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Retrospective Study

Improved bowel preparation increases polyp detection and
unmasks significant polyp miss rate
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Abstract

AIM: To retrospectively compare previous-day vs split-
dose preparation in terms of bowel cleanliness and
polyp detection in patients referred for polypectomy.

METHODS: Fifty patients underwent two colo-
noscopies: one diagnostic in a private clinic and a
second for polypectomy in a University Hospital. The
latter procedures were performed within 12 wk of the
index ones. Examinations were accomplished by two
experienced endoscopists, different in each facility.
Twenty-seven patients underwent screening/surveillance
colonoscopy, while the rest were symptomatic. Previous
day bowel preparation was utilized initially and split-
dose for polypectomy. Colon cleansing was evaluated
using the Aronchick scale. We measured the number of
detected polyps, and the polyp miss rates per-polyp.

RESULTS: Excellent/good preparation was reported

in 38 cases with previous-day preparation (76%) vs
46 with split-dose (92%), respectively (P = 0.03). One

October 16, 2015 | Volume 3 | Issue 10 |



Papanikolaou IS et a/. Improved preparation enhances polyp detection

hundred and twenty-six polyps were detected initially
and 169 subsequently (P < 0.0001); 88 vs 126 polyps
were diminutive (P < 0.0001), 25 vs 29 small (P =
0.048) and 13 vs 14 equal or larger than 10 mm. The
miss rates for total, diminutive, small and large polyps
were 25.4%, 30.1%, 13.7% and 6.6%, respectively.
Multivariate analysis revealed that split-dose preparation
was significantly associated (OR, P) with increased
number of polyps detected overall (0.869, P < 0.001),
in the right (0.418, £ = 0.008) and in the left colon
(0.452, P = 0.02).

CONCLUSION: Split-dose preparation improved colon
cleansing, enhanced polyp detection and unmasked
significant polyp miss rates.

Key words: Colonoscopy; Bowel preparation; Polyp miss
rate; Polyp detection; Colorectal cancer

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Colonoscopy and polypectomy are currently
considered as the gold standard to prevent colorectal
cancer. However, a significant proportion of precan-
cerous lesions are missed during the procedure, limiting
its efficacy and giving rise to interval cancers. Adequate
bowel cleanliness represents a major factor with regards
to colonoscopy quality. This study demonstrates that
split-dose bowel preparation results to significantly
better mucosal cleansing compared to previous-day
preparation. Moreover, we showed that preparation
with the split-dose regimen significantly enhanced polyp
detection, especially of the diminutive ones. Finally,
better inspection of the colonic epithelium unmasked a
notable polyp miss rate.

Papanikolaou IS, Sioulas AD, Magdalinos N, Beintaris
I, Lazaridis LD, Polymeros D, Malli C, Dimitriadis GD,
Triantafyllou K. Improved bowel preparation increases polyp
detection and unmasks significant polyp miss rate. World J Clin
Cases 2015; 3(10): 880-886 Available from: URL: http://www.
wjgnet.com/2307-8960/full/v3/i10/880.htm DOI: http://dx.doi.
org/10.12998/wjcc.v3.110.880

INTRODUCTION

Colonoscopy is currently regarded as the modality of
choice, in order to reduce the incidence of colorectal
cancer (CRC) and its associated mortality™™!. The
rationale behind this is its ability to detect and remove
polyps that represent precancerous lesions™?!, However,
interval CRC, namely cases that are diagnosed between
screening and post-screening surveillance examinations,
do exist*?!. The majority of them are thought to origi-
nate from missed polyps during colonoscopy. Polyp and
adenoma miss rates reach 28% and 24%, respectively,
in several studies reducing colonoscopy preventive
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[6,7]

efficacy against CRC

Numerous technical-, patient- and endoscopist-
related factors influence the detection of polyps during
colonoscopy™ ™, In this setting, international associa-
tions of endoscopy include adenoma detection rate (ADR)
among principal colonoscopy quality indicators™***!,
Poor bowel preparation is regarded as an impediment
to the detection of both small and large polyps™®.
Therefore, multiple interventions have been proposed to
improve bowel cleansing and thus increase the quality of
colonoscopy™™*7,

Using a tandem colonoscopic evaluation we inve-
stigated the impact of different timing of purgative
administration in colon cleansing and polyp detection.
Polyp miss rates, as well as variables affecting polyp
detection were also assessed.

MATERIALS AND METHODS

Study population

This retrospective study was performed on a conse-
cutive series of patients from January to December
2012. All patients were diagnosed with colon polyps
during colonoscopy in a small private clinic on an island
near Athens and were referred for polypectomy in the
Endoscopy Unit of “Attikon” University General Hospital.
Exclusion criteria included: (1) age less than 18 or
more than 80 years; (2) history of bowel resection; (3)
history of inflammatory bowel diseases; (4) suspicion of
polyposis syndrome; (5) incomplete colonoscopy (in one
of the two examinations); (6) poor bowel preparation
as assessed with the Aronchick scale; and (7) ongoing
anticoagulation treatment.

Bowel preparation

Prior to the index colonoscopies, patients received the
full dose of a 4-L polyethylene glycol (PEG) regimen
(Fortrans, Ipsen, Athens, Greece) in the previous day.
On the other hand, split dosing (3 L on the previous and
1 L on the same day) was preferred for the subsequent
colonoscopies. In all cases patients were advised to
maintain a low-fiber diet during the day preceding the
examinations.

The quality of bowel cleansing was evaluated by
the performing endoscopists using the Aronchick scale.
This assesses the preparation quality of the entire colon
as excellent (a small volume of clear liquid or greater
than 95% of the surface seen), good (a large volume
of clear liquid covering 5% to 25% of the surface but
greater than 90% of the surface was seen), fair (some
semisolid stool that could be suctioned or washed away,
but greater than 90% of the surface was seen), poor
(semisolid stool that could not be suctioned or washed
away and less than 90% of the surface was seen), or
inadequate (repeat preparation and colonoscopy was
needed)™™®. The evaluations of bowel cleanliness were
further summarized as adequate (excellent/good) and
inadequate (fair/poor).
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Colonoscopy procedure

Two equally experienced endoscopists with experience
of more than 5000 colonoscopies each did all the
examinations. Specifically, one endoscopist conducted
the diagnostic examinations using uniquely previous-
day preparation and the other performed the second
series with split-dose preparation. The endoscopist
who performed the polypectomies was not aware
of the number, size and location of polyps detected
during the first colonoscopies and had no data re-
garding the quality of bowel preparation during index
colonoscopies. Procedures were done using olympus
CF-Q145L standard-definition white-light colonoscopes
(Olympus Corporation, Tokyo, Japan). Polypectomies
were accomplished by means of forceps, snares or
endoscopic mucosal resection, as needed.

All patients signed a standard informed consent
form prior to the exam. Institutional ethics committee
approval for our study was not needed, since all patients
received the standard-of-care without reference to any
study.

During the examinations, pulse rate, arterial blood
pressure, oxygen saturation and consciousness level
were monitored. Supplemental oxygen was routinely
delivered via nasal catheters at 2 L/min. Intravenous
conscious sedation and analgesia including midazolam
(Dormicum, Roche Hellas, Athens, Greece) and
pethidine hydrochloride (Petidina cloridrato, Molteni
Farmaceutici Cilteni, Scandicci, Firenze, Italy) was
administered depending on patient’s willingness along
with comorbidities and baseline vital sighs assessment.
Reversal agents including flumazenil (Anexate, Roche
Hellas, Athens, Greece) and naloxone (Naloxon, B.
Brown Melsungen AG, Melsungen, Germany) were
available in case of sedation-related complications. No
antispasmodics were administered.

In the first colonoscopies, the colonoscopes were
advanced to the cecum and polyps were identified
during both insertion and withdrawal, counted, but not
removed. In the second examinations, all detected
polyps were resected and sent for histologic evaluation.
Adenomas larger than 1 cm and/or with high-grade
dysplasia or a villous component more than 25% were
defined as advanced adenomas. To note, numerous tiny
hyperplastic polyps in the rectosigmoid area were not
subject to assessment.

For each procedure eligible for analysis, the following
data were collected: (1) patients’ characteristics (age,
gender, American Society of Anesthesiologists-ASA
grade); (2) indication for colonoscopy; (3) sedation and
oxygen administration; (4) bowel preparation quality;
(5) polyp features (size, location, shape); and (6) other
findings. According to their size, polyps were categorized
as diminutive (< 5 mm), small (6-9 mm) and large
(= 10 mm). Polyp size was determined by comparison
with opened biopsy forceps. All colonoscopies were
performed between 8:00 a.m. and 2:00 p.m.
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Statistical analysis

Polyps per patient were calculated as number of
detected polyps/number of patients. Polyp miss rates
were calculated as: number of missed polyps/total
number of missed polyps + total number of polyps
on initial examination and presented as percentages.
Both parameters were calculated overall and within
strata of polyp size and location. Ideally, a third gold-
standard preparation methodology against which
comparisons regarding polyp miss rates were applied
should be available. Since that was not the case in our
retrospective trial we decided to use as reference the
type of bowel preparation that showed better results
regarding colon cleanliness. Therefore, no OR (95%(CI)
were calculated in the univariate analysis.

Continuous variables were presented as means or
medians and standard deviations, while categorical
ones were expressed as absolute values and percen-
tages. Differences in the number of detected colon
polyps (overall, right- and left-sided) between the two
endoscopic procedures were examined using non-
parametric related samples (Wilcoxon Signed Rank
Test) tests.

A multivariate linear regression analysis model was
constructed to examine variables associated with the
number of polyps (overall, right- and left-sided) detected
at colonoscopies (dependent variable). Independent
variables include: patients’ age; sex (male vs female),
ASA grade (1 vs 2), indication for colonoscopy (scr-
eening/surveillance vs symptoms evaluation) and the
quality of bowel preparation (adequate vs inadequate).
The OR (95%CI) and the level of significance were
calculated. A P value of less than 0.05 indicated
statistical significance.

Statistical analysis of data was carried out by
international business machines corporation (IBM) SPSS
Statistics Client for Trial 32. bit 22.0 Microsoft Windows
Multilingual (IBM, New York, USA).

RESULTS

Clinical characteristics

A total of 50 patients (28 male) completed both exa-
minations; 4 patients were excluded. Reasons for
exclusion were poor bowel preparation (n = 3) and
failure to complete the second colonoscopy secondary
to sedation-related hypoxemia (n = 1). Mean age
was 58.4 £ 11.1 years. Indication for the index
colonoscopies were: screening (n = 22), blood in stool
(n = 7), abdominal pain (n = 12), family history of
CRC (n = 2), altered bowel habits (n = 4) and post-
polypectomy surveillance (n = 3). Median interval
period between the two exams was 6 wk (range: 1-12).

Bowel preparation quality

Bowel preparation according to the Aronchick scale in
the 2 series of colonoscopies was described as excellent
in 17 (34%) vs 24 (48%) patients, good in 21 (42%)
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Figure 1 Polyp miss rates (as % percentages).

Table 1 Differences in number of detected polyps between
the 2 colonoscopies

Previous day Split-dose P value

Opverall 126 169 <0.001
Diminutive overall 88 126 <0.001
Small overall 25 29 0.046
Large overall 13 14 0.317
Right 64 84 <0.001
Diminutive right 46 62 <0.001
Small right 12 15 0.083
Large right 6 7 0.317
Left 62 85 <0.001
Diminutive left 42 64 <0.001
Small left 13 14 0.317
Large left 7 7 1.000

vs 22 (44%) patients and fair in 12 (24%) vs 4 (8%)
patients, respectively. When the evaluations of bowel
cleanliness were classified as adequate (excellent/
good) and inadequate (fair/poor), the second group of
colonoscopies showed a significant increased rate of
adequate preparations (92% vs 76%, P = 0.03).

Polyp detection and polyp miss rates

One hundred and twenty-six polyps were detected
during the first examinations. Of those, 88 were
diminutive, 25 small and 13 large; 43 additional polyps
were identified during the tandem colonoscopies divided
in 38 diminutive, 4 small and 1 large. Importantly,
better colonic cleansing with the split-dose prepara-
tion contributed to significantly increased numbers
of identified overall, right- and left-sided polyps (P <
0.0001). Significantly more diminutive polyps were
detected throughout the colon (P < 0.001), while a
marginal increase in the number of small polyps was

Baishidenge ~ WJCC | www.wjgnet.com

883

also revealed (Table 1).

The calculated miss rates regarding overall,
diminutive, small and large polyps were 25.4%, 30.1%,
13.7% and 6.6%, respectively. The overall miss rates
for polyps located in the right colon (cecum, ascending
and transverse colon) was 23.8% compared with 27%
in the left colon (distal to splenic flexure). Based on size,
the miss rates for right-sided diminutive, small and large
polyps were 25.8%, 20% and 14.2%, respectively, in
comparison to 34.3%, 7.1% and 0%, respectively, for
left-sided ones (Figure 1).

Linear regression analysis revealed that increased
patients’ age and split-dose bowel preparation were the
only variables associated with the number of polyps
detected overall. Split-dose bowel preparation entered
the model first [OR = 0.869 (95%CI: 0.456-1.283); P <
0.001], followed by increased age [OR = 0.054 (95%CI:
0.017-0.092); P = 0.005]. The same variables were
also associated with the number of polyps detected in
the right colon. Split-dose bowel preparation entered
the model first [OR = 0.418 (95%CI: 0.111-0.724);
P = 0.008], followed by increased age [OR = 0.032
(95%CI: 0.004-0.060); P = 0.024]. Split-dose bowel
preparation was the only variable associated with the
number of polyps detected in the left colon [OR = 0.452
(95%CI: 0.076-0.828); P = 0.02].

Polyp histology

A total of 169 polyps were found and resected in 50
patients during the second series of colonoscopies.
Histologic examination of resected polyps revealed
tubular adenomas (n = 110), advanced adenomas (n =
18), serrated lesions (n = 7), hyperplastic polyps (n =
51) and adenocarcinoma (n = 1). Of note, 9 advanced
adenomas and 4 serrated lesions were detected in the
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right colon, while 9 and 3 respectively, similar lesions,
were located in the left colon.

DISCUSSION

This study demonstrates that split-dose bowel pre-
paration results to significantly better mucosal cleansing
compared to previous-day preparation. Moreover, we
showed that better preparation with the split-dose
regimen significantly enhanced overall, right- and left-
sided polyp detection, especially referring to diminutive
ones. Furthermore, improved view of the colonic epithe-
lium unmasked a noteworthy polyp miss rate, inversely
linked to their size.

Colonoscopy is currently considered as the gold
standard for the detection of colonic neoplasia. However,
emerging data demonstrate that a significant pro-
portion of precancerous lesions are missed during the
procedure, limiting its efficacy and leading to interval
cancers'?.,

It is established that variations in colonoscopy qua-
lity reflect differences in numerous patient-, procedure-
and endoscopist-related parameters. Taking that into
consideration, a great body of interventions has been
conducted aiming to decrease colonoscopy’s native
imperfections, including internal audits and feedback to
individual endoscopists, education in quality indicators,
implementation of mandatory withdrawal times,
bowel preparation modifications, discussion with poor-
performers, introduction to emerging technologies,
routine sedation administration, repeat attempts for
cecal intubation and report card utilization?*2,

In terms of pre-colonoscopy bowel preparation,
numerous interventions have been suggested. These
include dietary modifications and various purgatives
alone or combined with adjunctive agents (e.g.,
prokinetics, enemas, simethicone). Timing of bowel
preparation administration has been tested in several
randomized controlled trials focusing on bowel clea-
nliness and lesion detection. Recently, the European
Society of Gastrointestinal Endoscopy adopted the
results of a meta-analysis recommending split dose
preparation for morning colonoscopies!®?**, In line with
this, our study highlights the significantly better colon
cleansing achieved with split-dose preparation, as well
as its contribution to increase polyp detection. However,
our splitting of PEG dose was 3:1, in contrast to the
recommended 2:2. Additionally, we did not collected
data with respect to patients’ satisfaction, impact on
daily activities and willingness to repeat the same bowel
preparation in the future, if indicated.

Our data supports the importance of better bowel
preparation in the detection of additional polyps. This
finding is in line with the results of Gurudu et a/f*!
demonstrating improved polyp detection rates (PDR)
and ADR with split-dosing. Unfortunately, we cannot
provide information for possible differences in adenoma
detection in the present study, as the index series of
colonoscopies was diagnostic. However, PDR and ADR
seem to correlate well, at least in segments proximal to
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the splenic flexure®!.

Miss rates for total, diminutive, small and large
polyps were 25.4%, 30.1%, 13.7% and 6.6%
respectively. These results indicate that the smaller
the polyp size, the higher the polyp miss rate, which
is in accordance to findings of previous studies!®®®,
Location did not affect the polyp miss rates similarly to
a recent study conducted by Ahn et al*’), Interestingly,
other data suggests that the risk of missing a polyp is
related to left colon location™!. However, it should be
clearly stated that no gold-standard bowel preparation
method against which our studied alternatives (i.e.,
previous-day vs split-dose preparation) were compared
in terms of polyp miss rates was available. Therefore,
we favored split-dose preparation’s findings to serve
as comparator given that it yielded significantly better
results as regards colon cleanliness. This reflects the
current knowledge that the risk of missing polyps and
adenomas during colonoscopy is affected by bowel
preparation quality™. Nevertheless, our assumption
encompasses a disadvantage of this study and weakens
its conclusions.

As obvious, this study bears several limitations. First,
we enrolled a small number of patients, which limits the
power of our results. Second, we used as as reference
methodology the results of the split-dose examination
to calculate miss rates, as presented above. Third, we
did not assess the inter-observer agreement considering
bowel preparation status evaluation. Our results could
have been affected by a possible significant discrep-
ancy between the two examiners in rating preparation
quality. Fourth, we could not provide data regarding
histological features of polyps identified in the first series
of colonoscopies (as they were not removed). Fifth,
no reports of patients’ preference in terms of timing
of purgatives administration and comfort during the
examinations were collected (the majority of patients
had received sedation). Sixth, we did not captured data
regarding withdrawal times which seem to influence
ADRs. Additionally, we did not utilize validated scales
such as Boston or Ottawa scales to assess the quality
of cleansing in each bowel segment, as the Aronchick
scale is closer to what an endoscopy unit uses in its
“normal” -outside a study-practice, which was what we
actually wanted to assess. Finally, we are not aware
of the true polyp miss rate, since we considered the
second colonoscopy as the gold standard.

In conclusion, our results support that split-dose
bowel preparation improves the quality of colonoscopy
in terms of mucosal cleanliness and polyp detection.
However, future efforts to identify barriers and develop
interventions aiming to further enhance colonoscopy
effectiveness in the prevention of CRC are also nece-
ssary, as there are many factors that contribute to a
high-quality examination.

COMMENTS

Background

Several factors influence colonoscopy quality and affect its potential to decrease
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colorectal cancer incidence. Quality of bowel preparation represents one of
the most studied ones. In this setting, numerous regimens, combinations and
administration timings have been tested. Apart from rating bowel cleanliness
achieved, polyp and adenoma detection seems to improve in parallel to the
quality of preparation. This retrospective study assesses two different schedules
of preparation regimen administration in terms of bowel cleansing and polyp
detection.

Research frontiers

In this study it is suggested that splitting preparation regimen results in better
quality of colon cleanliness than that achieved by previous-day dosing and
leads to improved polyp detection.

Innovations and breakthroughs

The authors’ 3:1 splitting of polyethylene glycol (PEG) regimen is shown to
significantly improve the adequacy of bowel preparation and increase the
number of detected polyps in both entire and colon segments. A remarkable
polyp miss rate is substantially unmasked.

Applications
The results of this study serve as additional evidence aiming to improve colon
cleanliness and polyp detection rates in every day clinical practice.

Terminology

Polyps per patient: number of detected polyps/number of patients. Polyp miss
rates: number of missed polyps/total number of missed polyps + total number of
polyps on initial examination. PEG is an osmotic laxative containing PEG, water
and added electrolytes that is used in bowel preparation prior to colonoscopy
and surgery.

Peer-review

The manuscript “Improved bowel preparation increases polyp detection and
unmasks significant polyp miss rate* is clear and well-written. The manuscript
reports on the comparison of two methodologies, full dose vs spilt dose, in
colonoscopy and concludes with the report, that split-dose regimen enhanced
polyp detection and reduced polyp miss rate.
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