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ABSTRACT

Background and study aims Bowel preparation for colo-

noscopy is frequently inadequate in hospitalized patients.

We explored the impact of specific verbal instructions on

the quality of inpatients bowel preparation and factors

associated with preparation failure.

Patients and methods Randomized (1:1), two strata

(mobilized vs. bedridden; 3:2) trial of consecutive inpati-

ents from four tertiary centers, who received either specif-

ic, verbal instructions or the standard of care (SOC) ward in-

structions about bowel preparation. The rate of adequate

bowel preparation (Boston Bowel Preparation Score [BBPS]

≥6, no segment <2) comprised the primary endpoint. Mean

BBPS score, good (BBPS score ≥7, no segment score <2)

and excellent (BBPS=9) were among secondary endpoints.

Results We randomized 300 inpatients (180 mobile) aged

71.7 ±15.1 years in the intervention (49.7%) and SOC

(50.3%) groups, respectively. Overall, more patients in the

intervention group achieved adequate bowel preparation,

but this difference did not reach statistical significance nei-

ther in the intention-to-treat [90/149 (60.4%) vs. 82/151

(54.3%); P=0.29] nor in the per-protocol analysis [90/129

(69.8%) vs. 82/132 (62.1%); P=0.19]. Overall BBPS score

did not differ statistical significantly in the two groups,

but the provision of specific verbal instructions was asso-

ciated with significant higher rates of good (58.1% vs.

43.2%; P=0.02) and excellent (31.8% vs. 16.7%; P=0.004)

bowel preparation compared to the SOC group. Adminis-

tration of same-day bowel preparation and patient Ameri-

can Society of Anesthesiologists score >2 were identified

as risk factors for inadequate bowel preparation.

Conclusions Provision of specific verbal instructions did

not increase the rate of adequate bowel preparation in a

population of mobilized and bedridden hospitalized pa-

tients.

Supplementary material is available under

https://doi.org/10.1055/a-1339-0913
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Introduction
Adequate bowel preparation is a prerequisite for detection of
pathological findings, avoiding repeat colonoscopies and bur-
den lightening both for patients and endoscopy departments
[1]. However, hospitalized patients are more prone to inade-
quate bowel preparation compared to outpatients due to ad-
vanced age, comorbidities, physical inactivity, use of medica-
tion affecting intestinal motility or non-adherence to regimen’s
consumption instructions [2]. Use of different purgatives, al-
terations in the timing of preparation administration, educat-
ing patients and/or physicians- nurses are listed among the var-
ious interventions that have been implemented aiming to alle-
viate the effects of this problem. Despite these efforts only
two-thirds of inpatients will achieve adequate colon prepara-
tion [3], with a recently published European Society of Gastro-
intestinal Endoscopy (ESGE) guideline recommending specific
verbal or written instructions to the patients and to the clinic
staff caring for them, to improve the quality of bowel prepara-
tion [4]. In this context, we conducted a randomized controlled
trial (RCT) aiming to explore the impact of simple, specific ver-
bal instructions on quality of inpatients bowel preparation.

Patients and Methods
Study design

A prospective, randomized, single-blinded study that enrolled
hospitalized patients who underwent colonoscopy was con-
ducted in tertiary hospitals located in four cities (Athens, Pa-
tras, Ioannina, Larissa) in Greece. Ethics committees in all hos-
pitals reviewed and approved the study protocol, as submitted
to ClinicalTrials.gov registry (NCT02887014). All patients
provided written informed consent at enrollment and the study
was performed in compliance with the Helsinki Declaration.
Study’s design, analysis and interpretation are presented in
the CONSORT checklist (Supplementary File A).

Participants

Inclusion criteria for study enrollment were as follows: (1) any
indication for total colonoscopy; (2) age ≥18 years; (3) ability
to understand instructions in Greek language; and (4) ability
to provide written informed consent. Patients with an indica-
tion to undergo sigmoidoscopy, patients with history of colect-
omy, those without knowledge of Greek language or unable to
provide informed consent (e. g. patients with dementia) were
not considered eligible for enrollment. The patient’s indepen-
dence level was assessed using the Katz index [5]. To calculate
the Katz Index, six different daily living activity domains – bath-
ing, dressing, toileting, transferring, continence, and feeding –
are assessed. Each domain is assigned a value of 1 or 0 if the ac-
tivity can be performed independently (no supervision, direc-
tion or personal assistance needed) or not (supervision, direc-
tion, personal assistance or total care needed) by the patient.
A total score of 6 indicates a highly independent individual,
whereas a score of 0 indicated a very dependent patient. Based
on its component evaluating patient’s independence in “trans-
ferring” we defined as bedridden any patient not moving at all

out of the bed, or requiring a complete transfer from bed to
chair. All other patients were considered mobilized.

Instructions development and leaflet
administration

Following a recursive literature search we identified all studies
implementing educational interventions to improve inpatients
bowel preparation quality [3, 6–11]. Based on this evidence, we
designed a structured instrument containing the instructions
to be verbally disseminated to patients (the study instructions
are available in Supplementary File B). Provided information
highlighted bowel preparation procedure, the value of ade-
quate bowel preparation for colonoscopy, specific diet during
prep, cathartics schedule and the need of drinking the whole
volume of the prep and additional clear fluids, as well as, poten-
tial side effects (nausea, vomiting, abdominal pain etc.). Specif-
ic instructions for the intervention group were kept simple,
concise and the time required to deliver them did not exceed 3
minutes. Instructions were pilot tested for comprehension and
content among authors and their collaborators.

In detail, patients assigned to the intervention group were
visited by one of study’s collaborators before the beginning of
the preparation who informed them about the aim of the study
and then encouraged patients and/or their relatives to carefully
read the informed consent leaflet. After signing the consent
form, the physician slowly and clearly read a text highlighting
that adequate bowel preparation allows the doctor to fully ex-
amine the bowel mucosa without presence of any stool residue,
that with adequate bowel preparation, easier detection of
lesions (e. g. polyps, inflammation) responsible for patientʼs
symptoms is achieved and that adequate bowel cleanliness
shortens the examination time and makes it safer for the pa-
tient and technically easier for the endoscopist, while it allows
the safe and direct excision of lesions (e. g. polyps) detected
during colonoscopy. On the contrary, inadequately prepared
bowel could impede detection of the problem, lengthen the ex-
amination time, tend potential discomfort and lead to repeti-
tion of the procedure. The cathartic (polyethylene glycol
[PEG]) was provided as powder for oral solution in sachets.
Each sachet should be diluted in 1000mL of water. The PEG so-
lution should be taken slowly and at a constant rate, approxi-
mately one glass (250mL) of the solution every 20 to 30 min-
utes, with addition of the following liquids: water, tea, juices
without fruit residual, sprite, coke and coffee. In case of bloat-
ing or nausea, patients could decrease the solution’s consump-
tion rate, while ideally, PEG solution consumption was advised
to be completed 4 to 6 hours before the time of the scheduled
examination.

Patients assigned to the standard of care Group (SOC) (In-
structions in Supplementary File B) were similarly visited by
one of the study’s collaborators before beginning the prepara-
tion and informed them about the aim of the study and then
encouraged patients and/or their relatives to carefully read the
informed consent leaflet. After signing the consent form, no
further information was given apart from the SOC information
per study center provided by the ward nursing stuff.
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Randomization and concealed allocation

Inpatients at each medical center with an indication for total
colonoscopy were identified the day prior to their examination,
during the morning rounds that take place at 8:00 am in each
institution. Patients were randomly assigned (1:1) to receive
specific, simple, verbal instructions (intervention arm) or the
SOC ward instructions (control arm) by computer-generated
randomization with a block design (10 patients per block). Ran-
domization was stratified according to the mobility status of
the patients (mobilized vs. bedridden; 3:2). The randomization
list was centrally created and sent to one collaborator at each
center, who was not actively involved in endoscopies. The
sealed envelopes were opened to reveal group allocation once
patient consented to participate. Endoscopists were unaware
of group allocation, while patients’ enrollment among partici-
pating centers was done in a competitive way.

Study procedures
Preparation instructions

Patients randomized to the intervention arm received instruc-
tions 12 to 24 hours prior to bowel preparation initiation. Α
dedicated physician not involved in colonoscopies at each par-
ticipating center read the instructions at the patient’s bedside
and/or in front of caregivers without the presence of the ward
nursing personnel. At the end of the counseling session, pa-
tients/caregivers could raise clarification questions. Moreover,
intervention group patients received the standard ward prepa-
ration information from the nursing personnel, which was also
given to the patients in the SOC arm.

Patients allocated to the SOC group were informed about
colonoscopy prep according to ward routine instructions given
by the nursing personnel. These instructions comprised a per
center adapted written instruction manual detailing the time
points that PEG based regimen should be administered in cases
of same-day or split-dose preparation, the volume of water
needed to dilute each PEG sachet and finally the need for full
adherence to instructions.

Bowel preparation

Patients received bowel cleansing with 4 L of PEG solution along
with a 2-day low-fiber diet followed by a clear liquid diet the day
before the colonoscopy. Bowel preparation was administered
either as split doses or as same day (day before) dosing accord-
ing to time of colonoscopy (morning or afternoon examina-
tions). All examinations were performed 4 to 6 hours after cath-
artics intake was completed. For the purpose of the study, the
total volume of cathartics each patient consumed was also
measured. Upon arrival at the Endoscopy Department, each pa-
tient was asked to determine how much of the 4 L preparation
they had ingested; each liter represented 25% of the whole
preparation.

Colonoscopy

Before the start of the colonoscopy, the local study coordinator
registered in a secure online database patient satisfaction re-
garding the colon preparation using a 10-step Likert scale.
Thereafter, colonoscopies were performed by endoscopists,
who were unaware of the group allocation, using conscious se-
dation with incremental doses of midazolam and/or pethidine.
The local study coordinator using a stopwatch recorded all pro-
cedure related times (e. g. cecal intubation and withdrawal
times, with pauses for interventions or cleansing). The endos-
copist rated the patients’ bowel preparation quality using the
Boston Bowel preparation scale (BBPS) [12, 13]. All examiners
were previously trained in evaluating BBPS by attending a 10-
minute lecture and reviewing case videos. When the examina-
tion was interrupted, the reason and colon segment where the
exam stopped were recorded.

Study endpoints
Primary endpoint

The impact of the intervention on the number of examinations
with adequate bowel preparation, defined by an overall BBPS
≥6 with all segments achieving BBPS ≥2 [13].

Secondary endpoints

Secondary endpoints were as follows:
▪ Overall and segmental BBPS score
▪ Rate of good (overall BBPS ≥7 with all segments achieving

BBPS ≥2) and excellent (BBPS=9) bowel preparation
▪ Identification of risk factors associated with inadequate

bowel preparation
▪ Differences in the cecal intubation rate and examination

times (cecal intubation time, withdrawal time and time
spent to washout colonic mucosa).

▪ Patient satisfaction from the bowel preparation
▪ Side effects related either to the preparation or the exami-

nation
▪ Examination’s diagnostic yield defined as the percentage of

examinations where their findings justified exam’s indica-
tion

Statistical analysis and sample size calculation

Similar studies [7, 8, 14] in the literature have shown a gain of
20% in favor of the intervention. Based on 2016 data from the
Hepatogastroenterology Unit of Attikon University General
Hospital in terms of bowel preparation adequateness (BBPS
≥6, no segment <2) among inpatients undergoing colonosco-
py, a sample size of 300 patients (including a 10% drop out
would be required to detect 18% improvement for the primary
endpoint (from 66% for inpatients during 2015 to 84% for out-
patients during that period) favoring the intervention group.
Statistical significance level α is defined 5% and the study is
powered at the level of 80%. Moreover, randomization of pa-
tients was stratified by mobility status anticipating that 40% of
the included subjects would be bedridden based on data of the
Athens based center.
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Statistical analysis was performed using the Statistical Pack-
age for Social Sciences (IBM SPSS Statistics, Version 25.0. Ar-
monk, New York, United States: IBM Corp). Continuous vari-
ables are presented as medians (25th–75th percentile or as
mean (± standard deviation; SD) according to visual inspection
of the distribution and the Kolmogorov-Smirnov test. Categori-
cal variables are shown as counts (%) and proportions are pres-
ented with the respective 95% exact binomial CIs. Differences
between groups were evaluated using student’s t-test and
Mann-Whitney U-test in case of continuous data and chi-square
or Fisher’s exact test in case of categorical data. Regarding ade-
quate colon preparation, we fitted logistic regression models to
identify explanatory factors potentially associated with inade-
quate bowel preparation. Regarding our primary endpoint we
used Relative risk (RR) with respective 95% confidence intervals
(CI) to estimate the effect of the intervention between the two
groups. In the univariable models we examined basic demo-
graphic characteristics (sex, age, stratum, ASA score and Katz
Index), factors potentially affecting the preparation’s intake
(PEG schema, quantity of PEG ingestion and the person being
informed about the significance of an adequate preparation)
and factors having been shown in current literature to be relat-
ed with inadequate bowel preparation (diabetes mellitus,
chronic constipation, previous abdominal surgery, previous in-
adequate colonic preparation, use of tricyclic antidepressants
and opioids) [15, 16], while in the multivariable model only vari-
ables that were associated with the outcome in the univariable
models at the level of P < 0.1 were included. The Homers-Leme-
show test was used to check the goodness-of-fit of the multi-
variable regression model. Interaction was tested between
each significant factor. Odds ratios (OR) and their 95% CIs
were derived from each variable coefficient in the final model.
The significance of each coefficient was tested by the Wald
test. Statistical significance was considered for P≤0.05. Re-
garding the primary outcome, we performed intention-to-treat
(ITT) and per protocol (PP) analysis excluding incomplete colo-
noscopies for reason other than bowel preparation inadequate-
ness. Patient’s satisfaction, diagnostic yield and adverse event
(AE) rates were measured in the ITT population, while we per-
formed PP analysis for the rest endpoints. Finally, to investigate
whether the selected stratification model could influence the
study’s primary endpoint we performed a post-hoc simulation
analysis assuming colonoscopy completion and adequateness
of bowel preparation rates similar to those detected in our
study, but taking into account different theoretical ratios of
mobilized to bedridden patients (60/40, 70/30, 80/20, 90/10,
respectively). Once the study database was locked, all authors
had access to the data, they reviewed and approved the final
manuscript.

Results
We recruited 300 patients from December 2016 to October
2017. ▶Table1 lists patient baseline characteristics, examina-
tions-related data, and the contribution of participating cen-
ters. Half of the recruited patients received split-dose bowel
prep and almost 90% drank at least 75% of the cathartic vol-

▶Table 1 Patient baseline characteristics and examination-related
data.

Allocation group

Intervention

N=149

SOC

N=151

Stratum, n (%)

▪ Mobile  90 (60.4)  90 (59.6)

▪ Bedridden  59 (39.6)  61 (40.4)

Sex, female (%)  80 (53.7)  65 (43)

Age, years (mean± SD)  69.9 ± 16.3  73.5 ±13.7

Colonoscopy indication, n (%)

▪ Lower gastrointestinal bleeding  55 (36.9)  76 (50.3)

▪ Iron deficiency anemia  38 (25.5)  36 (23.8)

▪ Abdominal Pain  10 (6.7)   5 (3.3)

▪ Altered bowel habits  10 (6.7)   6 (4)

▪ Metastases of unknown primary
tumor

 10 (6.7)  11 (7.3)

▪ Other  26 (17.5)  17 (11.3)

Length of stay, days (median,
25th–75th percentile)

  3 (2–6)   3 (2–5)

Katz Index, n (%)

▪ ≤3  52 (34.9)  52 (34.4)

▪ >3  97 (65.1)  99 (65.6)

ASA Score, n (%)

▪ I  37 (24.8)  31 (20.6)

▪ II  79 (53)  82 (54.7)

▪ III  29 (19.5)  34 (22.7)

▪ IV   4 (2.7)   3 (2)

Diabetes, n (%)  29 (19.5)  32 (21.2)

Chronic constipation, n (%)  20 (13.4)  21 (13.9)

History of abdominal surgery, n (%)  19 (12.8)  25 (16.6)

History of inadequate bowel prepa-
ration, n (%)

  7 (4.7)   5 (3.3)

Tricyclic antidepressants use, n (%)  10 (6.7)   9 (6)

Opioids use, n (%)   2 (1.3)   1 (0.7)

Preparation administration schedule, n (%)

▪ Same day  75 (50.3)  72 (47.7)

▪ Split dose  74 (49.7) 79 (52.3)

Person informed about bowel preparation, n (%)

▪ Patient  67 (44.9)  72 (47.7)

▪ Caregiver  22 (14.8)  25 (16.6)

▪ Both  60 (40.3)  54 (35.7)

At least 75% of preparation
ingested, n (%)

133 (89.3) 136 (90.1)
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ume. Thirty-nine (13%) patients were excluded from the PP a-
nalysis because colonoscopy was interrupted due to colonic ob-
struction (n=17), intolerance (n =18) or technical difficulties
like acute angulations or redundant colon (n =4). Finally, 20 co-
lonoscopies (6/149 [4%] and 14/151 [9.3%]; P=0.07 in the in-
tervention and the SOC group, respectively) were interrupted
due to inadequate bowel preparation. Thus, 261 inpatients
were included in the PP analysis of the primary endpoint (129
and 132 in the intervention and the SOC group, respectively).
The study flowchart is presented in ▶Fig. 1.

Primary endpoint – Rate of examinations with
adequate bowel preparation

In the ITT analysis 90 of 149 patients (60.4%) in the interven-
tion group and 82 of 151 (54.3%) in the SOC group (P=0.29)
achieved adequate bowel preparation (BBPS ≥6 with no colonic
segment receiving <2 points). Similarly, no statistically signif-
icant difference was detected in the PP analysis [90/129
(69.8%) vs. 82/132 (62.1%); P=0.19].

In the PP analysis of mobile patients, significantly more pa-
tients had adequate bowel preparation in the intervention
group compared to the SOC group [66/81 (81.5%) vs. 53/80
(66.3%); RR(95%CI): 1.23 (1.02–1.48); P=0.03], but this statis-
tically significant difference was not detected in the ITT analysis
(66/90 [73.3%] vs. 53/90 [58.9%]; P=0.11). On the other hand,
the intervention had no beneficial impact among bedridden

▶Table 1 (Continuation)

Allocation group

Intervention

N=149

SOC

N=151

Incomplete colonoscopies due to
reasons other than inadequate
bowel preparation, n (%)

 20 (13.4)  19 (12.6)

Reason for incomplete exams, n (%)

▪ Obstruction   9 (45)   8 (42.1)

▪ Intolerance   9 (45)   9 (47.4)

▪ Technical difficulties   2 (10)   2 (10.5)

Colonoscopies interrupted due to
inadequate bowel preparation,
n (%)

  6 (4)  14 (9.3)

Center contribution, n (%)

▪ A  50 (33.6)  55 (36.4)

▪ B  41 (27.5)  36 (23.8)

▪ C  32 (21.5)  35 (23.2)

▪ D  26 (17.4)  25 (16.6)

SOC, standard of care; ASA, American Society of Anesthesiologists physical
status.

Assessed for eligibility (n = 344)

Allocated to receive specific simple verbal instructions 
(intervention group)
(intention-to-treat population, n = 149)

Allocated to receive standard ward instructions
(control group)
(intention-to-treat population, n = 151)

Excluded (n = 20)
▪ Colonic obstruction (n = 9)
▪ Patient intolerance (n = 9)
▪ Technical difficulties (n = 2)

Excluded (n = 19)
▪ Colonic obstruction (n = 8)
▪ Patient intolerance (n = 9)
▪ Technical difficulties (n = 2)

Included in the analysis
▪ Intention-to-treat: (n=149)
▪ Per-protocol: (n=129)

Included in the analysis
▪ Intention-to-treat: (n = 151)
▪ Per-protocol: (n = 132)

Excluded (n = 44)
▪ Not meeting inclusion criteria (n = 32)
 –  Indication for sigmoidoscopy (n = 22)
 – History of colectomy (n = 6)
 – No knowledge of Greek language (n = 4)
 – Declined to consent (n = 12)

Randomized (n =300)

En
ro
llm

en
t

An
al
ys
is

Al
lo
ca
tio
n

▶ Fig. 1 Study flowchart.
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patients either in the ITT or the PP analysis (24/59 [40.7%] vs.
29/61 [47.5%]; P=0.47 and 24/48 [50%] vs. 29/52 [55.8%];
P=0.69, respectively).

Secondary endpoints
The results of all secondary endpoints are summarized in ▶Ta-
ble2.

Overall and segmental BBPS score changes

Overall BBPS score did not differ statistically significantly
among patients in the intervention and the SOC groups (7 [5–
9] vs. 6 [4.25–8]; P=0.12). However, in terms of segmental
BBPS scores, patients receiving the simple, specific verbal in-
structions achieved better left colon preparation (3 [2–2] vs. 2
[2–3]; P=0.03) with a concurrent trend toward better colon
preparation in the transverse colon (P=0.08; ▶Table2).

Examinations with good and excellent bowel
preparation

A significantly higher percentage of subjects that received sim-
ple, specific verbal instructions achieved good or excellent
bowel preparation compared to patients receiving the standard
ward instructions (58.1% vs. 43.2%; P=0.02 and 31.8% vs.
16.7%; P=0.004, respectively).

Predictive factors for adequate bowel preparation

Using univariable models, four patient-related factors [bedrid-
den status, decreased level of autonomy (Katz index ≤3), pres-
ence of concurrent morbidities defined as ASA score >2 and
chronic constipation (< 3 bowel movements per weeks for the
last 4 weeks)] and two preparation-related factors (same day
4 L PEG administration and ingestion of less than 75% of the
PEG solution) were associated with inadequate bowel prepara-
tion. However, when the multivariable model was applied only
same day PEG administration (OR [95%CI]: 4.97 [2.41–10.22])
and ASA score >2 (6.36 [2.67–15.14]) were identified as signif-

▶Table 2 Secondary endpoints.

Outcome Intervention group SOC group P value

Total BBPS1

median (25th–75th percentile)
7 (5–9) 6 (4.25–8) 0.12

Right colon BBPS2

median (25th–75th percentile)
2 (1.5–3) 2 (1–2) 0.12

Transverse colon BBPS3

median (25th–75th percentile)
3 (2–3) 2 (2–3) 0.08

Left colon BBPS3

median (25th–75th percentile)
3 (2–3) 2 (2–3) 0.03

Good bowel preparation1

(total BBPS≥7, no segment < 2)
n (%)

75 (58.1) 57 (43.2) 0.02

Excellent bowel preparation1 (BBPS=9)
n (%)

41 (31.8) 22 (16.7) 0.004

Cecum intubation rate1

n (%)
123 (95.3) 118 (89.4) 0.07

Intubation time (min:sec)1

median (25th–75th percentile)
10:00 (06:40–14:00) 10:00 (07:45–13:30) 0.61

Withdrawal time (min:sec)1

median (25th–75th percentile)
07:30 (06:07–10:00) 07:00 (06:00–08:20) 0.16

Washout time (min:sec)1

median (25th–75th percentile)
02:00 (00:32–03:27) 02:00 (01:00–04:07) 0.26

Satisfaction3

median (25th–75th percentile)
8 (7–9) 8 (6–9) 0.24

Side effects3

n (%)
6 (4) 3 (2) 0.30

Diagnostic yield3, n (%) 84 (56.4) 78 (51.7) 0.41

1 n=261 (intervention group: n =129, control group: n =132); n=265 (intervention group: n=132, control group: n =133);
2 n =272 (intervention group: n =136, control group: n =136); n=299 (intervention group: n=149, control group: n =150);
3 n =300 (intervention group: n =149, control group: n =151) higher scores indicate higher satisfaction;
BBPS, Boston Bowel Preparation Score
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icant prognostic factors for inadequate bowel preparation
(▶Table3) with the presence of those two factors creating a
very strong joint effect that practically invalidates the feasibil-
ity of an adequate bowel preparation as may be shown in

▶Fig. 2 (OR [95%CI]) for the presence of both factors: 55.63
(16.67–185.58).

Cecum intubation rate and examination’s times

We did not detect any statistical significant difference in the ce-
cum intubation rate between the study groups (123/129 or
95.3% vs. 118/132 or 89.4%; P=0.07). As shown in ▶Table 2,
neither intubation time, withdrawal time or time spent during
the examination to washout the colonic mucosa differed statis-
tical significantly between the two study groups.

Patient satisfaction and side effects

Using a 10-step Likert scale, the level of patient satisfaction did
not differ between the intervention and the SOC groups (8 [7–
9] vs. 8 [6–9]; P=0.24). Overall, nine (3%) complications oc-
curred in the entire cohort. Of them, six (4%) in the interven-
tion group and three (2%) in the SOC group.More precisely, in
the intervention group 3 patients developed AEs related to the
bowel preparation itself (nausea while receiving the bowel
preparation) and three presented AEs unrelated to the bowel
preparation (2 patients developed mild pain after the examina-
tion and 1 patient was diagnosed with post-polypectomy syn-
drome, necessitating no further intervention). On the other
hand, two and one patient in the SOC group developed nausea
during prep ingestion and post-colonoscopy pain, respectively.

Examination diagnostic yield

Overall, 84 of 149 (56.4%) and 78 151 examinations (51.7%) in
the intervention and the SOC group, respectively, had findings
relevant to the examination’s indication (P=0.41). Among find-

▶Table 3 Logistic regression analysis of factors associated with inadequate bowel preparation using univariable and multivariable models.

Variable Univariable model Multivariable model

OR (95% CI) P value OR (95% CI) P value

Sex (female) 0.65 (0.39–1.09) 0.12 – –

Age ( > 75 years)1 1.46 (0.87–2.44) 0.19 – –

Allocation group (intervention) 0.71 (0.43–1.19) 0.24 – –

Stratum (bedridden) 2.51 (1.48–4.26) 0.001 1.55 (0.63–3.82) 0.35

PEG administration schema (same day) 4.14 (2.37–7.25) < 0.001 4.97 (2.41–10.22) < 0.001

Ingestion of less than 75% of PEG solution (no) 6.73 (2.85–15.87) < 0.001 2.23 (0.82–6.04) 0.12

Person informed about bowel preparation (patient) 0.66 (0.39–1.12) 0.15 – –

ASA Score (> 2) 7.19 (3.82–13.55) < 0.001 6.36 (2.67–15.14) < 0.001

Katz Index (1≤3) 1.65 (0.96–2.83) 0.09 0.83 (0.30–2.33) 0.72

Diabetes mellitus (yes) 1.41 (0.75–2.62) 0.33 – –

Chronic constipation (yes) 1.98 (0.93–4.21) 0.10 1.74 (0.68–4.45) 0.25

History of abdominal surgery (yes) 0.69 (0.33–1.47) 0.37 – –

History of inadequate bowel preparation (yes) 0.72 (0.19–2.77) 0.75 – –

Tricyclic antidepressants use (yes) 1.06 (0.38–2.96) 1 – –

Opioids use (yes) 0.66 (0.60–0.72) 0.55 – –

PEG, polyethylene glycol.
1 Cohort median.
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▶ Fig. 2 Proportion of patients with inadequate bowel preparation
according to the presence of risk factors. Error bars represent the
95% CI of the proportions. Numbers in parentheses are the 95% CI
of the OR.
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ings, diverticular disease and angiodysplasias occurred more
frequently.

Post-hoc analysis

The results of the post-hoc simulation analysis are presented in
Supplementary File C. Assuming colonoscopy completion and
adequateness of bowel preparation rates similar to those de-
tected in our study, we detected that only in a hypothetical co-
hort with a 90/10 ratio of mobile to bedridden patients, ade-
quate bowel preparation would have been statistically higher
in the intervention group, in both ITT and PP analysis (P=0.03
and P =0.02, respectively).

Discussion
Inadequate bowel preparation is a commonly encountered
problem among hospitalized patients undergoing colonoscopy.
To the best of our knowledge, this is the first multicenter, RCT
to show that simple, specific, verbal instructions on top of the
SOC failed to significantly improve the quality of bowel prepa-
ration among hospitalized patients scheduled to undergo colo-
noscopy. Of note in our PP analysis, the strata of mobile pa-
tients had a significant benefit from the intervention (RR [95%
CI]: 1.23 [1.02–1.48]). Moreover, we showed that inpatients re-
ceiving instructions achieved significantly higher rates of good
and excellent bowel preparation. During the study, low recruit-
ing rates of bedridden inpatients were a challenge for all parti-
cipating centers and we cannot exclude that the initially antici-
pated 40% of bedridden inpatients may not sufficiently reflect
real life. Noteworthy, when assuming similar rates of colonos-
copy completion and adequateness of bowel preparation as
those detected in the current study, a hypothetical 90/10 ratio
of mobile/bedridden patients would have led to a statistically
significant higher rate of adequate bowel preparation, as illu-
strated in the simulation analysis.

Beyond any doubt, preparing inpatients for colonoscopy is a
challenging task, with considerable consequences both for the
patients (missing diagnosis, repeat procedures, increased AEs,
longer hospitalization) and the healthcare systems, as well
[17]. A recent meta-analysis summarizing all methods available
to improve colon preparation quality in the inpatient setting,
underlined the superiority of educational interventions (specifi-
cally designed booklets, written instructions, training either
the patients, the healthcare professionals or both) compared
to other strategies in improving the odds for adequate bowel
preparation [3]. As far as individual RCTs are considered, two
studies investigating the effect of educational interventions on
hospitalized patients’ bowel preparation quality have been
published, so far [7, 18]. The former showed that use of an edu-
cational booklet improved the odds of an adequate bowel prep-
aration (OR [95% CI]: 3.14 [1.29–7.83]) [7], while in the latter
provision of instructions through a medical smartphone appli-
cation, complementary to standard oral and written instruc-
tions significantly improved the rate of adequate bowel prepa-
ration (77.2% vs. 56.8%) [18]. However, both studies -beyond
being conducted in a single-center setting- have limitations
that merit attention; unknown compliance, protocol violation

(twenty randomized inpatients not evaluated because of sche-
duling conflicts) in one [7], while in the other the content of
oral information given to patients may have varied to some ex-
tent [18].

Our results are in line with the above-mentioned studies
confirming the challenge of adequate bowel preparation (172/
261 or 65.9%) in hospitalized patients. Aside from addressing
limitations of previous studies, we went a step further and eval-
uated a simple and inexpensive intervention that could be easi-
ly incorporated in everyday clinical practice. A unique finding of
current study was that administration of instructions has been
beneficial for mobilized patients, leading to more examinations
with adequate bowel preparation, compared to those bedrid-
den. Moreover, the impact of the intervention was more favor-
able in achieving, higher than adequate (good and excellent)
bowel preparation. Apparently, both these findings are directly
related to compliance, which can be rather low among debilita-
ted patients suffering from major comorbidities, given the
complexity of steps involved in successful bowel preparation
[19]. In this sense, the rationale of education seems extremely
valuable for mobilized patients, who perhaps should be the
principal target for healthcare practices. A recent RCT showed
that mobilized outpatients receiving written or written and
oral instructions achieved high rates of compliance with the
preparation schema (split-dose) and consequently adequate
bowel cleansing [20].

On the other hand, bedridden status might either prevent
successful ingestion of bowel prep or affect instructions com-
prehension and compliance; thus, bowel preparation in this
subset of patients should be handled with multiple, combined
strategies on a case-by-case basis [21].

Our multivariable model identified same-day PEG regimen
administration (OR [95%CI]) 4.97 [2.41–10.22]) and ASA class
> 2 (6.36 [2.67–15.14]) as factors independently associated
with inadequacy of colon cleansing. Moreover, the co-presence
of those two factors practically precludes the possibility of ade-
quate bowel preparation (OR [95%CI]): 55.63 [16.67–185.58]).
Contrariwise, split-dose regimens have been recently acknowl-
edged as independent factor significantly reducing the odds of
inadequate colon cleansing in a prospective, large, multicenter,
observational study among hospitalized patients [16].

Higher ASA score usually correlates with chronically ill pa-
tients prone to multiple factors i. e. comorbid conditions (dia-
betes mellitus, renal disease, chronic obstructive pulmonary
disease, chronic constipation, congestive heart failure) that
limit tolerability or efficacy of bowel preparation. Moreover,
higher ASA class, related to decrease of mobility and physical
level of activity, have been consistently identified as predictors
of inadequate bowel preparation [15, 19]. In line with our re-
sults, Fuccio et al. [16] – in the most recent prospective, multi-
center inpatient study – identified several setting-, patient- and
preparation-related factors associated with an adequate bowel
preparation in hospitalized patients. Ingestion of at least 75%
of the prep and split-dose regimen were related to increased
odds of adequate bowel preparation. Other favorable prognos-
tic factors were the admission to gastroenterology units, the
provision of written and oral instructions to patients and the
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administration of 1 L polyethylene glycol-based bowel purge.
On the other hand, bedridden patients, patients with comor-
bidities (diabetes mellitus), prolonged ( > 7 days) hospital stay,
constipation and intake of anti-psychotic drugs were consid-
ered more prone to an inadequate bowel preparation. Although
the use of predictive models for inadequate bowel preparation
is not yet recommended in clinical practice [4], researchers va-
lidated a model to identify patients with inadequate prepara-
tion and developed an easy-to-use app to assist clinicians.

Strengths of our RCT include its multicenter design, simula-
tion of real life regarding split-dose or same day-prep adminis-
tration according to local practice, patient stratification ac-
cording to mobility status and measurement of patient compli-
ance which was previously unknown (administration of a book-
let or a mobile application cannot ensure that patients read or
followed what was instructed [7, 18]) Finally, our intervention
demands neither specific knowledge nor any additional cost
and, as shown by the high rate of patient satisfaction, was very
acceptable to patients.

Our study is not without limitations. First, although all the
hospitals were tertiary and one could argue about generaliz-
ability of the results to non-academic practice settings, the in-
tervention’s simplicity favors the opposite. Second, during the
study period, a low-volume preparation was not available.
Third, we did not investigate the duration of the intervention’s
effect in the long term and the need for active intervention of
nursing personnel for intake of the bowel preparation among
bedridden patients was not quantified. Fourth, we excluded pa-
tients who could not provide informed consent. One might
consider this group as one of the highest risk for non-adher-
ence that may eventually have benefited the most from the in-
tervention. Finally, another limitation is the distinctive roles of
bowel preparation adherence vs. pharmacology and their po-
tential association with the study design, itself. Our study was
not designed to address these issues and our intervention could
only improve patient adherence to preparation.

Conclusion
To conclude, this multicenter randomized study failed to de-
monstrate that use of simple, specific, verbal instructions on
top of the SOC can improve the quality of bowel preparation in
a setting of hospitalized patients undergoing colonoscopy. De-
spite the fact that a beneficial effect was shown among mobile
patients and same-day schedule prep and presence of comor-
bidities were detected as risk factors for colon preparation fail-
ure, additional strategies should be evaluated in future inpati-
ent studies to optimize bowel preparation in this particular sub-
group of patients.
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