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Day before late regimen vs standard split dose of low-volume
PEG-CS for early morning colonoscopy: Multicenter randomized
controlled trial
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ABSTRACT

Background and study aims Despite lower patient adher-
ence, the overnight split-dose (SD) intestinal preparation
regimen is currently recommended for early morning colo-
noscopies. Using low-volume preparation, we compared
performance of a “day before late” (DBL) regimen, with the
whole preparation taken between 8.30 pm and midnight on
the day before the endoscopic procedure vs the overnight
SD regimen for colonoscopies scheduled between 8 am
and 10 am.
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Patients and methods Patients were randomized to the
DBL group (n =162) or SD group (n =158). The SD group
took the second dose 5 hours before colonoscopy. Success-
ful bowel cleansing, defined as an overall Boston Bowel
Preparation Score > 3, safety, compliance and tolerability
were assessed in the two groups.

Results The DBL regimen failed to demonstrate non-infer-
jority compared with the SD regimen in terms of successful
bowel cleansing (DBL, 88.2 % vs SD, 98.1%, P<0.001). Sub-
group analysis on colonoscopies before 9 am showed BBPS
> 3 rates of 94.6% and 100% in the DBL and SD groups,
respectively P =0.126). The two regimens showed similar

compliance and tolerability. Compared with SD patients
(25.5%), a lower proportion of DBL patients (13.9%) report-
ed fear of incontinence during the journey to the hospital (P
=0.01).

Conclusions Albeit more tolerable, the DBL regimen was
less effective than the SD regimen with regard to successful
bowel cleansing for colonoscopies between 8 am and 10
am. Subgroup analysis on colonoscopies scheduled before
9 am showed that the two regimens have similar efficacy,
suggesting that the DBL regimen may be a valuable alterna-
tive to the SD regimen for very early morning colonosco-
pies.

Introduction

Colonoscopy, widely acknowledged as the most effective meth-
od for early detection and prevention of colorectal cancer [1],
has seen increased global utilization due to advancements in
endoscopic equipment, patient-specific sedation protocols,
and public awareness campaigns [2, 3].

Optimal bowel preparation is crucial for successful colonos-
copy and has gained considerable attention over the years [4,
5,6]. With regard to morning colonoscopy, current internation-
al guidelines recommend a split-dose (SD) regimen with a low
volume of laxatives being taken overnight in two separate do-
ses as the standard for optimal bowel cleaning and lesion detec-
tion [7,8,9].

Despite the demonstrated effectiveness of the overnight SD
preparation [8], adherence to this regimen remains limited,
particularly when colonoscopy is scheduled in the early morn-
ing [10,11,12]. This may be related to the inconvenience of
having to wake up very early during the night to take the sec-
ond dose of preparation and also to the anxiety with regard to
possible episodes of fecal incontinence on the way to the hospi-
tal [11,13].

It has been suggested that patients would prefer taking the
whole preparation on the day before when colonoscopy is
scheduled in the early morning [11,14, 15]. However, studies
indicate inadequate bowel cleansing in up to 40% of patients
following the same-day regimen [16, 17] due to the substantial-
ly longer time interval between preparation and colonoscopy
start compared with that in patients who follow the overnight
SD regimen [15,18].

We hypothesized that for colonoscopies scheduled between
8 a.m. and 10 a.m., taking the complete intestinal preparation
late on the day before would minimize inadequate cleansing by
effectively shortening the time interval between the last dose
of laxative and the start of the endoscopic procedure. To our
knowledge, the only study comparing overnight SD with a
same-day regimen taken between 8 and 11 p.m. on the day be-
fore colonoscopy scheduled in the early morning demonstrated
better preparation quality with the SD regimen [19].

The Italian Society of Digestive Endoscopy (SIED) promoted
a multicenter, randomized, controlled non-inferiority trial on

colonoscopies scheduled in the early morning, comparing the
efficacy, safety, compliance and tolerability of a "day before
late" (DBL) regimen, which involved taking the whole intestinal
preparation between 8.30 p.m. and midnight on the day before
the endoscopic procedure, vs the standard overnight SD regi-
men, using low-volume polyethylene glycol-electrolyte solu-
tion with citrate and simethicone (PEG-CS) (Clensia; Alfa Sigma
Pharmaceuticals, Bologna, Italy) preparation.

Patients and methods

This multicenter study, conducted in 10 Italian endoscopic
units from June to December 2021, involved outpatients aged
18 to 75 years undergoing colonoscopy.

Exclusion criteria were participation in an organized colorec-
tal cancer screening program, hypersensitivity to the study
product components, suspected gastrointestinal perforation,
intestinal obstruction or toxic megacolon, intestinal paralysis,
previous colonic resection, history of inflammatory bowel dis-
ease, severe heart failure (New York Heart Association class IlI
or 1V), acute cardiovascular disease, severe liver cirrhosis
(Child-Pugh score C), ascites, renal failure (creatinine clearance
<30mL/minute), documented electrolyte disturbances, poorly
controlled arterial hypertension (systolic pressure > 170mm
Hg, diastolic pressure > 100mm Hg), pregnancy, and breast-
feeding.

Ethics

The study was approved by the Independent Ethics Committees
of each participating hospital. The study was registered on Clin-
icalTrials.gov, where full trial details are available, with the iden-
tifier NCT05570669. Written informed consent was obtained
from all participating patients prior to enrolment. The study
was conducted in accordance with the principles of the Helsinki
Declaration, and with the requlations and guidelines of the In-
dependent Ethics Committees, as well as the informed consent
regulations and local regulatory requirements of each partici-
pating hospital.
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Treatment allocation

Enrolled patients were randomly assigned to either the DBL or
SD group using computer-generated block randomization with
a block size of four in a 1:1 ratio. The allocation sequence was
concealed until participants were enrolled and assigned to the
intervention.

Intestinal preparation

Enrolled patients were required to follow a low-fiber diet by lim-
iting intake of fruit and vegetables for 3 days before the colo-
noscopy, and to have a fiber-free normal breakfast and lunch
the day before colonoscopy. During the intestinal preparation,
only clear fluids were allowed until 2 hours before colonoscopy.

In the DBL group, patients took the whole PEG-CS prepara-
tion (two doses of 1L macrogol 4000, sodium sulfate, sodium
citrate, citric acid, simethicone, sodium chloride, potassium
chloride) between 8.30 p.m. and midnight on the night before
the colonoscopy, followed by 0.5L of clear fluids after each 1L
of preparation. Patients in the SD group took the first dose of
PEG-CS followed by 0.5L of clear fluids on the day before the
procedure between 8.30p.m. and midnight, and the second
dose of PEG-CS followed by 0.5L of clear fluids on the day of
the colonoscopy, 5 hours before the scheduled procedure time.

Study outcomes

The primary outcome of this study was to assess efficacy of the
DBL regimen in comparison with the SD regimen using the Bos-
ton Bowel Preparation Score (BBPS) [20].

Secondary outcomes were to evaluate efficacy of the DBL re-
gimen in comparison with the SD regimen using the Intralum-
inal Bubble Score (IBS) and the polyp detection rate, and to as-
sess safety, compliance, and tolerability in the two groups.

Study endpoints
Evaluation of efficacy

All colonoscopies scheduled between 8 a.m. and 10 a.m. were
assessed for bowel preparation quality by a blinded endos-
copist. Bowel cleansing was evaluated before and after washing
and aspiration using IBS [21] and BBPS [20], respectively. The
BBPS [20] is a four-point (ranging from 0 to 3) scoring system
based on mucosal visualization of each one of the three seg-
ments of the colon (right, transverse, and left colon) after
washing and aspiration, with a total BBPS score ranging from 0
to 9 and higher values indicating better visualization. Conver-
sely, the IBS [21] ranges from 1 (bubbles cover less than 10%
of the luminal circumference) to 4 (bubbles fill more than 50%
of the luminal circumference, thereby requiring extensive irri-
gation). In this study, we applied the IBS score to the overall co-
lon, without separate segment analysis. The primary endpoint
of our study was the rate of colonoscopies with successful
(good to optimal) bowel cleansing, defined as BBPS > 2 in each
colonic segment, in the DBL group vs the SD group. Secondary
efficacy endpoints included IBS > 3, evaluated in the overall co-
lon rather than in each colonic segment, and the colorectal
polyp detection rate in the DBL group vs the SD group.

Evaluation of safety, compliance and tolerability

Safety evaluation included recording every adverse event (AE)
and severe AE (SAE) in the DBL group vs the SD group.

We also assessed compliance, defined as the percentage of
patients who managed to take > 75% of the entire bowel prep-
aration, and tolerability of the DBL vs the SD regimen by means
of a questionnaire administered before colonoscopy by unblin-
ded nurses, not directly involved in the study in order to main-
tain investigator blinding.

Statistical analysis

Assuming a 90% rate of success (i.e. good to optimal bowel
preparation, defined as BBPS score 2 2 in each colonic segment)
in the SD group, 284 patients (142 per group) were needed to
establish non-inferiority of the DBL group with respect to the
SD group, with a maximum allowable difference of 10%, with a
one-sided significance level of P =0.025 and 80% power. Allow-
ing for 10% major protocol deviations, we predicted that a total
of 316 patients (316-31.6 =284.4) were required for the study.

Both the intention-to-treat (ITT) population, including all
randomized patients, and the per-protocol population (PP), in-
cluding only those patients who underwent colonoscopy with-
out major protocol deviations, were analyzed, with PP being set
as the primary analysis for efficacy outcomes.

Continuous variables were described using mean and stand-
ard deviation. Categorical variables were reported as frequen-
cies and percentages. Continuous variables were compared
using Student's t-test or Mann-Whitney test, if appropriate. Ca-
tegorical variables were compared using chi-square tests and
Fisher's test. P < 0.05 was considered statistically significant.
All statistical analyses were performed using the statistical soft-
ware Stata 17.0.

Results

Of 321 eligible patients, one was excluded for not providing
signed consent. A total of 320 patients (mean age 56.8 years,
155 males and 165 females) were enrolled and randomized to
the DBL group (n =162) or to the SD group (n =158). Baseline
characteristics are shown in » Table 1.

In the DBL group, two patients were excluded for disconti-
nuing bowel preparation due to nausea and vomiting, whereas
two did not complete the colonoscopy due to intolerance. Five
additional DBL patients were excluded due to protocol devia-
tions, including dietary non-compliance (n =2), failure to ad-
here to scheduled timing for laxative intake (n =2) and use of a
different bowel preparation medicine (n =1). In the SD group,
one patient was excluded for not adhering to dietary restric-
tions. Consequently, 10 patients were excluded, resulting in a
total PP population of 310 patients (DBL group, n =153; SD
group, n =157). The study flow chart is summarized in » Fig. 1.

Efficacy of DBL vs SD regimen

In the PP analysis, successful bowel preparation (BBPS > 6) was
achieved in 88.2% of patients in the DBL group (135/153) (95%
confidence interval [Cl] 82.1-92.9) and in the 98.1% of patients
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» Table 1 Patient characteristics.

Characteristics Split-dose regi- Day before late

men (n=158) regimen (n =162)
Sex (female), n (%) 80 (50.6) 85(52.5)
Age (years), mean (SD) 57.2(11.9) 56.4(13.8)
Comorbidities, n (%)
= Cardiovascular 54 (34.2) 55 (34.0)
= Metabolic 37(23.4) 38(23.5)
= Gastrointestinal 29(18.4) 24 (14.8)
= Psychiatric 7(4.4) 13(8.0)
= Genitourinary 10(6.3) 16(9.9)
= Autoimmune 6(3.8) 10(6.2)
= Other 50(31.6) 32(19.7)
BMI, mean (SD) 25.5(4.9) 25.8 (5.2)
Normal colonoscopy, n (%) 67 (42.7) 70 (44.3)

BMI, body mass index; SD, standard deviation

in the SD group (154/157) (95% Cl 94.5-99.6), with the DBL re-
gimen failing to demonstrate non-inferiority compared with
the SD regimen (P < 0.001) (» Table 2). In the ITT analysis, suc-
cessful bowel preparation was achieved in 83.3% of patients in
the DBL group (135/162) and in 97.5% of patients in the SD
group (154/158).

Optimal bowel preparation (BBPS 8) was reported in 35.9%
of patients in the DBL group (55/153) compared with 61.1% of
patients in the SD group (96/157) (P < 0.001).

A lower percentage of patients in the DBL group compared
with the SD group achieved successful segmental colonic
cleansing (BBPS 2) both in the right colon (82.4%, 126/153 vs
94.3%, 148157, respectively, P < 0.001) and in the left colon
(90.8%, 139/153 vs 96.8%, 152/157, respectively, P =0.029).

Subgroup analysis of colonoscopies before 9 a.m. showed
that BBPS 6 was achieved in 94.6% (70/74) and 100% (61/61)
of patients in the DBL and SD groups, respectively (P =0.126)
(» Table2).

However, when colonoscopies were scheduled between 9 a.
m.and 10 a.m., a lower percentage of patients in the DBL group
compared with the SD group achieved good or optimal bowel
cleansing (82.3%, 65/79, Cl 72.1-90.0 vs 96.9%, 93/96, Cl
91.1-99.4, respectively, P =0.002) (» Table 2).

Rates of successful segmental bowel cleansing (BBPS 2) in
the right colon in colonoscopies performed before 9 a.m. were
87.8% (65/74) and 96.7% (59/61) in the DBL and SD groups,
respectively (P =0.106). Regarding colonoscopies scheduled
between 9 a.m. and 10 a.m., a lower percentage of patients in
the DBL group compared with the SD group achieved successful
bowel cleansing in the right colon (77.2%, 61/79 vs 92.7%, 89/
96, respectively, P<0.001).

Subjects assessed for eligibility

Enrollment (n=321)

Excluded (n = 1)
= Declined to participate

(n=1)

Randomized (n = 320)

Intention-to-treat population (n = 320)

Allocation

Allocated to day-before-

late group (n = 162)

= Received allocated
intervention (n = 160)

= Did not receive allocated
intervention (early
interruption of prep.
assumption for AEs
(n=2)

Allocated to split-dose

group (n = 158)

= Received allocated
intervention (n = 158)

Follow-up

Discontinued intervention
(colonoscopy not complete
for patients’ intolerance
(n=2)

Lost to follow-up (n = 0)
= Discontinued inter-
vention (n = 0)

Analysis

Excluded from analysis for

protocol deviation (n = 5)

= n =2 did not follow
dietary restrictions

= n =2 did not adhere to
the scheduled time of
prep. assumption

= n =1 took another prep.

product
Per-protocol population
(n=310)

Day-before-late regimen
(n=153)

Excluded from analysis for

protocol deviation (n = 1)

= n =1 did not follow
dietary restrictions

Split dose regimen
(n=157)

» Fig.1 Consolidated Standard of Reporting Trials (CONSORT) flow
diagram showing enrollment and analysis. AE, adverse event

Only 5.9% of patients in the DBL group (9/153) and 2.5% in
the SD group (4/157) had an IBS of 3 or 4, requiring extensive
irrigation during colonoscopy (P =0.317) (» Table 2).

The polyp detection rate was 41.8% in the DBL group (64/
153) and 45.2% in the SD group (71/157) (P =0.548) (» Table
2).

E4 Pasquale Luigi et al. Day before late... Endosc Int Open 2025; 13: a25158539 | © 2025. The Author(s).



» Table2 Analysis of efficacy outcomes.

Total, n (%) Day before late regimen,n (%) Split-dose regimen, n (%) P value

Primary endpoint
BBPS >6 289(93.2) 135 (88.2) 154 (98.1) <0.001
Colonoscopy before 9 a.m. (n=135) 131(97.0) 70 (94.6) 61(100.0) 0.126
Colonoscopy after9a.m. (n=175) 158 (90.3) 65 (82.3) 93 (96.9) 0.002
Secondary endpoints
IBS>3 13 (4.2) 9(5.9) 4(2.5) 0.317
Polyp detection rate 136 (43.9) 64 (41.8) 71 (45.2) 0.548
Day before late regimen (n =153). Split-dose regimen (n =157).
BBPS, Boston Bowel Preparation Score; IBS, Intraluminal Bubble Score.
> Table3 Analysis of safety, compliance and tolerability outcomes.

Day before late regimen,n (%) Split-dose regimen, n (%) P value
Serious adverse events 0(0) 0(0)
Adverse events
Dysgeusia 62(39.2) 60 (38.2) 0.852
Bloating 67 (42.4) 76 (48.4) 0.285
Abdominal pain 26 (17.1) 36(22.9) 0.148
Headache 16(10.1) 14 (8.9) 0.715
Nausea/vomiting 42 (26.6) 29(18.5) 0.085
Patients who took = 75% of the bowel preparation 151 (95.6) 156 (99.4) 0.181
Willingness to repeat the same regimen in the future 140 (88.6) 128 (81.5) 0.078
Fear of fecal incontinence on the way to the hospital 22(13.9) 40 (25.5) 0.010
Perceived difficulty of preparation regimen 0.821
No difficulty 81(51.3) 85 (54.1)
Mild difficulty 43(27.2) 45 (28.7)
Medium difficulty 29(18.4) 22(14.0)
High difficulty 5(3.2) 5(3.2)

Day before late regimen (n =158). Split-dose regimen (n =157)

Safety, compliance and tolerability of DBL vs SD
regimen

The safety, compliance, and tolerability analysis in the DBL
group included two patients who interrupted colonoscopy due
to intolerance of the procedure, two patients who did not fol-
low dietary restrictions, and one patient who took another
bowel preparation. Consequently, the analysis encompassed
158 patients in the DBL group and 157 patients in the SD
group.No SAEs were reported in either the DBL or SD group.
No significant differences in the rate of AEs were reported be-
tween the two groups (» Table 3).

With regard to compliance, in the DBL group 95.6% of pa-
tients (151/158) took 375% of the entire dose of the intestinal
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preparation, whereas in the SD group, this percentage was
99.4% (156/157) (P =0.181) (» Table 3).

In the DBL group, 88.6% of patients (140/158) expressed
their willingness to undergo the same preparation regimen in
the future, whereas in the SD group, this percentage was
81.5% (128/157) (P =0.078). Interestingly, fear of fecal inconti-
nence on the way to the hospital was reported by 13.9% of pa-
tients in the DBL group (22/158) compared with 25.5% in the
SD group (40/157) (P =0.01). Finally, in the DBL group 51.3%
of patients (81/158) reported no difficulty in taking the prepa-
ration, whereas in the SD group, this percentage was 54.1%
(85/157) (P=0.821) (» Table 3).
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Discussion

We conducted the first randomized controlled trial comparing
DBL (i.e. a modified day-before regimen) with a 2-L PEG-CS
preparation taken as late as possible on the day prior to colo-
noscopy, to the overnight SD regimen. Notably, we used a low-
volume bowel preparation in accordance with the most recent
evidence on the effectiveness of this type of intestinal prepara-
tion [22]. We defined the primary endpoint as the rate of colo-
noscopies with good to optimal bowel cleansing by using a
threshold of BBPS = 2 in each colonic segment, which is suitable
for detecting adenomas > 5mm [23]. Moreover, we focused
most of our effectiveness analysis on the overall and right co-
lon, given the higher occurrence of flat or sessile serrated ade-
nomas [24,25], missed lesions, and interval cancers [26] in the
right side of the colon compared with the left side.

Consistent with comparable studies on whole-dose and SD
regimens [19,27,28,29,30], our study showed that, compared
with the DBL group, a higher percentage of patients in the SD
group achieved good or optimal bowel cleansing throughout
the entire colon and also in the right and left colon segments.
Nevertheless, patients in the DBL and in the SD groups had sim-
ilar IBS33 and polyp detection rates.

Interestingly, when colonoscopy was scheduled before 9 a.
m., the rates of good to optimal bowel cleansing were similar
between the DBL and SD groups, both in the overall colon (P =
0.126) and in the right colon (P =0.106). Conversely, when co-
lonoscopy was scheduled after 9 a.m., a higher rate of success-
ful bowel cleansing was observed in the SD group compared
with the DBL group. Although our study was not specifically de-
signed for this subgroup analysis, these results suggest that the
DBL regimen may be a valid option for very-early-morning colo-
noscopy. Although the sample size of our study may not have
been powered to prove this point, our results may be valuable
as hypothesis-generating data, and could provide the basis for
a specifically designed subsequent prospective study. In con-
trast, Park et al. [19] reported improved bowel preparation,
shorter cecal intubation times, reduced procedure difficulty,
and increased willingness for future colonoscopies with the
asymmetric SD regimen compared with the whole-dose prepa-
ration taken between 8 p.m. and 11 p.m. the day before when
colonoscopy is planned between 8 and 9:30 a.m.. However,
some aspects of the study by Park et al. [19] may account for
this discrepancy, such as the use of a 4-L high-volume PEG solu-
tion, the asymmetric SD protocol which entailed taking a low
morning dose, and stratification according to level of compli-
ance.

Many studies support the idea of reducing the time interval
between the last dose of preparation and colonoscopy; how-
ever, a definitive threshold has not been established so far. Mar-
mo et al. [30] and Eun et al. [31], respectively, proposed that
the last dose should not be taken more than 6 to 8 and 7 hours,
before colonoscopy, in order to obtain optimal bowel prepara-
tion. A randomized study by Kojecky et al. [32] suggested that a
time interval of 11.8 hours between the end of bowel prepara-
tion and colonoscopy is optimal regardless of preparation used.
European Society of Gastrointestinal Endoscopy (ESGE) guide-

lines [7] recommend starting the final dose of intestinal prepa-
ration 5 hours before colonoscopy and completing it no later
than 2 hours before the procedure. However, according to
these indications, when the examination is planned in the very
early morning, the patient would have to take the last dose of
preparation in the middle of the night, and this may affect com-
pliance and willingness to repeat the test if needed [33].

Importantly, we did not observe any significant difference
between DBL and SD regimens in terms of AEs, patient compli-
ance, or perceived difficulty of preparation regimen. Patients in
the DBL group showed a slightly higher willingness to repeat
this regimen (88.6%) compared with the SD group (81.5%).
The lack of difficulty in taking the entire preparation on the
day before the colonoscopy observed in our study may be relat-
ed to the low-volume formulation, i.e. 2L in total. As it could be
expected, a lower percentage of patients in the DBL group re-
ported fear of incontinence during travel to the hospital (P =
0.01). Accordingly, a previous study [11] identified distance
from the hospital and early morning examinations as key fac-
tors negatively influencing adherence to the SD regimen.

One of the limitations of our study is that the rate of proto-
col deviation was not negligible. This could be attributed to
heterogeneity in participant hospitals, the rural vs urban envir-
onment, and differences in education levels, thus reflecting
real-life scenarios. Importantly, this issue is not unique to our
study but is widespread in research conducted in other coun-
tries, as demonstrated by a study by Ton et al. [34], which re-
ported a wide variation in colonoscopy preparation instructions
provided by 201 endoscopy units across the United States. This
is relatively common in open access systems, where patients of-
ten receive minimal information, usually a single sheet, when
booking the test or when purchasing the preparation. There is
a need for evidence-based and comprehensive guidelines for
intestinal preparation, and combining written information
with multimedia resources, such as videos, applications, and
customer service, is essential to reduce repeated examinations
due to inadequate preparation. Another limitation is that we
focused on one specific intestinal preparation. Although this
may have positively impacted data interpretation, it is possible
that a similar randomized clinical trial using a different intes-
tinal preparation may show better efficacy for a DBL regimen
for colonoscopies between 8 a.m. and 10 a.m.

Despite these limitations, we believe that our study provides
valuable insights into the efficacy and tolerability of the DBL re-
gimen compared with the SD regimen for bowel preparation
before early-morning colonoscopy. We found that the DBL regi-
men with low-volume PEG-CS, albeit more tolerable, is less ef-
fective than the SD regimen with regard to successful bowel
cleansing for colonoscopies scheduled between 8 a.m. and 10
a.m. However, a subgroup analysis of our data on colonosco-
pies scheduled before 9 a.m. showed that the DBL and SD regi-
mens have similar efficacy. This suggests that the DBL regimen
may represent a valuable alternative to the SD regimen for
very-early-morning colonoscopies, with the potential benefit
of combining effective intestinal cleansing with enhanced pa-
tient tolerability. In light of our results, we propose further in-
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vestigation about the DBL protocol as an alternative to the SD
regimen for very-early-morning colonoscopies.
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