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Background: Adequate bowel preparation for colonoscopy is an

important predictor of colonoscopy quality.
OBJECTIVE: To determine the difference in terms of effectiveness
between different existing colon cleansing products in the setting of a
colorectal cancer screening program.
Methods: The records of consecutive patients who underwent colonoscopy at the Montreal General Hospital (Montreal, Quebec) between
April 2013 and April 2014 were retrospectively extracted from a dedicated electronic digestive endoscopic institutional database.
Results: Overall, 2867 charts of patients undergoing colonoscopy
were assessed, of which 1130 colonoscopies were performed in a
screening setting; patients had adequate bowel preparation in 90%.
Quality of preparation was documented in only 61%. Bowel preparation was worse in patients receiving sodium picosulfate (PICO) alone
compared with polyethylene glycol, in a screening setting (OR 0.3 [95%
CI 0.2 to 0.6]). Regardless of the preparation type, the odds of achieving adequate quality cleansing was 6.6 for patients receiving a splitdose regimen (OR 6.6 [95% CI 2.1 to 21.1]). In multivariable analyses,
clinical variables associated with inadequate bowel preparation in
combined population were use of PICO, a nonsplit regimen and inpatient status. The polyp detection rate was very high (45.6%) and was
correlated with withdrawal time.
Conclusion: Preparation quality needs to be more consistently
included in the colonoscopy report. Split-dose regimens increased the
quality of colon cleansing across all types of preparations and should be
the preferred method of administration. Polyethylene glycol alone provided better bowel cleansing efficacy than PICO in a screening setting
but PICO remains an alternative in association with an adjuvant.
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C

olorectal cancer (CRC) is the third most common cancer in the
world, with nearly 1.4 million new cases diagnosed in 2012, and
one of the leading causes of death from cancer in Canada and worldwide
(1-3). CRC screening has the potential for being the most cost-effective
cancer screening in terms of both prevention and early detection (4).
There exist no convincing data establishing the superiority of any
one colon cleansing product over another, with conflicting summary
data in the literature as summarized in a recent meta-analysis (5). It
appears that some of these products are generally well tolerated
according, in part, to patient characteristics. Following black boxing,

Une préparation intestinale de polyéthylèneglycol
comparée à celle de picosulfate de sodium dans un
programme de dépistage du cancer colorectal
HISTORIQUE : Une bonne préparation intestinale en vue de la coloscopie est un important prédicteur de la qualité de l’intervention.
OBJECTIF : Déterminer la différence d’efficacité entre divers produits
de nettoyage du côlon dans le cadre d’un programme de dépistage du
cancer colorectal.
MÉTHODOLOGIE : Les chercheurs ont examiné les patients consécutifs qui ont subi une coloscopie à l’Hôpital général de Montréal, au
Québec, entre avril 2013 et avril 2014. Ils les ont extraits d’une base de
données rétrospective de l’établissement consacrée aux endoscopies
digestives.
RÉSULTATS : Les chercheurs ont évalué le dossier de 2 867 patients qui
avaient subi une coloscopie, dont 1 130 dans le cadre d’un dépistage. Au
total, 90 % des patients avaient eu une bonne préparation coloscopique.
La qualité de la préparation n’était consignée que chez 61 % des patients.
La préparation intestinale était moins bonne chez les patients qui avaient
reçu du picosulfate de sodium (PICO) seul au lieu du polyéthylèneglycol
dans le cadre du dépistage (rapport de cotes [RC] 0,3 [95 % IC 0,2 à
0,6]). Quel que soit le type de préparation, la possibilité d’obtenir un
nettoyage de bonne qualité était 6,6 fois plus élevée chez les patients qui
recevaient une dose divisée (RC 6,6 [95 % IC 2,1 à 21,1]). Dans les
analyses multivariables, les variables cliniques associées à une préparation intestinale inadéquate dans une population combinée étaient
l’utilisation de PICO, l’administration en une seule dose et
l’hospitalisation. Le taux de dépistage de polypes, très élevé (45,6 %),
était corrélé avec le délai d’attente.
CONCLUSION : Il faut consigner plus systématiquement la qualité des
préparations dans le rapport de coloscopie. La division des doses accroît la
qualité du nettoyage du côlon dans tous les types de préparation et devrait
être favorisée. L’efficacité du nettoyage intestinal par le polyéthylèneglycol
seul était préférable au PICO dans un cadre de dépistage, mais le PICO
demeure une solution s’il s’associe à un adjuvant.

and in some jurisdictions withdrawal of sodium phosphate due to rare
but significant renal toxicity (6), two of the main products that share
the market in Canada include polyethylene glycol (PEG) and a preparation of sodium picosulfate plus magnesium oxide (PICO).
PEG preparations have long been proven safe and efficacious
(7-9); however, the main issue with PEG is its relatively low patient
adherence, mainly due to its taste and the large volume patients
must consume (3 L to 4 L). It has been estimated that at least 5%
to 15% of patients do not complete the preparation due to the large
volume and/or poor palatability (10). As an alternative, low-volume
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hyperosmolar preparations have recently emerged. PICO has been
approved in Canada since 2004 and in the United States since 2012.
The dual-action bowel cleansing preparation containing sodium
picosulfate and magnesium citrate acts as both stimulant and osmotic
laxative to clean the colon. Compared with sodium phosphate,
PICO revealed comparable cleansing efficacy but with better tolerance (11), while its comparative efficacy with PEG remains unclear
with conflicting results (8,12-14).
Regardless of the type of preparation, splitting the volume over two
days appears to be more effective and improves tolerance (15). The
superiority of split-dosing may relate to the shortened interval of time
between the last intake of preparation product and the colonoscopy
(16). Aligned with this theory, the European Society of Gastrointestinal
Endoscopy and the US Multi-Society Task Force (US MSTF) on CRC
recommend a split-dose regimen for morning colonoscopy and a sameday regimen for afternoon colonoscopy (17,18).
To the best of our knowledge, the comparative effectiveness of
these different preparations in a specific population screening program
setting is not known. Of note, the need for repeat procedures because
of a poor preparation carries a significant cost burden, especially in the
context of a population-based CRC screening program with limited
resource availability and may affect the subsequent uptake of colonoscopy in healthy individuals (19). It was, therefore, necessary to identify the optimal bowel preparation in terms of effectiveness in a ‘real
life’ setting, to make recommendations for the optimal future deployment of the Quebec Ministry of Health and Social Services population-based CRC provincial screening program (PQDCCR). The
Montreal General Hospital, site of the McGill University Health
Centre (MUHC-MGH, Montreal, Quebec) has been chosen as a pilot
site to ensure the performance of colonoscopies follows established
standards of care before full program deployment; therefore, we
reviewed colon preparation performances of patients undergoing a
screening colonoscopy on this site.
The primary objective of the present study was to assess bowel
cleanliness after different existing colonoscopy preparations in a cancer screening program setting. We also aimed to identify independent
predictors of inadequate bowel preparation and polyp detection rate
(PDR) by assessing different indicators, in addition to colonic preparations, such as age, sex, American Society of Anesthesiologists
(ASA) score, patient status (inpatient versus outpatient) and indication for colonoscopy.

Methods

A cross-sectional study using an anonymized endoscopic electronic
database, including consecutive patients referred for colonoscopy, was
conducted. The MUHC-MGH is a tertiary care institution with a fiveroom endoscopy unit staffed by 12 medical and surgical endoscopists,
performing >6500 colonoscopies yearly. All patients receive an information sheet on colon cancer screening, colonoscopy and specific
bowel preparation instructions beforehand, while consent is obtained
by the endoscopist on the day of the procedure. Endoscopists use a
commercial computerized endoscopic report generator (Endoworks,
Olympus Inc, USA) modified to fulfill PQDCCR-recommended quality indicator collection (20). For the purpose of the present study, the
corresponding endoscopic patient database over a one-year period
spanning April 2013 to April 2014 was accessed. The records of consecutive patients were retrospectively extracted and analyzed when
the type of products for the bowel preparation was documented. Also
tracked were several validated preprocedural, intraprocedural and
postprocedural quality indicators. The study protocol was approved by
an independent ethics committee.
Definition
Quality indicators extracted were separated as follows: preprocedural
indicators (appropriate indication, colonic preparation, clinical
characteristics [sex, age, ASA score, inpatients]); intraprocedural
indicators (bowel preparation quality, rates of cecal intubation, PDR,
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colonoscopy withdrawal time); and postprocedure indicators (completeness of colonoscopy and complication rates including perforation
and bleeding).
The primary outcome was preparation adequacy. At colonoscopy,
gastroenterologists at the MGH assess colonic cleaning using the following modified validated scale recommended by the PQDCCR,
which is a modification of the Aronchick scale (21): excellent – no
fecal matter or nearly none in the colon, small to moderate amounts of
liquid easily suctioned; good – no fecal matter or nearly none in the
colon, large amounts of liquid easily suctioned; fair – some semisolid
stool that could be suctioned or washed away with difficulty; and poor –
semisolid stool that could not be suctioned or washed away, complete
colonoscopy impossible
According to the established criteria, bowel preparations were classified as ‘excellent’ or ‘good’ for the procedure to be considered valid
and meet the criteria of an adequate preparation (the definition was
embedded in the reporting system, providing point-of-care referencing). A pre-planned dichotomization was performed by grouping
excellent or good bowel preparation versus fair, poor (ie, excellent or
good = adequate versus fair or poor = inadequate preparation), consistent with US MSTF operational recommendations (18).
‘Screening indication’ was defined as a colonoscopy performed for
subjects without any symptoms who are at average or high risk for
colonic cancer. Colonoscopy performed after immunochemical fecal
occult blood test was also considered to be a ‘screening indication’.
Different regimens of colon cleansing product groups were compared in terms of efficacy and reported as follows: PEG versus others;
PEG versus PICO; split versus non split; PEG split versus PEG non
split; all preparations + adjuvant versus all preparations; PEG + adjuvant versus PEG; and PICO + adjuvant versus PICO.
Adjuvants reported were magnesium (Mg) citrate or bisacodyl. Of
note, PICO used at MGH already contains Mg citrate. Therefore,
PICO + Mg citrate means addition of Mg citrate to a pre-existing
PICO + Mg citrate solution.
Statistical analyses
Descriptive variables are presented as means ± SDs for continuous
variables and proportions with 95% CIs for categorical variables.
Inferential testing was performed using χ2 tests, Fischer’s tests or t tests,
where appropriate. The effect of different colon cleansing product
groups on preparation adequacy was first examined by performing an
unadjusted analysis, using χ2 testing. Results are reported with ORs
and 95% CIs. The product group/preparation adequacy association
was then stratified according to each potential available confounder
in turn (age, sex, indication of colonoscopy, ASA score, inpatient),
allowing the assessment of potential effect modifiers and confounding
at this stage. If no significant heterogeneity was detected among
strata, a pooled Mantel-Haenszel OR for preparation adequacy comparing cleansing product group was produced and compared with the
crude OR to assess the extent of confounding in a table. Multiple
logistic regressions of outcomes on combinations of potential risk factors were performed with variables selected through forward fitting.
Likelihood ratio tests were performed to assess the goodness of fit of
different models.
Separate multivariable regression analyses were performed to adjust
for all potential confounders and to identify potential independents
predictors for an inadequate bowel preparation and PDR. For both
analyses, stratified analysis according to the indication was performed.
The software used for all statistical computations was SPSS version
20.0 (IBM Corporation, USA).
Sample size
Assuming a satisfactory rate of 90%, the estimated number of 3000
participants was significantly higher than the 213 patients needed per
colonoscopic preparation group to reach 80% power to detect a
between-group difference in efficacy of 10% at a two-sided significance
level of 0.05.
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Table 1
Patient characteristics and procedure description
Missing,
n

4%

Overall
(n=2867)

Screening
(n=1130)

Nonscreening
(n=1737)

60.4±13.5

59.5±9.9

61.0±15.4 <0.01

P*

Patient characteristics
Age, years,
mean ± SD

17

18–25

39 (1.4)

0 (0)

39 (2.3)

25–50

498 (17.5)

156 (13.9)

342 (19.8)

50–75

1927 (67.6)

<0.01

386 (13.5)

68 (6.0)

318 (18.4)

1432 (50.1)

579 (51.4)

853 (49.3)

0.3

108 (3.8)

0 (0)

108 (6.2)

<0.01

468

1.42±0.52

1.34±0.47

1.47±0.54 <0.01

ASA 1

1414±58.9

602±65.8

812±54.7 <0.01

ASA 2

953±39.7

312±34.1

641±43.2

ASA 3

31±1.3

1±0.1

30±2.0

ASA 4

1±0.1

Inpatients
ASA score
mean ± SD

Follow-up
9%

39%

0±0

Bleeding
Bowel habits
modification

19%

Inflammatory bowel
disease

900 (80.1) 1027 (59.5)

11

>75
Male sex

Screening

10%

Others

19%

Figure 1) Indications for colonoscopy

95

1±0.1

90

Procedure description
Type of bowel
preparation

0

85
Screening setting

PEG

1720 (60)

633 (56.0) 1087 (62.6) <0.01

PICO

1124 (39.2)

496 (43.9)

628 (36.2)

20 (0.7)

0 (0)

20 (1.2)

Enema

3 (0.1)

1 (0.1)

2 (0.1)

Use of adjuvants

368 (12.8)

158 (14.0)

210 (12.1)

0.1

PEG + Mg citrate

121 (4.2)

63 (5.6)

58 (3.3)

0.1

PICO + Mg citrate

238 (8.3)

91 (8.1)

147 (8.5)

PEG + bisacodyl

4 (0.1)

2 (0.2)

2 (0.1)

PICO + bisacodyl

5 (0.2)

2 (0.2)

3 (0.2)

119 (4.2)

55 (6.2)

64 (4.6)

Split regimen

579

Adequate
Withdrawal time,
min, mean ± SD

0.1

1100

Documented
1478

1767(61.6)

748 (66.2) 1019 (58.6)

1484 (84.0)

672 (89.8))

812 (79.7) <0.01

9.76±4.4

9.20±4.2

0.02

515 (45.6)

9.4±4.3

Polyp detection rate

0

1255 (43.8)

740 (42.6)

0.1

Cecal intubation

57

2699 (96.0) 1071 (96.1) 1628 (96.0)

0.8

Complication

1

13 (0.5)

4 (0.4)

9 (0.5)

0.5

Data presented as n (%) unless otherwise indicated. *Comparisons made
between the screening and non-screening setting: χ2 test, Fischer test and t test
analyses. ASA American Society of Anesthesiology; Mg Magnesium; PEG
Polyethylene glycol; PICO Sodium picosulfate

RESULTS
Patients’ characteristics and procedure description
A total of 6304 colonoscopies were performed at the MUHC-MGH
from April 1, 2013 to April 30, 2014. Colonoscopies for which the type
of bowel preparation was not identified (n=3437) were excluded, leaving
2867 colonoscopies for 2730 patients (50.1% men, mean age 60.4 years,
96.2% outpatients). Of note, colonoscopy indications and patient characteristics (age and sex) did not differ in the excluded group.
Most (67.6%) patients were between 50 and 75 years of age,
without significant acute illness as expressed by the mean ASA score
<2 (Table 1). Colonoscopies were performed in a screening setting in
1130 patients (39.4%) versus 1737 (60.6%) for other indications.
The indications for a colonoscopy performed outside the screening
setting are described in Figure 1. In an analysis restricted to endoscopy for screening, patients characteristics differed significantly
compared with the nonscreening group because patients were
younger (mean [± SD] age 59.5±9.9 versus 61±15.4 years; P<0.01)

386

Overall

75

Adjuvants alone

Quality of
preparation

80

70
PEG

PICO

Figure 2) Percentage of adequate preparation with the two most commonly
used preparations in screening setting and overall. PEG Polyethylene glycol;
PICO Sodium picosulfate
and in better health (mean ASA score 1.34±0.47 versus 1.47±0.54;
P<0.01) (Table 1).
The two most commonly used products both overall and in the
screening setting were PEG- and PICO-based preparations (60% and
39.2%, respectively, overall, and 56.1% and 43.9%, respectively, for
a screening indication). Adjuvant and split-dose regimens were used
more rarely (12.8% and 4.2%, respectively). Colonoscopies were
completed and the cecum intubated in 96%, with a complication
rate of 0.5%.
Quality of preparation
Overall, quality of preparation was adequate in 84%, reaching 89.8%
in the screening setting. Of note, the quality of preparation was documented in only 61.6%. The crude effectiveness of PEG and PICO
overall and in the screening setting are depicted in Figure 2.
Head-to-head comparisons of different products and regimens are
shown in Table 2 in crude analysis and after adjustment for the previously identified confounders in turn (ASA score, sex, age, indication),
with no effect modifiers detected at this stage. Bowel preparation was
worse in patients receiving PICO compared with PEG, even after
adjustment for ASA score, sex, age and indication of colonoscopy
(OR 0.3 [95% CI 0.2 to 0.4]) (Table 3). A similar finding was noted
when restricting the analysis to screening indications (OR 0.3 [95%
CI 0.2 to 0.6]). Overall, PEG in a split-dosing regimen yielded significantly greater proportions of patients with adequate preparations (OR
7.0 [95% CI 1.7 to 29.1]). Split-dose regimens, regardless of the product used and the indication of colonoscopy, achieved better quality
preparation in the overall population (OR 6.6 [95% CI 2.1 to 21.1]),
with a trend noted in colonoscopies for screening indications (OR
5.8 [95% CI 0.8 to 43.6]) (P=0.08) (Table 3). There were no clinically
relevant differences in bowel preparation between regimens with use
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Table 2
Head-to-head comparison of different bowel preparations
in terms of quality of preparation, adjusted for potential
confounders in turn

Table 3
Multivariable analysis of different bowel preparations in
terms of quality of preparation in screening setting and
overall

Bowel preparation

Overall
OR* (95% CI)

PEG versus others

1.2 (0.9–1.5)

1.8 (1.1–2.8)

PICO vs PEG

Adjusted for ASA score

1.4 (1.1–1.9)

1.9 (1.1–3.4)

Adjusted for sex

1.2 (0.0–1.5)

1.8 (1.1–3.0)

Split regimen vs 6.6 (2.1–21.1)
non split

Adjusted for age

1.2 (0.9–1.5)

1.8 (1.1–2.9)

Adjusted for indication

1.2 (0.9–1.6)

PICO versus PEG

Screening setting
OR* (95% CI)

–

0.6 (0.5–0.8)

0.5 (0.3–0.7)

Adjusted for ASA score

0.3 (0.2–0.4)

0.2 (0.2–0.4)

Adjusted for sex

0.6 (0.5–0.8)

0.5 (0.4–0.7)

Adjusted for age

0.6 (0.4–0.8)

0.5 (0.4–0.7)

Adjusted for indication

0.5 (0.4–0.7)

–

6.6 (2.0–21.0)

6.0 (0.8–44.4)

Adjusted for ASA score

6.7 (2.1–21.6)

5.8 (0.8–44.7

Adjusted for sex

6.4 (2.0–20.4)

5.7 (0.8–41.8)

Adjusted for age

6.6 (2.0–21.0)

6.1 (0.8–45.4)

Adjusted for indication

6.7 (2.1–21.5)

–

7.9 (1.9–32.6)

†

Split versus nonsplit

PEG split versus PEG
Adjusted for ASA score

7.0 (1.7–28.9)

Adjusted for sex

7.8 (1.9–32.1)

Adjusted for age

7.9 (1.9–32.4)

Adjusted for indication
PICO + adjuvants versus PICO

8.0 (1.9–33.6)

–

2.1 (1.3–3.5)

2.4 (1.0–5.8)

Adjusted for ASA score

0.9 (0.3–2.8)

2.2 (0.2–20.6)

Adjusted for sex

2.1 (1.3–3.5)

2.4 (1.0–5.7)

Adjusted for age

2.1 (1.3–3.6)

2.5 (1.0–59)

Adjusted for indication

2.2 (1.3–3.8)

–

Statistical analysis: χ2 analysis. *Crude and Mantel Haenszel OR reported after
testing homogeneity of strata; †No subject received the preparation in one
group. ASA American Society of Anesthesiology; PEG Polyethylene glycol;
PICO Sodium picosulfate; Split Split-dose regimen

of adjuvants, except for PICO, which yielded significantly greater
proportions of patients with adequate preparartions in both the combined population and screening settings (OR 2.1 [95% CI 1.3 to 3.5],
and OR 2.4 [95% CI 1.0 to 5.8], respectively).
Independent predictors of inadequate bowel preparation in the
combined population are described in Table 4. In addition to PICO
product use and non-split-dose regimen, other predictors of inadequate
preparation in multivariable analysis were inpatient and indication of
colonoscopy (Table 4). Bowel preparation was lowest in patients
referred for bleeding and bowel habits modification.
In the screening setting, the sole independent predictor of inadequate bowel preparation was the use of PICO (Table 5). In multivariable analysis, use of PICO remained independently and
significantly predictive, yielding significantly greater proportions of
patients with inadequate preparations compared with PEG (OR 7.4
[95% CI 4.3 to 12.6]).
PDR
PDR was high (43.8%), and even higher in the screening setting
(45.6%) with age >75 years, male sex, ASA score and indication of
colonoscopy as significant preprocedural indicator predictors in univariable analysis (Tables 6 and 7).
PDR was not associated with quality of preparation; however, PDR
was associated with withdrawal time. The odds of detecting a polyp
was three times higher when withdrawal time was >6 min in both the
combined population and screening setting (OR 2.8 [95% CI 1.9 to
4.2, and OR 3.3 [95% CI 1.7 to 6.6], respectively) even in multivariable analysis after adjustment for quality of preparation, age, ASA
score and indication for colonoscopy (Tables 6 and 7).
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Overall
OR* (95% CI)
0.3 (0.2–0.4)

P

Screening
OR† (95% CI)

P

<0.01

0.3 (0.2–0.6)

<0.01

<0.01

5.8 (0.8–43.6)

0.08

*Adjusted for American Society of Anesthesiology (ASA), sex, age, indication;
†Adjusted for ASA, sex, age. PEG Polyethylene glycol; PICO Sodium picosulfate;
vs Versus

There were no differences in complete colonoscopy rates (intubation
of cecum) as a result of bowel cleanliness (95.4% versus 97.1%; P=0.2),
in the adequate and inadequate cleanliness group, respectively.
Mean withdrawal time was, however, significantly shorter in the
adequate versus inadequate cleanliness group (difference 1.2±0.5 min;
absolute times: 8.4±4.1 min versus 9.6±6.3 min (P=0.03).

Discussion

Our study reflects actual practice at a large academic institution participating in population screening for CRC. The major findings are
that quality of preparation meets the standardized quality threshold of
90% in screening examinations. PEG is the most commonly used
product and appears to be superior to PICO in terms of cleansing
effectiveness in a screening setting, even after adjustment for potential
confounding. Additionally, regardless of the type of product used, split
dosing achieved more satisfactory cleansing results but it was not yet
the preferred method of colon cleansing at MUHC-MGH, with a very
low rate of utilization in 2013. Use of adjuvants only improved bowel
cleansing when using PICO; however, there were low rates of lowvolume PEG preparation use. PDR was high but was not associated
with the quality of the preparation. PDR was highly correlated with
withdrawal time. These results remain very pertinent, even in an era
of split-dosing preference, and appropriate predominance because a
large proportion of patients endoscoped before 10:30 refuse to get up
early to take the second of a split-dose regimen at MGH-MUHC (personal communication, Dr AN Barkun, Montreal, Quebec).
For years, PEG products have been proven safe and efficacious (7)
and may be the ideal current preparation, with low side effects.
However, the large volume (4 L) and the salty taste impinge on compliance and effectiveness of cleansing, representing barriers to performing successful colonoscopy in healthy individuals, particularly in a
screening setting (22). In an effort to improve patient compliance, a
reduced-volume lavage regimen comprised of 2 L of PEG plus four
tablets of bisacodyl has been introduced, with conflicting results on
efficacy in comparison with high-volume PEG (5,23). A recent metaanalysis concluded that data remain lacking to confidently conclude as
to the comparative role of low-volume PEG preparations (24).
As an alternative to PEG products, PICO became an interesting
lower volume, better tasting alternative. High patient acceptability
and preference have contributed to its wide adoption across the
country over the past 10 years (12). However, inconsistent results
exist as to its relative efficacy (13,25,26). Our study revealed that the
likelihood of achieving adequate bowel cleansing was lowest with
PICO compared with PEG, both in the overall colonoscopy population and in those procedures performed solely in the screening setting. This result is consistent with studies performed in the United
Kingdom (14,27). More recent randomized controlled trials also
compared PEG with PICO. When administered as a day-before preparation, bowel cleansing by PICO was noninferior compared with
PEG, with more favourable tolerance (28-30). Of note, these results
differ from our study because the PEG regimen utilized as comparator
was systematically a low-volume regimen with an adjuvant administered the day before the colonoscopy. When compared with 4 L PEG
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Table 4
Independent predictors of inadequate bowel preparation
overall
Multivariable analysis*
OR (95% CI)

Table 6
Independent predictors of polyp detection rate overall
Univariable
analysis
OR (95% CI)

P

Bowel preparation

P

Multivariable
analysis*
OR (95% CI)

P

Quality of preparation

1.3 (0.9–1.6)

0.2

1.2 (0.8–1.8)

0.5

Age >75 years

1.6 (1.3–2.0)

<0.01

1.7 (0.9–3.0)

0.06

4.0 (2.7–6.1)

<0.01

Male sex

1.7 (1.5–2.0)

<0.01

1.2 (0.8–1.8)

0.3

Split regimen

0.1 (0.05–0.5)

<0.01

ASA score

1.2 (1.1–1.4)

<0.01

1.5 (1.1–2.2)

0.02

Age >75 years

0.9 (0.5–1.5)

0.6

Inpatient

1.0 (0.7–1.5)

0.9

0.5 (0.2–1.5)

0.3

Male sex

0.8 (0.6–1.1)

0.2

Indication of colonoscopy

PEG
PICO versus PEG

ASA score
Inpatient

1.00 (reference)

–
2.8 (1.4–5.6)

<0.01

Indication for colonoscopy
Screening

1.00 (reference)

Follow-up

1.4 (0.8–2.4)

0.2

Bleeding

2.3 (1.4–3.8)

<0.01

Bowel habits modification

2.2 (1.2–3.9)

<0.01

Inflammatory bowel disease

1.1 (0.4–3.0)

0.8

Others

3.0 (1.7–5.3)

<0.01

Screening

1.00 (reference)

–

1.00 (reference)

–

Follow-up

1.8 (1.4–2.2)

<0.01

1.7 (1.0–2.7)

0.04

Bleeding

0.8 (0.6–0.9)

0.01

0.6 (0.4–1.0)

0.05

Bowel habits
modification

0.6 (0.4–0.8)

<0.01

0.5 (0.3–0.9)

0.04

0.2 (0.1–0.4)

<0.01

0.3 (0.1–0.8)

0.02

IBD

0.7 (0.5–0.9)

0.02

0.7 (0.4–1.3)

0.3

2.9 (2.2–3.9)

<0.01

2.8 (1.9–4.2)

<0.01

Others
Withdrawal time
(>6 min)

*Adjusted for all variables listed in the table. ASA American Society of
Anesthesiology; PEG Polyethylene glycol; PICO Sodium picosulfate

*Adjusted for all variables listed in the table. ASA American Society of
Anesthesiology; IBD Inflammatory bowel disease

Table 5
Independent predictors of inadequate bowel preparation in
a screening setting

Table 7
Independent predictors of polyp detection rate in
screening setting

Multivariable analysis*
OR (95% CI)

Univariable
analysis
OR (95% CI)

P

Multivariable
analysis*
OR (95% CI)

Quality of preparation

1.4 (0.8–2.2)

0.2

1.3 (0.5–2.9)

0.5

P

Bowel preparation
Polyethylene glycol

1.00 (reference)

–

Sodium picosulfate

P

7.4 (4.3–12.6)

<0.01

Age >75 years

2.0 (1.2–3.3)

<0.01

1.4 (0.3–6.7)

0.6

Age >75 years

1.8 (0.7–4.2)

0.2

Male sex

1.8 (1.4–2.3)

<0.01

1.1 (0.5–2.1)

0.8

Male sex

1.3 (0.8–2.3)

0.3

ASA score

0.9 (0.6–1.1)

0.2

1.6 (0.8–3.1)

0.1

0.4

Withdrawal time (>6 min)

3.2 (1.9–5.4)

<0.01

3.3 (1.7–6.6)

<0.01

ASA score

1.3 (0.7–2.1)

*Adjusted for all variables listed in the table. ASA American Society of Anesthesiology

*Adjusted for all variables listed in the table. ASA American Society of
Anesthesiology

in a split-dose regimen, PICO appears to be less effective and may not
offer clear advantages, at least in a non-split-dose regimen (31).
Results of a recent meta-analysis show a trend toward benefit for PEG
versus PICO without reaching statistical significance (5). Absence of
information regarding the amount of PEG administered and patient’s
tolerance in our study precludes any firm conclusion as to a direct
comparison between PEG low volume and PICO preparations. In our
study, use of adjuvants only improved bowel cleansing when using
PICO. A randomized control trial suggested that PICO associated
with bisacodyl provides enhanced colon cleansing compared with
PICO alone (11). PICO appears, therefore, acceptable especially if
used with adjuvant such as bisacodyl.
European and American guidelines suggest splitting the dose to
increase bowel cleanliness and tolerance (17,18). Interestingly, our
observational data showed that the endoscopy department at
MUHC-MGH had not yet adopted the widespread use of split-dose
regimens. In fact, only 5% of bowel preparations were administrated
in a split regimen between April 2013 and April 2014. However,
even in our data, split-dose regimens (particularly with PEG)
achieved significantly greater proportions of patients with adequate
preparations, emphasizing the increased efficacy attributable to a
decreased runway time and the greater cleansing ability of PEGbased preparations (16). As a continuous total quality management
process, this information has been transmitted to all endoscopists at
MUHC-MGH to alter practice accordingly, and adherence to the
unit recommendations of split dosing, at least for patients colonoscoped after 10:30, is being enforced more strictly. The diffusion of

the European and American guidelines on bowel cleansing should
further enhance this practice (17,18).
The PDR was high (43.8%), and even higher in the screening setting (45.6%), meeting international targets because PDR is a close and
reliable proxy of adenoma detection rate (32,33). Intriguingly, the
quality of preparation was not associated with the PDR in contrast to
results from a previous multicentre European study (34). Reasons for
this are unclear but may reflect, in part, varying operator expertise and
differing patient characteristics. Of note, cleansing quality in the
European study was based on three categories and authors used lowquality cleansing as the reference category. Because endoscopists at the
MUHC-MGH do not always adopt the recommended PQDCCR
reporting terminology to express the quality of preparation, we dichotomized cleansing quality by grouping excellent or good bowel into
adequate preparation versus fair and poor classifications as inadequate
– paralleling the actual repeat colonscopy interval recommendation as
put forth by the US MSTF (18). Therefore, we cannot determine the
impact of poor preparation versus others, which may also explain, in
part, the discrepancy in our results. Additionally, the detection of
histopathologically confirmed cancer was not significantly compromised by poorly prepared examinations in the European work (34). In
another United States study, inadequate preparation quality hindered
the detection of small polyps only, while there was no association
between quality of the preparation and the detection of significant
polyps (>9 mm) (35). Size and histopathological characteristics of
polyps detected at MUHC-MGH were not accessible for the present
study, precluding any conclusion.
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The sole independent predictor of polyp detection in our study was
withdrawal time. Polyp detection was greater for endoscopists with an
average withdrawal time exceeding 6 min, which is consistent with
reports from experts, who recommend that the withdrawal phase,
exclusive of time for biopsy and polypectomy, should average at least 6
min to 10 min (32). Prevalence rates of polyps varied among screening
centres and appeared to be higher for examiners spending more time
performing the examination (32,36). Our study establishes a strong
association between withdrawal time and PDR even after adjustment for
quality preparation and should prompt endoscopists to follow this recommendation. However, endoscopists face enormous pressures to
increase efficiency by decreasing colonoscopy procedure time. In addition, some question the definition of withdrawal time and its use as as
quality indicator (37).
The PQDCCR has developed recommendations to monitor the
technical performance of colonoscopy and for continuous quality
improvement in colonoscopy (38). A recent audit assessing the quality
of reports at MGH-MUHC suggested documentation of these indicators in everyday practice remained incomplete in a small series (39). In
our study, quality indicators of the procedure were adequately documented in comparison with this recent audit, mainly the preprocedure
indicators. However, the quality of the bowel preparation was not
recorded in 40% of the reports in our analysis. The reason for this may
be selection bias in the initial report, coupled with the recent adoption
of a scoring system that is more difficult to use. This group without
bowel cleansing data was slightly different, mainly in terms of colonoscopy indication (bleeding), hospital setting (inpatient), use of preparation type (PICO was more utilized) and split-dose regimen. We can
only make the assumption that endoscopists are aiming at least to
document quality indicators, and do not have time to split the dose in
certain circumstance such as inpatient bleeding. The fact that PICO
was used more often in situations may skew definitive conclusion on
its efficacy.
Study limitations and strengths
The present study provides very important data for the Quebec
Ministry of Health in the future deployment of the PDRCC because it
provides a snapshot of contemporary bowel cleansing products in an
unselected population and in a real-life setting. Strengths include its
large sample size, real-life setting and use of a validated electronic
data-capturing software (20). The separate assessment among patients
for screening and nonscreening indications, among in- and outpatient
settings, and the careful analyses of bowel preparation information and
quality indicators using a priori defined multivariable analyses are all
strengths of the present analysis.
The generalizability of these results (to other countries and secondary or primary hospitals) may be a limitation of the study, particularly
for non-Caucasian and for-profit practice environments. Besides,
inherent in observational research, such as the present study, is the
potential for confounding. Despite adjustment for a range of known
and potential confounding variables, we cannot exclude the possibility
that our findings can partly be accounted for by residual confounding.
In particular, more specific data regarding mode of administration (low
versus high volume), differences in timing of colonoscopy, dietary and
hydration instructions, and patient support may all contribute to variability in outcomes.
In addition, the present study, similar to all audits, was dependent
on the accuracy with which the colonoscopists recorded information
into the completed electronic report, with a risk of information bias
that was at least partially overcome by the local presence of a research
assistant who identified the endoscopic reports and validated the
accuracy of information.
However, more than one-half of our patients did not have the
bowel preparation type documented and, thus, were initially excluded.
In addition, a large group of patients were missing quality-of-bowelcleansing data, reflecting the difficulty to disseminate quality indicators in everyday practice. Furthermore, electronic records unfortunately
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did not report information on patient tolerance of the preparation;
this information is critical for screening programs because it may affect
the acceptability of colonoscopy by healthy individuals and the uptake
of colonoscopy in screening programs, also precluding firm conclusions
regarding patient tolerance among different products. We hope that
the results of our study and the future deployment of the PQDCCR
may act as catalyst for quality improvement in colonoscopy by facilitating an automatic computerized data collection infrastructure. Even
with a computerized endoscopic report generator, documentation of
some key quality fields is still not optimal. Preformatted text with
compulsory fields and drop-down menus embedded in the electronic
reporting system should facilitate reporting.

Conclusion

To standardize and optimize bowel cleansing, we recommend using
a split-dose regimen as much as possible for the full deployment of
PQDCCR; the use of a split-dose regimen, irrespective of bowel
preparations, yielded significantly greater proportions of patients
with clean bowels. Endoscopists should then been informed and
encouraged to use a split-dose regimen, and this practice monitored. PICO alone appeared to be less effective than PEG in a
non-split-dose regimen, such as in our study. However, PICO would
be an alternative, particularly if repeated examination will be
required, with use of an adjuvant.
Head-to-head in randomized comparisons between PEG and
PICO with different modes and timing of administration (high
volume, low volume, split-dose regimen according timing of
colonoscopy) are lacking. Further comparative studies are warranted to accurately determine the relative efficacy of these two
colorectal cleansing agents before colonoscopy, particularly in a
screening setting. The true role of adding an adjuvant to PICO
compared with PEG also warrants further study.
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