtained from all
the patients. No additional procedures other than those indicated
by the prescribing physicians or by the endoscopic findings were
performed. We only performed a service improvement project
and our institutional reviewers considered that another special
consent was not required.
Patients with a previous diagnosis of inflammatory bowel dis-
ease or colonic resections were excluded from the study. In order
to evaluate the homogeneity of both groups, we compared mean
age, gender, and number of screening colonoscopies, including in
this group high-risk (family history of CRC) and average-risk en-
doscopies (aged older than 50 years). Severe complications of the
procedure were recorded.

Quality program
Our quality-enhancing intervention consisted of instructing both
patients and physicians.
Patients were instructed to follow a diet for 3 days before the pro-
cedure that excluded fruits, vegetables, cereals, seeds, and dairy
products. During the day before colonoscopy, we recommended
consumption of an infusion, crackers and quince jelly for break-
fast, a mid-afternoon snack, and a plate of pasta and gelatin for
lunch. Clear liquids were allowed up to 4 hours before the proce-
dure. The selected cleansing agent was monosodium phosphate/
disodium phosphate (Novonil®), except in patients aged 70 years
and older or who had a history of kidney failure, severe hyper-
tension or congestive heart failure. Polyethylene glycol (Barex®)
was the recommended option in these cases [17]. All bowel pre-
parations were performed using a two-dose scheme with an in-
terval of 2 hours between doses. Patients took the two doses the
previous evening when the study was performed in the morning
and early in the morning when the study was performed in the
afternoon.
Endoscopists were instructed to systematically register cecal in-
tubation, both in the written report and in the photographic doc-
umentation, and to employ a minimum of 6-minute withdrawal
time from the deep cecum to the anus (measured by the use of a
timer) in all studies not requiring polypectomies or biopsies. In
order to evaluate colon cleansing more objectively, endoscopists
were trained in the use of the Boston Bowel Preparation Scale
(BBPS) with a learning video. They were also trained to look for
mucus-covered lesions in the right colon. Training of endos-
copists included weekly meetings devoted to analyze each item
related to quality of colonoscopy by means of lectures, learning
videos, and analysis of videos recorded in our center. Training
also included a self-directed teaching during each endoscopy ses-
sion. Reports were custom-designed so as to include the indica-
tion for colonoscopy (i.e. average-risk screening, personal history
of neoplasia, family history of neoplasia or symptoms), cleansing

evaluation according to the BBPS and proper documentation of
the extension of the colon reached and of the lesions found.

Quality indicators
To assess the results of our program, we defined several param-
eters as quality indicators. First, we analyzed colon preparations
using the BBPS.We considered a cutoff of 6 points to differentiate
patients with adequate preparation from those with inadequate
preparation, assuming that patients with scores of 8 and 9 had
an excellent preparation and visualization of mucosa; patients
with scores of 6 and 7, a good preparation; and patients with
scores of less than 6, a fair preparation. We also used an average
BBPS for the comparison of patients with andwithout neoplasias.
Second, we analyzed patients according to the time the proce-
dure was performed. If their colonoscopies were performed be-
tween 8 am and 10 am or 2 pm and 4 pm, patients were included
in the “early group.” If colonoscopies were performed after 10 am
or 4 pm, they were included in the “late group.” With this divi-
sion we aimed to evaluate whether colonoscopies performed in
hours closer to the last dose of laxative had a better colon cleans-
ing and consequently better rates of neoplasia detection.
Finally, we classified our patients according to the institution
where the prescribing physician was employed. Because in our
unit we perform colonoscopies prescribed not only by the gastro-
enterologists of our own center, but also by various specialists
(namely gastroenterologists, clinicians, oncologists and sur-
geons) from other institutions, we divided our population into
“internal” patients when the colonoscopies were prescribed by
our own gastroenterologists and “external” patients when they
were prescribed by physicians from other institutions. Both
groups received written instructions, but during consultation
with internal patients, our gastroenterologists systematically ex-
plained issues regarding the preparation and the procedure. We
hypothesized that bowel cleansing would improvewhen oral and
personalized explanations were added to the usual written in-
structions.
We defined cecal intubation as deep intubation within the ce-
cum, with the tip of the endoscope being able to touch the appen-
diceal orifice, thus allowing visualization of the inner wall [7].

Outcomes
Outcomes included the cecal intubation rate and the neoplasia
detection rate correctly recorded in the report. Neoplasia detec-
tion rate was considered as the percentage of patients with at
least one adenoma, taking into account the more severe lesion
and independent of the number of lesions found. When the rate
of neoplasia detection was evaluated, overall detection and de-
tection of high-risk adenomas, carcinomas, right colon adenomas
and adenomas in screening studies were analyzed. High-risk
adenomas were defined as those either larger than 1cm (meas-
ured by an open biopsy forceps), villous or tubulo-villous, serra-
ted, or with high-grade dysplasia [18,19].

Data analysis
The anonymous database was evaluated by two independent
gastroenterologists who had not performed the endoscopies
(FC, JLF). We used a chi-squared test for the statistical analysis of
dichotomous variables. After confirming the normal distribution
of our data, we used an unpaired Student’s t test for the continu-
ous variables. A P value lower than 0.05 was considered signifi-
cant. We calculated the corresponding odds ratios (OR) with their
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respective 95% confidence intervals (95% CI) asmeasures of asso-
ciation.

Results
!

Basal comparison of both groups
There were no differences between the 1573 colonoscopies in
group 1 and the 1583 colonoscopies in group 2 regarding
mean age, sex, and indication for colonoscopy. In group 1, the
mean age of patients was 57.29±12.01 years in group 1 and
56.83±11.64 years in group 2 (P=0.27). Seven hundred and
twenty-eight (46.3%) patients in group 1 and 780 (49.3%) in
group 2 were men (P=0.10). There were 854 screening colonos-
copies in group 1 (54.3%) and 833 in group 2 (52.6%) (P=0.37)
(●" Table1). The average dose of propofol was 300mg (range
200 to 600mg). Three severe adverse events were observed:
two bleeding episodes, one in each group, which stopped after
the endoscopic treatment, and one overt perforation in group 1
that required surgical treatment.

Cecal intubation
Cecal intubation was documented in 1384 cases from group 1
(88%) and 1534 from group 2 (96.9%) (P<0.0001). The section of
colon reached by the colonoscopewas documented in 1481 cases
from group 1 (94.2%) and in all cases from group 2 (100%) (P<
0.0001). Even considering the possibility that the 92 non-docu-
mented colonoscopies were complete studies, this increased
rate of cecal intubation in group 1 would remain significantly
lower than the rate in group 2 (P<0.0001).

Neoplasia detection
The neoplasia detection rate was 18.3% (288 patients with neo-
plasias) in group 1 and 27.0% (427 patients with neoplasias) in
group 2 (P<0.0001).
High-risk adenomas were detected in 76 patients (4.8%) from
group 1 and 142 (9%) from group 2 (P<0.0001). Carcinomas
were detected in 16 patients (1%) from group 1 and 21 (1.3%)
from group 2 (P=0.52).
Serrated adenomas were detected in 11 patients (0.7%) from
group 1 and in 14 (0.9%) from group 2 (P=0.70), all of them in
the right colon.
Neoplasias were located in the right colon in 112 patients (7.1%)
from group 1 and in 154 patients (9.7%) from group 2 (P=0.01).
The neoplasia detection rate was 16.5% (141 patients with neo-
plasias) in the 854 screening colonoscopies from group 1 and
28% (233 patients with neoplasias) in the 833 screening colonos-
copies from group 2 (P<0.0001).
Neoplasia detection rates in both groups are summarized in
●" Table 2.

Quality indicators in group 2
When data about bowel preparation were analyzed, the mean
BBPS was 6.65±1.5 in patients with neoplasias and 6.43±1.6 in
patients without neoplasias (P=0.017). Neoplasias were detected
in 333 of 1174 cases with a BBPS greater than or equal to 6
(28.4%) and in 91 of 406 cases with a BBPS lower than 6 (22.4%)
(P=0.02, OR 1.37 [95% CI 1.04–1.80]). Three patients were ex-
cluded from the analysis of bowel preparation because they had
rectal tumors that did not allow the passage of the endoscope.

Regarding the time of the procedure, 255 of 916 cases in the early
group (27.8%) and 172 of 667 cases in the late group had neopla-
sias (25.8%) (P=0.39, OR 1.1 [95% CI 0.88–1.40]).
Neoplasias were found in 191 of 618 internal patients (30.9%)
and in 236 of 965 (24.5%) external patients (P=0.006, OR 1.38
[95% CI 1.10–1.74]). The average BBPS was 6.8±1.5 in internal
patients and 6.2±1.6 in external patients (P<0.0001).
Quality indicators in group 2 are summarized in●" Table3.

Discussion
!

Our study demonstrates that it is possible to improve the per-
formance of colonoscopy in the everyday scenario of a non-aca-
demic private endoscopy center, with a higher neoplasia detec-
tion rate, by means of a quality program based on instructive
measures to patients and endoscopists. To our knowledge, this is
the first study that evaluated quantitative parameters and
reached this conclusion.
The need for quality assurance in colonoscopy has been empha-
sized by several authors and by endoscopy organizations [2,9,
20]. There are multiple reasons for evaluating quality through ac-
curate data, namely screening benefits, correct health funding,
and legal issues [9,21]. Furthermore, quality assurance evalua-
tions according to international standards are recommended for
an adequate comparison among centers and endoscopists [9].
Our quality program allowed us to reach an optimal cecal intuba-
tion and to document this target according to recommendations
in the literature [2,5,7,9].
Detection and removal of adenomas reduces the risk of subse-
quent cancer [22]. A recent study by Corley et al showed the im-
portance of detection of adenomas in reducing risks of interval
colorectal cancer, advanced-stage interval cancer, and fatal inter-

Table 1 Basal comparison between Group 1 and Group 2.

Detection rate Group 1

n=1573

Group 2

n=1583

P

Mean age
(years ± SD)

57.29± 12.01 56.83+ 11.64 0.27

Men [n (%)] 728 (46.3) 780 (49.3) 0.10

Screening colonos-
copy [n (%)]

854 (54.3) 833 (52.6) 0.37

Table 2 Neoplasia detection rates in Group 1 and Group 2.

Detection rate Group 1

n=1573

n (%)

Group 2

n=1583

n (%)

P

Overall patients with
neoplasias

288 (18.3) 427 (27.0) < 0.0001

Patients with
high-risk adenomas

76 (4.8) 142 (9.0) < 0.0001

Patients with
carcinomas

16 (1.0) 21 (1.3) 0.52

Patients with
serrated adenomas

11 (0.7) 14 (0.9) 0.70

Patients with neo-
plasias in the right
colon

112 (7.1) 154 (9.7) 0.01

Patients with neo-
plasias in screening

141/854 (16.5) 233/833 (28.0) < 0.0001
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val cancer [6]. Owing to these reasons, the neoplasia detection
rate was considered the main outcome of our study. Our detec-
tion rates were similar to that reported by Barclay et al. [11],
(overall detection rate 23.5% and advanced adenoma detection
rate 5.2%), but we want to point out the significant increase in
the rates when the quality programwas implemented. Therefore,
it can be stated that quality measurement is another factor that
influences the neoplasia detection rate. The improvement in neo-
plasia detection rate was also demonstrated when high-risk ade-
nomas, neoplasias detected on screening colonoscopies, and neo-
plasias located in the right colon were considered. It is important
to achieve a higher neoplasia detection rate in the right colon.
Given the small number of serrated adenomas and cancerous le-
sions found in both groups, we were unable to identify between-
group differences in rates of serrated adenoma or carcinoma de-
tection.
Introduction of the instruction program allowed us to adequately
evaluate additional quality indicators. An appropriate colon
cleansing is one of the key factors in achieving a high-quality co-
lonoscopy. Incomplete visualization of themucosa leads to longer
studies, higher complication rates, shorter intervals between co-
lonoscopies, and increased costs [12]. Furthermore, with subop-
timal preparation, the rate of missed adenomas rises to 42% for
all adenomas and to 27% for advanced adenomas [13]. Multiple
workgroups and international recommendations suggest that ev-
ery colonoscopy report should include an evaluation of the qual-
ity of bowel preparation [3,5,9,23]. In our center, we chose the
BBPS because it evaluates total visualization of the mucosa (after
washing and removing debris) and because a good score is relat-
ed to polyp detection rates [16,24]. According to these data, we
could also demonstrate that the neoplasia detection rate im-
proved in patients with an adequate preparation, either consid-
ering the mean value or a cutoff level of 6.
Some authors have suggested that the time at which the proce-
dure is performed might influence neoplasia detection rates. We
failed to find any difference between early and late colonosco-
pies. On the other hand, results were significantly better when
patients were from our center, probably because our attending
physicians exhaustively explained the requirements for a good
preparation.
We did not evaluate the colonoscopy withdrawal time because it
was not recorded in the first period and after instructing the
endoscopists, a 6-minute interval was systematically employed.
Considering that, we realize that a weakness of our study lies in
the lack of some quality data in group 1.Another weakness of our
study is that no long-term efficacy was evaluated. A Hawthorne
effect cannot be excluded and the possibility exists that the
endoscopists improved their behavior in response to awareness
of being observed but that is impossible to assess.

The main strength of our investigation is the quantitative com-
parison that demonstrated the benefits of a quality program. An-
other strong point is the homogeneity of both comparison
groups, because the center where the procedures were per-
formed, the social status of the patients, the team (endoscopists,
anesthesiologists and nurses), and the equipment used (endo-
scopes of the standard series available in our country and endos-
copy rooms) all were the same.
We conclude that implementation of a program to improve the
quality of colonoscopy facilitates detection of a significantly high-
er number of neoplasias, including high-risk adenomas and right
colon adenomas. We should also point out that patients who re-
ceive an oral and personalized explanation by an experienced
gastroenterologist, in addition to written instructions, can
achieve better compliance and better colon cleansing. Quality
should be systematically measured and reported. Instruction
programs focused on both patients and physicians should be im-
plemented in private endoscopy centers that are looking to im-
prove their performance.

Competing interests: None
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