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Abstract
BACKGROUND
The effectiveness of colonoscopy strictly depends on adequate bowel cleansing.
Recently, a 1 L polyethylene glycol plus ascorbate (PEG-ASC) solution (Plenvu;
Norgine, Harefield, United Kingdom) has been introduced on the evidence of
three phase-3 randomized controlled trials, but it had never been tested in the
real-life.

AIM
To assess the effectiveness and tolerability of the 1 L preparation compared to 4 L
and 2 L- PEG solutions in a real-life setting.

METHODS
All patients undergoing a screening or diagnostic colonoscopy after a 4, 2 or 1 L
PEG preparation, were consecutively enrolled in 5 Italian centers from September
2018 to February 2019. The primary endpoints of the study were the assessment
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of bowel cleansing success and high-quality cleansing of the right colon. The
secondary endpoints were the evaluation of tolerability, adherence and safety of
the different bowel preparations. Bowel cleansing was assessed through the
Boston Bowel Preparation Scale. Adherence was defined as consumption of at
least 75% of each dose, while tolerability was evaluated through a semi-
quantitative scale. Safety was systematically monitored through adverse events
reporting.

RESULTS
Overall, 1289 met the inclusion criteria and were enrolled in the study. Of these,
490 patients performed a 4 L-PEG preparation (Selgesse®), 566 a 2 L-PEG
cleansing (Moviprep® or Clensia®) and 233 a 1 L-PEG preparation (Plenvu®).
Bowel cleansing by Boston Bowel Preparation Scale was 6.5 ± 1.5 overall and 6.3 ±
1.5, 6.2 ± 1.5, 7.3 ± 1.5 (P < 0.001) in the subgroups of 4 L, 2 L and 1 L-PEG
preparation, respectively. Cleansing success was achieved in 72.4%, 74.1% and
90.1% (P < 0.001), while a high-quality cleansing of the right colon in 15.9%,
12.0% and 41.4% (P < 0.001) for 4 L, 2 L and 1 L-PEG preparation groups,
respectively. The 1 L preparation was the most tolerated compared to the 2 and 4
L-PEG solutions in the absence of serious adverse events within any of the three
groups. Multiple regression models confirmed 1 L PEG-ASC preparation as an
independent predictor of overall cleansing success, high-quality cleansing of the
right colon and of tolerability.

CONCLUSION
This study supports the effectiveness and tolerability of 1 L PEG-ASC, also
showing it is an independent predictor of overall cleansing success, high-quality
cleansing of the right colon and of tolerability.

Key words: Colonoscopy; Bowel preparation; Polyethylene glycol; Polyethylene glycol
plus ascorbate; Effectiveness; Tolerability

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The effectiveness of colonoscopy strictly depends on adequate bowel cleansing.
Nevertheless, bowel preparation is not always well accepted and tolerated by all patients.
Recently, a 1 L polyethylene glycol plus ascorbate solution has been introduced on the
evidence of three phase-3 randomized controlled trials, but it had never been tested in the
real-life. This prospective, multicenter, observational study performed on 1289 patients
undergoing screening or diagnostic colonoscopy, confirmed the effectiveness and
tolerability of very low-volume preparation for colonoscopy, also showing that it is an
independent predictor of overall cleansing success, high-quality cleansing of the right
colon and of tolerability.

Citation: Maida M, Sinagra E, Morreale GC, Sferrazza S, Scalisi G, Schillaci D, Ventimiglia
M, Macaluso FS, Vettori G, Conoscenti G, Di Bartolo C, Garufi S, Catarella D, Manganaro
M, Virgilio CM, Camilleri S. Effectiveness of very low-volume preparation for colonoscopy:
A prospective, multicenter observational study. World J Gastroenterol 2020; 26(16): 1950-
1961
URL: https://www.wjgnet.com/1007-9327/full/v26/i16/1950.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i16.1950

INTRODUCTION
Colonoscopy is one of the most widely diffused methods for screening of colorectal
cancer (CRC), and regular screening is of primary importance since early detection of
the  cancer  is  associated  with  a  long-term  reduction  of  disease  incidence  and
mortality[1,2].

Effectiveness of colonoscopy strictly depends on adequate bowel cleansing, since it
can affect the diagnostic accuracy and the adenoma detection rate[3]. Moreover, recent
data  show  that  high-quality  bowel  cleansing  is  also  necessary  to  improve  the

WJG https://www.wjgnet.com April 28, 2020 Volume 26 Issue 16

Maida M et al. Effectiveness of very low-volume preparation for colonoscopy

1951

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


detection of sessile serrated polyps[4]. On the contrary, a suboptimal bowel prepara-
tion negatively affects the performance of colonoscopy, since it results in the increase
of procedural duration, potential greater risks of adverse events (AEs), rescheduling
of procedures and higher costs[4-8]. More recent guidelines recommend the use of high
volume or low volume polyethylene glycol (PEG) based regimens as well as that of
non-PEG-based  agents  that  have  been  clinically  validated  for  routine  bowel
preparation,  in  a  split-dose regimen[9].  Nevertheless,  many solutions require  the
ingestion of volumes of up to 4 L, which may reduce patients’ compliance resulting in
a  suboptimal  bowel  cleansing that  is  still  reported in  about  one-quarter  of  pro-
cedures[10]. The same issue has been confirmed by a large Italian study showing that
inadequate bowel preparation is found in about 17% of colonoscopies[11],  and the
results from the United Kingdom screening program show that more than 20% of
incomplete procedures are caused by poor preparation[12].

A very low-volume 1 L PEG plus ascorbate (PEG-ASC) solution (Plenvu; Norgine,
Harefield, United Kingdom) has been recently introduced on the market to improve
patients’  experience in colonoscopy by reducing the total  intake of  liquids to be
consumed.

Development  of  this  very  low volume 1  L  preparation was  made possible  by
increasing the content of ascorbate, which enhances the laxative effect, permitting the
delivery of the solution in a smaller volume.

After the evidence from a first phase-2 study[13], three parallel phase-3 randomized
controlled  trials  (RCTs)  comparing  effectiveness  of  1  L  PEG-ASC  vs  trisulfate
(NOCT)[14],  sodium  picosulfate  plus  magnesium  citrate  (DAYB)[15]  and  2  L  PEG
(MORA)[16] have been conducted, showing a non-inferiority respect to comparators.

Nevertheless, despite positive data from RCTs, this product has never been tested
in a real-life setting, where patients’ characteristics may differ from those of RCTs
volunteers, and where the incidence of AEs may even be higher.

MATERIALS AND METHODS

Study design and participants
This  is  a  prospective,  multicenter,  commercially  unfunded,  observational  study
performed across 5 Italian Gastroenterology and Endoscopy units.

All  men  and  women,  in-  and  out-patients  aged  >  18  years  old  undergoing  a
screening,  surveillance  or  diagnostic  colonoscopy,  after  an  afternoon-only  or
afternoon-morning preparation with 4 L-PEG with Selgesse (Alfasigma, Milan, Italy),
2 L-PEG with Moviprep (Norgine, Harefield, United Kingdom) or Clensia (Selgesse,
Alfasigma,  Milan,  Italy)  and  1  L-PEG  with  Plenvu  (Norgine,  Harefield,  United
Kingdom) were consecutively enrolled from September 2018 to February 2019.

Patients  with  known  or  suspected  ileus,  gastrointestinal  obstruction,  bowel
perforation, toxic colitis, or megacolon, ongoing severe acute inflammatory bowel
disease,  previous  colonic  resection,  recent  or  active  gastrointestinal  bleeding,
pregnancy, allergy or hypersensitivity to the product were excluded.

Techniques
At the  time of  colonoscopy scheduling,  each  patient  was  provided with  a  form
containing the names of the four solutions (Selgesse, Moviprep, Clensia and Plenvu)
and,  for  each,  separate  instructions  for  bowel  preparation.  The  solution  was
independently  chosen  by  the  patient  based  on  personal  preference,  costs,  and
availability. In the afternoon-morning regimen, all  bowel preparations were self-
administered taking the first dose the afternoon before the colonoscopy at 6:00 pm ± 2
h, and the second dose at 5:00 am ± 2 h the following morning. In the afternoon-only
regimen,  bowel  preparations  were  entirely  consumed  the  afternoon  before  the
colonoscopy, taking the first dose at 6:00 pm ± 2 h, and the second dose after an
interval  of  1-2  h.  The 1  L  and 2  L-PEG solutions  were  prepared with 500 mL of
additional clear fluids after each dose, and additional clear fluids “ad libitum” were
permitted up to two hours before the procedure. A low-fiber diet was recommended
in the three days preceding the colonoscopy, while on the day before the colonoscopy,
patients were permitted a light breakfast and lunch.

Outcomes and measurement
The primary endpoints of the study were the assessment of bowel cleansing success
and high-quality cleansing of the right colon. The secondary endpoints were the
evaluation of tolerability, adherence and safety of the different bowel preparations.

Bowel cleansing was assessed through the Boston Bowel Preparation Scale (BBPS),
by site unblinded colonoscopists after specific training. A bowel cleansing success was
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defined as a total BBPS ≥ 6 with a partial BBPS ≥ 2 in each segment and a high-quality
cleansing of the right colon as a partial BBPS = 3.

Adherence  was  defined  as  consumption  of  at  least  75%  of  each  dose,  while
tolerability was evaluated through a semi-quantitative scale with a score ranging from
1 to 10 (1 = lowest rank, 10 = highest rank). Safety was systematically monitored
through AEs reporting, collected at the pre-colonoscopy interview.

Statistical analysis
Continuous variables were reported as mean ± standard deviation, and categoric
variables were summarized as frequency and percentage. Independent-samples t-test
and  χ2  test  were  used  for  comparison  of  continuous  and  categorical  variables
respectively. Pairwise comparisons were adjusted for multiple testing with Benjamini
and Hochberg method. Logistic regression models were performed to assess bowel
cleansing success and high-quality cleansing of the right colon and to identify the
presence of variables associated with outcomes.  A generalized linear model was
performed to  assess  tolerability  and identify  independent  predictors.  Variables
considered into the models were selected through stepwise model selection by Akaike
Information Criterion and guided by clinical relevance.

All statistical analyses were performed using R version 3.5.3 (R Foundation for
Statistical Computing, Vienna, Austria) and the statistical review of the study was
performed by a biomedical statistician.

Ethics
The study received Ethics Committee approval and was conducted in accordance
with the principles of the Declaration of Helsinki and good clinical practice. Patients
provided written informed consent.

RESULTS

Study population and characteristics
A total of 1566 consecutive patients were evaluated. Of these, 1289 met the inclusion
criteria and were enrolled in the study. The main indication for colonoscopy was
screening or surveillance for CRC (57.9%). Overall, 52.8% were male, the mean age
was 60.5 ± 14.1, 44.8% of patients were ≥ 65 years old. Hypertension was present in
38.2% of cases, diabetes in 11.2%, obesity in 18.3%, and chronic renal failure in 2.3% of
patients.

In the entire cohort, 490 patients performed a 4 L-PEG preparation (Selgesse®), 566
a  2  L-PEG  cleansing  (Moviprep®  or  Clensia®)  and  233  a  1  L-PEG  preparation
(Plenvu®).  The  three  populations  were  homogeneous  according  to  the  main
characteristics (Table 1).

With regard to the preparation regimen, 62.5% of patients performed an afternoon-
only and 37.5% an afternoon-morning (split) preparation, with a similar distribution
among the three groups. The mean time between the assumption of the last dose and
the beginning of the colonoscopy was 11.9 ± 2.8 in the afternoon-only and 4.9 ± 1.8 h
in the split group, respectively.

Bowel cleansing efficacy
Bowel cleansing by BBPS was 6.5 ± 1.5 overall and 6.3 ± 1.5, 6.2 ± 1.5, 7.3 ± 1.5 (P <
0.001) in the subgroups of 4 L, 2 L and 1 L-PEG preparation, respectively. The average
cleansing in the right colon was 1.8 ± 0.6 overall and 1.7 ± 0.6, 1.6 ± 0.6, 2.1 ± 0.6 in the
subgroups of 4 L, 2 L, and 1 L-PEG (P < 0.001) (Figure 1).

Cleansing success and high-quality cleansing of the right colon were assessed in
1248 out of 1289 patients with a complete colonscopy up to the cecum. An overall
cleansing success was achieved in 72.4%, 74.1% and 90.1% (P < 0.001 for 1 L vs 2 L; P <
0.001 for 1 L vs 4 L) of patients after a 4 L, 2 L and 1 L-PEG preparation (Figure 2A).
When assessed by preparation modality, cleansing success was 68.1%, 65.6% and
83.3% (P = 0.065 for 1 L vs 2 L; P = 0.069 for 1 L vs 4 L) for afternoon-only preparation
and 90.3%, 88.3% and 91.9% (P = 0.84 for 1 L vs 2 L; P = 0.84 for 1 L vs 4 L) for split
preparation in the three groups, respectively (Figure 2B and 2C).

A high-quality cleansing of the right colon was achieved in 15.9%, 12.0% and 41.4%
(P < 0.001 for 1 L vs 2 L; P < 0.001 for 1 L vs 4 L) of patients after a 4 L, 2 L and 1 L-PEG
preparation (Figure 2D). By subgroup analysis, cleansing success was 10.1%, 9.6% and
14.6% (P = 0.72 for 1 L vs 2 L; P = 0.72 for 1 L vs 4 L) in the group of afternoon-only
preparation and 39.8%, 16.0% and 48.8% (P < 0.001 for 1 L vs 2 L; P = 0.20 for 1 L vs 4
L)  in the group of  split  preparation in the three groups of  4  L,  2  L and 1 L-PEG
preparation (Figure 2E and 2F).
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Table 1  Baseline patients’ characteristics

Overall (n = 1289) 4 L PEG (Selgesse®)
(n = 490)

2 L PEG (Moviprep® or
Clensia®) (n = 566)

1 L PEG (Plenvu®)
(n = 233)

Sex, n (%)

Male 681 (52.8) 268 (54.7) 291 (51.4) 122 (52.4)

Female 608 (47.2) 222 (45.3) 275 (48.6) 111 (47.6)

Age, years, mean ± SD 60.5 ± 14.1 61.1 ± 14.1 60.5 ± 13.5 59.5 ± 15.9

Age group, n (%)

< 65 yr 708 (55.2) 259 (53.1) 318 (56.5) 131 (56.5)

≥ 65 yr 575 (44.8) 229 (46.9) 245 (43.5) 101 (43.5)

Race group

White or Caucasian 1254 (97.3%) 479 (97.8%) 550 (97.2%) 225 (96.6%)

Other 35 (2.7%) 11 (2.2%) 16 (2.8%) 8 (3.4%)

Weight, kg, mean ± SD 72.3 ± 14.6 73.3 ± 14.4 72.0 ± 15.4 71.1 ± 13.0

Height, cm, mean ± SD 165.8 ± 9.0 165.9 ± 9.8 165.6 ± 8.5 166.3 ± 8.7

BMI, mean ± SD 26.2 ± 4.6 26.6 ± 4.6 26.2 ± 4.9 25.6 ± 4.0

Obesity 236 (18.3%) 101 (20.6%) 105 (18.6%) 30 (12.9%)

Chronic constipation 215 (16.7%) 84 (17.1%) 101 (17.8%) 30 (12.9%)

Diabetes 144 (11.2%) 68 (13.9%) 62 (11.0%) 14 (6.0%)

Hypertension 492 (38.2%) 218 (44.5%) 223 (39.4%) 51 (21.9%)

Chronic renal failure 30 (2.3%) 11 (2.2%) 12 (2.1%) 7 (3.0%)

Colonoscopy indication, n (%)

Screening 443 (34.4%) 159 (32.5%) 201 (35.5%) 83 (35.6%)

Surveillance 303 (23.5%) 128 (26.1%) 121 (21.4%) 54 (23.2%)

Diagnostic 543 (42.1%) 203 (41.4%) 244 (43.1%) 96 (41.2%)

PEG: Polyethylene glycol.

Predictors of cleansing success and high-quality cleansing of the right colon
The logistic multiple regression model for overall bowel cleansing success showed
that age (OR = 0.99,  95%CI:  0.98-1.00;  P  = 0.024),  absence of diabetes (OR = 1.55,
95%CI: 1.01-2.38; P = 0.046), adequate cleansing at previous colonoscopy (OR = 2.23,
95%CI: 1.30-3.85; P = 0.004), preparation with the 1 L-PEG over the 2 L-PEG (OR =
1.79, 95%CI: 1.04-3.08; P = 0.035), afternoon-morning split regimen (OR = 2.52, 95%CI:
1.62-3.92; P < 0.001), low-fiber diet for at least 3 days preceding colonoscopy (OR =
2.49,  95%CI:  1.71-3.64;  P  <  0.001),  colonoscopy  within  5  h  after  the  end  of  the
preparation (OR = 2.35, 95%CI: 1.34-4.10; P = 0.003) were independently associated
with overall bowel cleansing success (Table 2).

The logistic multiple regression model for high-quality cleansing of the right colon
showed that absence of diabetes (OR = 1.93, 95%CI: 1.02-3.65; P = 0.043), preparation
with the 1 L-PEG both over the 4 L-PEG (OR = 1.58, 95%CI: 1.02-2.44; P = 0.041) and
the 2 L-PEG (OR = 3.13, 95%CI: 2.08-4.72; P < 0.001), preparation with the 4 L PEG
over the 2 L-PEG (OR = 1.99, 95%CI: 1.35-2.91; P < 0.001), and afternoon-morning split
regimen (OR = 3.33, 95%CI: 2.19-5.06; P < 0.001) were independently associated with
high-quality cleansing of the right colon (Table 3).

Adherence and tolerability
Self-reported adherence to preparation was 95% across all  treatment groups and
greater for patients undergoing a split vs an afternoon-only preparation (98.3% vs 93.5;
P < 0.001).

The adherence was higher,  even if  not statistically significant,  in the group of
patients assuming the 1 L-PEG solution compared to the 2 and 4 L solutions and
achieved respectively in 98.7%, 95.9% and 93.1% of patients (P = 0.357 for 1 L vs 2 L; P
= 0.078 for 1 L vs 4 L) (Figure 3A).

Similarly, tolerability was higher for the 1 L preparation compared to the 2 and 4 L-
PEG solutions, with an average score of 7.9 ± 1.3 vs 7.1 ± 2.0 and 7.3 ± 1.9 (P < 0.001 for
1 L vs 2 L; P < 0.001 for 1 L vs 4 L) (Figure 3B). Interestingly, a tolerability rating < 6
was observed in 13.7% and 18.9% of subjects undergoing a 4 and 2 L solution, but
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Figure 1

Figure 1  Overall and segmental bowel cleansing scores for 4, 2 and 1 L polyethylene glycol solutions
assessed by Boston bowel preparation score. PEG: Polyethylene glycol.

only in 3.5% of patients taking a 1 L preparation (P < 0.001).
The multiple regression model showed that female gender (estimate -0.51, 95%CI: -

0.72, -0.30; P  < 0.001), adequate cleansing at previous colonoscopy (estimate 0.65,
95%CI: 0.19-1.10; P  = 0.006), preparation with the 1 L-PEG both over the 4 L-PEG
(estimate 0.57, 95%CI: 0.25-0.90; P = 0.001) and the 2 L-PEG (estimate 0.72, 95%CI:
0.41-1.03; P < 0.001) and afternoon-morning split regimen (estimate 0.36, 95%CI: 0.06-
0.66; P = 0.019) were independently associated with tolerability of bowel preparation
(Table 4).

Safety
Mild and moderate treatment-emergent AEs (TEAEs), considered to be associated
with bowel preparation, were reported in 16.8% of patients overall.  By subgroup
analysis,  TEAEs  were  reported  in  18.4%,  15.7%,  and 15.9% (P  =  0.4)  of  patients
undergoing a 4, 2 and 1 L-PEG preparation, showing no significant difference among
the three groups (Supplementary Table 1).  The most frequent TEAE was nausea,
reported in 5.7% of subjects overall, with a higher incidence of 6.7% in the 4 L group
compared to 5.7% and 3.9% of 2 and 1 L groups (P = 0.4 for 4 L vs 2 L; P = 0.1 for 4 L vs
1 L). Vomit was reported in 2.3% of patients, with a significantly higher incidence in
the 1 L compared to the 2 and 4 L groups, respectively of 6.0%, 1.4% and 1.6% (P =
0.001 for 4 L vs 1 L; P < 0.001 for 4 L vs 2 L). Abdominal pain was present in 2.0% of
cases, and mostly in patients undergoing a 4 L preparation compared to the 2 L and
the 1 L group, respectively in 3.1%, 1.8% and 0.4% (P = 0.1 for 4 L vs 2 L; P = 0.02 for 4
L vs 1 L). Dehydration was complained by 0.7% of patients overall, and respectively
by 0.8%, 0.4%, and 1.3% of patients in the 4, 2 and 1 L groups (P = 0.3). No severe or
serious TEAEs were reported.

DISCUSSION
Lower volume preparations may enhance patients’ experience in colonoscopy since a
reduced liquid intake may be better tolerated. Plenvu has already shown high efficacy
in RCTs, with a non-inferiority compared to the higher volume solutions[14-16]. In this
large prospective, multicenter observational study, 1 L PEG-ASC confirmed a higher
bowel  cleansing effectiveness  over  the  comparators  both as  average  BBPS score
overall and in the right colon, both as cleansing success rate overall. The 1 L PEG-ASC
solution presented a marginally significant superiority for cleansing success in the
subgroup of the afternoon-only preparation, but it did not achieve superiority in the
afternoon-morning split subgroup, where it was found to be equivalent to the 4 and 2
L solutions. This is probably secondary to the effectiveness of a split modality, widely
shown by several lines of evidence, which may smooth out the differences of efficacy
between the three solutions. Nevertheless, the multiple regression model showed
Plenvu to  be an independent  predictor  of  overall  success  over  the 2  L-PEG pre-
paration and, marginally, over the 4 L-PEG solution.
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Figure 2

Figure 2  Cleansing success rates and high-quality cleansing of the right colon for 4, 2 and 1 L polyethylene glycol solutions. A-C: Cleansing success rates
for 4, 2 and 1 L polyethylene glycol solutions overall (A), in afternoon-only regimen (B) and in afternoon-morning regimen (C); D-F: High-quality cleansing of the right
colon for 4, 2 and 1 L polyethylene glycol solutions overall (D), in afternoon-only regimen (E) and in afternoon-morning regimen (F). PEG: Polyethylene glycol.

In addition, Plenvu showed a greater high-quality cleansing of the right colon
overall and in the subgroups of afternoon-only and afternoon-morning preparations.
This is of primary importance since recent data showed that a high-quality cleansing
vs adequate cleansing allows doubling the detection rate of high-risk sessile serrated
lesions[4]. Of note, multiple regression model confirmed Plenvu to be an independent
predictor of high-quality cleansing of the right colon both over the 2 L and the 4 L
preparations.

Our study also showed higher adherence to preparation with Plenvu, compared
with other groups, even if this superiority was only marginally significant only over
the 4 L-PEG and not significant over the 2 L-PEG. This was predictable, as these are
the two groups with the most significant difference in terms of total volume (3 L),
while  the  small  volume  difference  between  1  and  2  L  solutions  can  justify  a
comparable adherence.

Similarly, individual tolerability, based on the patients’ judgment, was higher for
Plenvu than for other solutions. To note, insufficient tolerability, defined as a score <
6,  was  reported  in  only  a  small  minority  of  patients  undergoing  a  1  L-PEG
preparation (3.9%), compared to a higher percentage of patients undergoing a 4 L
(13.6%) and a 2 L (18.9%) solution.

Finally,  multiple  regression  model,  confirmed  Plenvu  to  be  an  independent
predictor of tolerability of bowel preparation both over the 2 L and the 4 L solutions.
In particular, the combination of 1 L-PEG solution and of a split regimen showed to
provide the highest tolerability. These data are of particular importance since they
confirm the theoretical assumption that a lower volume solution is also well tolerated.

Overall, the investigated solutions presented a good safety profile in the absence of
significant differences in TEAEs across the three groups. However, the type of AEs
was different. Nausea was slightly higher in the group of patients undergoing a 4 L
solution,  compared  to  the  other  two  groups,  even  if  this  difference  was  not
statistically significant. Similarly, abdominal pain presented a higher incidence in the
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Table 2  Logistics multiple regression model estimates for overall cleansing success

Predictors Odds ratios 95%CI P value

Female gender 1.00 0.75-1.34 0.975

Age, yr 0.99 0.98-1.00 0.024

BMI 0.98 0.95-1.01 0.217

Diabetes (absence) 1.55 1.01-2.38 0.046

Hypertension 1.35 0.97-1.89 0.077

Chronic constipation (absence) 1.11 0.77-1.61 0.578

Previous adequate cleansing 2.23 1.30-3.85 0.004

Preparation (ref = 4 L PEG)

2 L PEG 0.89 0.66-1.20 0.458

1 L PEG 1.60 0.91-2.80 0.099

Preparation (ref = 2 L PEG)

4 L PEG 1.12 0.83-1.51 0.458

1 L PEG 1.79 1.04-3.08 0.035

Afternoon-morning split regimen 2.52 1.62-3.92 < 0.001

Low fiber diet ≥ 3 d 2.49 1.71-3.64 < 0.001

Time lag ≤ 5 h 2.35 1.34-4.10 0.003

BMI: Body mass index; PEG: Polyethylene glycol.

group of the 4 L-PEG, which was significant only over the 1 L group. This difference
is probably secondary to the large volume of the 4 L preparation, over the lower-
volume ones, which can cause intestinal distension symptoms.

Conversely, vomit was more frequent for the 1 L solution, with a significantly
higher incidence over the other two groups. This higher incidence of vomiting after
the consumption of Plenvu is probably secondary to the greater amount of ascorbate,
which is present in the second dose. Nevertheless, it is crucial to remark that the
intensity of vomit was mild and not able to compromise the tolerability of bowel
preparation. As a matter of fact, in our study, Plenvu was the most tolerated solution
and it was also found to be an independent predictor of tolerability.

Dehydration  symptoms  were  reported  in  less  than  1.5%  of  patients,  with  a
comparable incidence between the three groups, and no severe or serious AEs or
deaths were registered in the entire cohort. Given the observational nature of our
study, an assessment of blood electrolyte or creatinine was not feasible. Despite this,
no clinical event attributable to electrolyte imbalance or dehydration was observed in
any patient.

This is, at best of our knowledge, the first study assessing the effectiveness and
tolerability  of  Plenvu  in  the  real-life.  The  major  strengths  of  this  study  are  its
prospective and multicenter  design,  the presence of  a  large sample size and the
comparison  of  the  1  L-PEG preparation  with  both  the  2  and 4  L-PEG solutions.
Nevertheless, this study is limited by a few relevant factors. First of all, the absence of
randomization, which guarantees the similarity across the treatment groups, and
avoids exposure to potential bias, among all the “allocation of intervention bias”.

Nevertheless, the absence of randomization is secondary to the nature of the study
that was explicitly intended to be observational.  This  provides the advantage to
evaluate the effectiveness and the tolerability of the product in conditions that are far
from the selectivity of the RCTs and closer to real life.

Secondly, the absence of blinding between site colonoscopists and type of bowel
preparation performed by patients.  This  was mainly due to  overt  differences  of
treatments, depending on patient characteristics and indication, which did not make a
blinding design feasible. In fact, in some centers, colonoscopists are aware that some
categories of patients (e.g., inpatients and patients undergoing screening), received
only one specific preparation directly provided by the hospital.

Nevertheless,  the  absence  of  blinding  exposes  to  additional  potential  biases,
primarily to the observer expectation bias, since the knowledge of the hypotheses can
influence the observer to stretch out for the product being tested, compared to the
reference standard products.

Finally, the cleansing success rates observed in this study were suboptimal. This
may depend on the  demographic  characteristics  of  the  study population with  a
relevant proportion of elderly, inpatients and patients with comorbidities, factors that
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Table 3  Logistics multiple regression model estimates for high-quality cleansing of the right
colon

Predictors Odds ratios 95%CI P value

Female Gender 1.25 0.91-1.72 0.169

Age, yr 1.00 0.99-1.01 0.927

BMI 0.98 0.95-1.02 0.336

Diabetes (absence) 1.93 1.02-3.65 0.043

Hypertension 1.00 0.69-1.44 0.983

Chronic constipation (absence) 0.70 0.47-1.04 0.080

Previous adequate cleansing 1.06 0.52-2.18 0.863

Preparation (ref = 4 L PEG)

2 L PEG 0.50 0.34-0.74 < 0.001

1 L PEG 1.58 1.02-2.44 0.041

Preparation (ref = 2 L PEG)

4 L PEG 1.99 1.35-2.91 < 0.001

1 L PEG 3.13 2.08-4.72 < 0.001

Afternoon-morning split regimen 3.33 2.19-5.06 < 0.001

Low fiber diet ≥ 3 d 0.99 0.63-1.56 0.967

Time lag ≤ 5 h 1.22 0.81-1.83 0.337

BMI: Body mass index; PEG: Polyethylene glycol.

may affect the quality of the bowel preparation.
Concerning the scales used for the assessment of the outcomes, we used the BBPS

as it is the most widely validated and the only one that significantly correlates with
polyp detection and surveillance intervals[17]. With regards to tolerability, we used a
semi-quantitative scale with a score ranging from 1 to 10 by the judgment of the
patients, since a validated scale for the assessment of bowel preparation tolerability is
not currently available. In the NOCT study only, the Bowel Cleansing Impact Review
(BOCLIR) was used[18]. Nevertheless, this is a complex score that features 34 items,
and external validation of the score is absent.

In conclusion, results from this study support the effectiveness and tolerability of
very low-volume preparation for colonoscopy and also show it is an independent
predictor of overall cleansing success, high-quality cleansing of the right colon and of
tolerability. In the future, this very-low-volume solution will be useful to improve the
quality  and  tolerability  of  bowel  preparation  increasing,  at  the  same  time,  the
adherence to CRC screening and surveillance programs.
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Table 4  Multiple regression model estimates for tolerability of bowel preparation

Predictors Estimates 95%CI P value

Female Gender -0.51 -0.72, -0.30 < 0.001

Age, yr -0.00 -0.01-0.01 0.858

BMI -0.00 -0.02-0.02 0.889

Diabetes (absence) 0.12 -0.22-0.46 0.489

Hypertension 0.25 -0.04-0.49 0.084

Chronic constipation (absence) -0.20 -0.48-0.07 0.153

Previous adequate cleansing 0.65 0.19-1.10 0.006

Preparation (ref = 4 L PEG)

2 L PEG -0.15 -0.37-0.08 0.204

1 L PEG 0.57 0.25-0.90 0.001

Preparation (ref = 2 L PEG)

4 L PEG 0.15 -0.08-0.37 0.204

1 L PEG 0.72 0.41-1.03 < 0.001

Afternoon-morning split regimen 0.36 0.06-0.66 0.019

Low fiber diet ≥ 3 d 0.16 -0.09-0.41 0.219

BMI: Body mass index; PEG: Polyethylene glycol.

Figure 3

Figure 3  Adherence and tolerability of 4, 2 and 1 L polyethylene glycol solutions. A: Adherence of 4, 2 and 1 L polyethylene glycol solutions; B: Tolerability of 4,
2 and 1 L polyethylene glycol solutions. PEG: Polyethylene glycol.

ARTICLE HIGHLIGHTS
Research background
The effectiveness of colonoscopy strictly depends on adequate bowel cleansing. Recently, a 1 L
polyethylene glycol plus ascorbate (PEG-ASC) solution has been introduced on the evidence of
three phase-3 randomized controlled trials.

Research motivation
The  1  L  PEG-ASC  solution  has  never  been  tested  in  a  real-life  setting,  where  patients’
characteristics may differ from those of randomized controlled trials volunteers, and where the
incidence of adverse events (AEs) may even be higher.

Research objectives
In  this  study,  we aimed to  assess  the  effectiveness  and tolerability  of  the  1  L  preparation
compared to 4 L and 2 L-PEG solutions in a real-life setting.

Research methods
Patients undergoing a screening or diagnostic colonoscopy after a 4, 2 or 1 L PEG preparation,
were consecutively enrolled in 5 Italian centers.  Bowel cleansing was assessed through the
Boston Bowel Preparation Scale (BBPS). Adherence was defined as consumption of at least 75%
of each dose, while tolerability was evaluated through a semi-quantitative scale. Safety was
systematically monitored through AEs reporting.
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Research results
Bowel cleansing by Boston Bowel Preparation Scale was 6.5 ± 1.5 overall and 6.3 ± 1.5, 6.2 ± 1.5,
7.3 ± 1.5 in the subgroups of 4 L, 2 L and 1 L-PEG preparation, respectively. Cleansing success
was achieved in 72.4%, 74.1% and 90.1%, while a high-quality cleansing of the right colon in
15.9%, 12.0% and 41.4% for 4 L, 2 L and 1 L-PEG preparation groups, respectively. The 1 L
preparation was the most tolerated compared to the 2 and 4 L-PEG solutions in the absence of
serious AEs within any of the three groups. Multiple regression models confirmed 1 L PEG-ASC
preparation as an independent predictor of overall cleansing success, high-quality cleansing of
the right colon and of tolerability.

Research conclusions
The effectiveness and tolerability of 1 L PEG-ASC show that it is an independent predictor of
overall cleansing success, high-quality cleansing of the right colon and of tolerability

Research perspectives
This very-low-volume solution will be useful to improve the quality and tolerability of bowel
preparation increasing,  and the  adherence  to  colorectal  cancer  screening and surveillance
programs.
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