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Abstract
Background  The rate of adequate cleansing (ACR) and complete examinations (CR) are key quality indicators in capsule 
colonoscopy (CC) and pan-intestinal capsule endoscopy (PCE).
Aims  To evaluate the efficacy of bowel preparation protocols regarding ACR and CR.
Methods  We conducted a systematic review and meta-analysis, search terms regarding colon capsule preparation, publica-
tion date from 2006/01, and date of search 2021/12, in six bibliographic databases. Multiple steps of the cleansing protocol 
were assessed: diet, adjunctive laxatives, purgative solution, use of prokinetic agents, and “booster”. The meta-analytical 
frequency of ACR and CR was estimated, and subgroup analyses performed. Strategies associated with higher ACR and CR 
were explored using meta-analytical univariable and multivariable regression models.
Results  Twenty-six observational studies and five RCTs included (n = 4072 patients). The pooled rate of ACR was 72.5% 
(95% C.I. 67.8–77.5%; I2 = 92.4%), and the pooled rate of CR was 83.0% (95% C.I. 78.7–87.7%; I2 = 96.5%). The highest 
ACR were obtained using a low-fibre diet [78.5% (95% C.I. 72.0–85.6%); I2 = 57.0%], adjunctive laxatives [74.7% (95% 
C.I. 69.8–80.1%); I2 = 85.3%], and split dose < 4L polyethylene glycol (PEG) as purgative [77.5% (95% C.I. 68.4–87.8%); 
I2 = 47.3%]. The highest CR were observed using routine prokinetics prior to capsule ingestion [84.4% (95% C.I. 79.9–89.2%); 
I2 = 89.8%], and sodium phosphate (NaP) as “booster” [86.2% (95% C.I. 82.3–90.2%); I2 = 86.8%]. In univariable models, 
adjunctive laxatives were associated with higher ACR [OR 1.81 (95% C.I. 1.13; 2.90); p = 0.014]. CR was higher with rou-
tine prokinetics [OR 1.86 (95% C.I. 1.13; 3.05); p = 0.015] and split-dose PEG purgative [OR 2.03 (95% C.I. 1.01; 4.09), 
p = 0.048].
Conclusions  Main quality outcomes (ACR, CR) remain suboptimal for CC and PCE. Despite considerable heterogeneity, 
our results support low-fibre diet, use of adjunctive sennosides, split dose < 4L PEG, and routine prokinetics, while NaP 
remains the most consistent option as booster.
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PEG	� Polyethylene glycol
PEG-Asc	� Polyethylene glycol-ascorbate
NaP	� Sodium phosphate
CC	� Colon capsule
OSS	� Oral sulphate solution

Introduction

Capsule endoscopy currently allows for non-invasive endo-
scopic evaluation of both the small bowel and colon. It has 
been a field of active research, with the development of the 
double-camera PillCam COLON® (first and second gen-
eration released in 2006 and 2009, respectively) and the 
PillCam Crohn’s® capsule (2017), as swallowable wire-
less miniature cameras, with approximately the size of a 
pill (31.5 × 11.6 mm) that enable non-invasive colonoscopy 
plus the acquisition of endoscopic images of the entire small 
bowel, setting a privileged field (as “small bowel-colon cap-
sules”) for a new concept of “pan-intestinal capsule endos-
copy” (PCE). These capsules have two cameras in opposite 
sides, with a wide field of view (2 × 172°), a high frame 
rate of image capture (up to 35 endoscopic images per sec-
ond) and extended battery duration (more than 12 h), and 
were demonstrated to be safe and effective, ensuring high 
diagnostic accuracy both for the small bowel and the colon 
mucosal evaluation [1–3]. To date, they have mostly been 
used in cases of previous incomplete conventional colonos-
copy (due to redundant colon, loops, or acute bends prevent-
ing successful cecum intubation) or in patients with inflam-
matory bowel disease, mainly Crohn’s Disease involving 
both the small bowel and the colon [4–6].

While the small bowel is usually effectively clean with 
standard bowel preparation protocols [2], adequate colonic 
cleansing remains a challenge. An optimized bowel prepa-
ration is pivotal to ensure an effective colon capsule (CC) 
examination, as it is not possible to wash or aspirate debris 
during the examination. In fact, a suboptimal bowel prepara-
tion may render the examination inconclusive, with a high 
burden both to the patient and the healthcare system. How-
ever, there is currently no consensus on the optimal bowel 
preparation protocol for CC or PCE to ensure effective colon 
cleansing (ACR) and completeness rates (CR). Variables 
such as the pre-procedure diet, type, and volume of the pur-
gative solution, type, and volume of the “booster”, as well 
as the use of adjunctive laxatives (such as sennosides) or 
prokinetic drugs (such as metoclopramide or domperidone) 
prior to capsule ingestion, are likely to play an important 
role. However, the evidence in the literature addressing this 
issue has only been scarcely assessed.

The aim of this systematic review and meta-analysis is 
to synthesize and analyse the available evidence towards 
the optimal bowel preparation protocol for CC or PCE, 

regarding adequate cleansing rate (ACR) and complete 
examinations rate (CR).

Methods

We performed a systematic review of which methodology 
followed the guidance of the Preferred Reporting Items 
for Systematic Review and Meta-Analyses (PRISMA) [7]. 
The review protocol was registered with the International 
Prospective Register of Systematic Reviews by the Centre 
for Reviews and Dissemination at the University of York 
(PROSPERO), with the ID: CRD42020176645.

Inclusion Criteria

Primary studies to be included in this systematic review were 
those investigating adult patients (≥ 18 years old) submitted 
to capsule colonoscopy or PCE with a double-headed cap-
sule (PillCam COLON 1®, PillCam COLON 2® or PillCam 
Crohn’s®), independently of the bowel preparation proto-
col and the clinical indication for the exam. Eligible studies 
included prospective or retrospective cohort studies, rand-
omized controlled trials, case–control studies, or case series. 
We excluded smaller studies, with less than 20 patients. Case 
reports, reviews, opinion articles, and systematic reviews or 
meta-analyses were also excluded.

Studies were only included if available information indi-
cated the bowel preparation regimen used, and if data on 
the efficacy outcomes (ACR; CR) were clearly reported. CR 
corresponded to capsule being expelled or reaching the hem-
orrhoidal pedicles within the battery time. For the definition 
of “adequate bowel preparation”, we considered the defini-
tion used by the authors of original articles, independently 
of the cleansing scale or qualitative classification used for 
evaluation and report. The Leighton-Rex capsule colonos-
copy cleansing scale was used by default, as a 2-point scale 
(adequate versus inadequate) or a 4-point scale (poor, fair, 
good and excellent) where applicable [8], decreasing data 
heterogeneity.

Information Sources and Search Strategy

Searches were conducted from 2006, the year of release of 
the CC in the market and start of use in clinical practice, 
until December 2021, in six electronic databases: PubMed, 
CINAHL (via EBSCO), EMBASE (via Elsevier), and CEN-
TRAL: Cochrane Central Register of Controlled Trials (via 
Wiley Online Library) and Web of Science Core Collection 
(via Clarivate Analytics), clinicaltrials.gov, OpenGrey, and 
Grey Literature Network Service. In addition, hand searches 
of the reference lists of all included studies and previously 
published systematic reviews of bowel preparation for CC 
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or PCE were performed. No geographical restriction was 
applied. The search strategy was developed in consultation 
with a medical librarian with expertise in systematic review 
searching. The search terms were adjusted to the specifici-
ties of the different databases. The full query is available in 
Supplementary Table 1.

Selection of Studies

After duplicates’ removal, two reviewers independently 
screened the titles and abstracts to identify potentially eli-
gible studies, and subsequently performed full-text review 
of those filtered to determine inclusion. Reviewers were not 
blinded to the study authors, institutions, or publication sites.

Data Extraction and Coding

Two reviewers independently extracted relevant data from 
each selected study, using a standardized data extraction 
electronic form: diet type (low fibre versus clear liquids), 
use of adjunctive laxatives prior to the purgative solution 
(none versus sennosides), purgative solution volume (stand-
ard PEG 4L versus < 4L), and/or type (standard PEG ver-
sus low-volume PEG-ascorbate), prokinetic agents (used 
routinely before capsule ingestion versus selectively only 
in patients with delayed gastric passage of the capsule as 
assessed with real-time viewer), and the “booster” (stand-
ard sodium phosphate versus oral sulphate solution (OSS), 
PEG-based or gastrografin-based). In addition, we extracted 
data on the sampling method, number of participants, and 
number of patients with ACR and CR. If the same data had 
been reported in multiple study publications, the duplicates 
were deleted, to minimize the overrating of any variable or 
outcome investigated in the same sample.

Quality Assessment

Potential bias of the included studies was evaluated by two 
independent investigators, using a scoring system proposed 
by Rokkas et al. [9, 10]—Supplementary Table 2. We con-
sidered studies scoring 4/5 and above as high quality and 3/5 
as moderate risk of bias. Studies scoring 2/5 and below were 
considered as being at high risk of bias and were excluded.

Disagreements between reviewers were resolved through 
consensus or consultation with a third reviewer if required.

Statistical Analysis

For each primary study, we registered data regarding the 
protocol variables and outcomes on an individual partici-
pant basis. We performed a random-effects meta-analysis 
of log-transformed proportions to estimate the pooled fre-
quency of patients achieving adequate cleansing or a clean 

preparation. Meta-analytical log-transformed proportions 
were back-transformed in the natural scale. Heterogeneity 
was assessed using the I2 statistic, and the Q-Cochran test 
p value—an I2 > 50% and a p value < 0.10 were deemed to 
represent substantial heterogeneity. Subgroup analyses were 
performed according to the different protocol strategies.

In addition, to identify sources potentially associated with 
improved cleansing or completeness, we applied a reduced 
random-effects one-stage model to identify the association 
between each protocol strategy and the obtention of a com-
plete examination or clean preparation. To assess the robust-
ness of our results, we performed a sensitivity analysis, 
applying a fully bivariate random-effects one-stage model. 
Models were described as applied by Debray et al. [11] 
Exponentials of the regression coefficients were interpreted 
as odds ratio (OR). In case that, in univariable models, more 
than one variable achieved marginal association (p < 0.20) 
with the outcome, multivariable models were built. All anal-
yses were performed using software R.

Results

We identified a total of 79 eligible studies through database 
searching—Fig. 1: PRISMA flow diagram. Supplementary 
Table 3 details the rationale for study selection. Thirty-one 
studies were considered to have good methodological qual-
ity, with low or moderate risk of bias, being selected for sys-
tematic review and meta-analysis—Table 1. This included 
five randomized controlled trials (RCTs) [12–16] and 26 
observational studies [1, 5, 17–40], with a total of 4072 
patients included. Regarding the RCTs, each study group 
was considered as an individual cohort for the purpose of 
data analysis, finally resulting in 39 study protocols depicted 
for quantitative synthesis. Table 1 summarizes identifica-
tion, recruitment methodology, type of capsule, sample size, 
bowel preparation protocol, and main outcomes for each 
of the studies included. Approximately half of the studies 
(14/31, 45.2%) were multicentric [1, 15, 16, 18, 22, 23, 25, 
29, 30, 34–37, 40].

Descriptive Results

Distribution of Study Population per Bowel Preparation 
Protocol Variables

Supplementary Figure 1 represents the total number of 
patients on the different bowel preparation protocols, for 
each of the five main domains (diet, adjunctive laxative, 
purgative solution, prokinetic, and booster).

Diet Thirty-one study protocols [1, 5, 12–26, 28, 32, 
34–38, 40] followed a clear liquid diet (n = 3437 patients), 
while 8/39 protocols [14, 27, 29–31, 33, 39] (n = 635 
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patients) allowed a low-fibre diet the day before the 
procedure.

Adjuvants Adjunctive laxatives were used at the first stage 
of the bowel preparation protocol, prior to ingestion of the 
purgative solution, in 19/39 protocols [1, 5, 12–16, 22, 26, 
28, 29, 31, 33, 36, 39] (n = 2224 patients). Adjunctive laxa-
tives corresponded mostly to four 12 mg sennosides tablets 
[1, 5, 12, 13, 16, 22, 28, 36], while fewer protocols used 
bisacodyl [14, 39], sodium picosulphate [29], sodium bicar-
bonate [31], mosapride [33], or magnesium tablets [15].

Prokinetics Domperidone or metoclopramide was used 
with the purpose of reducing the gastric transit time of 
the capsule in all but two [34, 36] protocols. It was used 
routinely (in all patients prior to capsule ingestion) in 26 
protocols [12–15, 17–21, 23–31, 33] (n = 1406 patients), 
and selectively in 11 protocols [1, 5, 16, 22, 32, 35, 37–40] 

(n = 2408 patients). Domperidone (most often given in a 
single dose of 20 mg) was the prokinetic of choice in 22/39 
(56.4%) protocols [5, 12–15, 17–23, 26, 28, 29, 38], the 
administration being selective in 3/22 (13.6%) of cases [5, 
22, 38]. Metoclopramide (mostly a 10 mg single dose) was 
used in 12/39 (30.8%) protocols [1, 16, 25, 30–32, 35, 37, 
39, 40], the administration being selective in 8/12 (66.7%) of 
cases [1, 16, 32, 35, 37, 39, 40]. Less frequently, mosapride 
5–20 mg [29, 31, 33], tegaserod 6+6 mg [24], itopride 50 mg 
[27], or erythromycin 250 mg [16] was used as prokinetics.

Simethicone (100–200 mg) was used prior to capsule 
ingestion in only 3/39 (7.7%) of all study arms [31, 33, 38], 
with the purpose of reducing the amount of bubbles that may 
limit mucosal visibility.

Purgative solution In all studies included, the purga-
tive was taken in a split-dose schedule, the first dose being 

Fig. 1   PRISMA flow diagram
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administered the evening before, and the second dose the 
early morning in the day of the procedure. The purgative 
solution was polyethylene glycol (PEG) 4L (i.e. 2+2 or 
3+1L) in 22 protocols [1, 5, 12–14, 16, 17, 19–22, 25, 26, 
28, 32, 35–37, 40] (n = 2866 patients), PEG less than 4L 
(1.5–3L) in 5 [14, 24, 27, 31, 33] (n = 138), and low volume 
PEG-ascorbate (PEG-Asc) in 12 protocols [13, 15, 23, 29, 
30, 34, 38, 39] (n = 1068 patients).

Boosters Additional boosters were used in all protocols, 
being administered at two stages, the first dose upon detec-
tion of the capsule passage to the small bowel, and the sec-
ond dose usually 2–3 h after the first dose, with the main 
goal of accelerating the transit time of the capsule while con-
tributing to maintain a clear liquid-filled intestinal lumen. 
The effect of the boosters also required variable amounts of 
additional free water, up to 1L after each dose, with the pur-
pose of simultaneously increasing effectiveness and safety. 
The booster was sodium phosphate (NaP) in 22/39 (56.4%) 
protocols [12–14, 17–22, 24–28, 30, 32, 34, 38, 40, 41] 
(n = 1908), administered in two separate doses of 30–45 mL 
and 15–25 mL (first and second dose, respectively). Oral 
sulphate solution (OSS) (up to 250 mL per dose) was the 
booster used in 5/39 (12.8%) protocols [1, 15, 16, 37, 39] 
(n = 1478). A PEG-based booster was used in 7/39 (17.9%) 
protocols [12, 15, 23, 30, 31, 33] (n = 213 patients), either 
PEG-only [12, 33] or associated with ascorbate (PEG-Asc 
500–750 mL followed by second dose 250–330 mL) [15, 
23, 30, 34] or magnesium citrate [31]. Gastrografin-based 
solutions were used as booster in 5/39 (12.8%) protocols 

[5, 15, 16, 29, 36] (n = 473 patients); gastrografin dose 
was 50–60 mL and 25–30 mL for first and second doses, 
respectively, in every case being associated with some sup-
plementary booster: NaP [5, 36], OSS [16], PEG-Asc [15], 
or magnesium citrate/mosapride [29].

Finally, a 10 mg bisacodyl suppository was adminis-
tered as a “rescue laxative” 1–2 h after the second booster 
if the capsule had not been excreted, in all but 5/39 (87.2%) 
protocols [27, 31, 33, 39]; one study used glycerine sup-
pository for this purpose [35]. A light snack was allowed 
in 13/39 (33.3%) protocols [1, 12, 15, 17–19, 21, 24, 26, 
28, 31, 33], generally following the bisacodyl suppository 
administration.

Meta‑analytical Results

Quality of Cleansing

Overall, the meta-analytical proportion of patients achiev-
ing adequate (good or excellent) cleansing was of 72.5% 
(95% C.I. 67.8–77.5%). However, severe heterogeneity was 
found (I2 = 92.4%). Supplementary Figure 2 represents the 
forest plot for the overall proportion of adequate cleansing. 
“Leave-One-Out” sensitivity analysis for adequate cleansing 
is represented in Supplementary Table 4.

Figure 2 and Table 2 summarize subgroup analyses for 
ACR per protocol variable. 

Diet ACR was 70% (95% C.I. 65.2–75.3%, p < 0.001) in 
patients drinking only clear liquids [1, 5, 12–26, 28, 32, 

Fig. 2   Meta-analytical propor-
tion of patients with adequate 
cleansing
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34–38, 40] (n = 3437) versus 78.5% (95% C.I. 72.0–85.6%, 
p = 0.019) in those who were allowed to have a low-fibre 
diet [14, 27, 29–31, 33, 39] (n = 635 patients) the day before 
the procedure.

Adjuvants ACR was 74.7% (95% C.I. 69.8–80.1%, 
p < 0.001) in patients taking adjunctive laxatives [1, 5, 
12–16, 22, 26, 28, 29, 31, 33, 36, 39] (n = 2224 patients), 
versus 68.4% (95% C.I. 61.8–75.6%, p < 0.001) in those 
patients where no pre-purgative adjuncts were used [12, 
14, 17, 18, 20, 21, 23–25, 27, 30, 32, 34, 35, 37, 38, 40] 
(n = 1848).

Prokinetics ACR was achieved in 70.6% (95% C.I. 
65.2–76.3%, p = 0.878) when no prokinetics were used 
[34, 36] (n = 258), versus 68.8% (95% C.I. 60.0–78.9%, 
p < 0.001) when a prokinetic was used selectively [1, 5, 
16, 22, 32, 35, 37–40] (n = 2408), and 73.2% (95% C.I. 
68.2–78.5%, p < 0.001) when it was used routinely in every 
patient prior to capsule ingestion [12–15, 17–21, 23–31, 33] 
(n = 1406).

Purgative solution ACR was obtained in 67.0% (95% C.I. 
58.2–77.0%, p < 0.001) of patients receiving the PEG-Asc 
[13, 15, 23, 29, 30, 34, 38, 39] (n = 1068), versus 77.5% 
(95% C.I. 68.4–87.8%, p = 0.109) of those having < 4L 
PEG [14, 24, 27, 31, 33] (n = 138), and 72.9% (95% C.I. 
67.8–78.3%, p < 0.001) of those drinking the 4L PEG solu-
tion [1, 5, 12–14, 16, 17, 19–22, 25, 26, 28, 32, 35–37, 40] 
(n = 2866).

Boosters ACR was 70.5% (95% C.I. 63.9–77.8%, 
p < 0.001) for NaP [12–14, 17–22, 24–28, 30, 32, 34, 38, 40, 
41] (n = 1908), 71.5% (95% C.I. 61.5–83.0%, p = 0.002) for 
PEG-based [12, 15, 23, 30, 31, 33] (n = 213 patients), 71.1% 
(95% C.I. 66.9–75.6%, p = 0.053) for OSS [1, 15, 16, 37, 39] 
(n = 1478), and 74.2% (95% C.I. 64.5–85.2%, p < 0.001) for 
gastrografin-based solutions [5, 15, 16, 29, 36] (n = 473).

Table 3 describes the results of the univariable analyses 
identifying the association between each protocol option and 
the occurrence of ACR. The use of an adjunctive laxative 
prior to ingestion of the purgative solution was significantly 
associated with a higher rate of adequate cleansing [OR 1.81 
(95% C.I. 1.13; 2.90), p = 0.014]. The graphical summary of 
results is represented in Fig. 4.

Completeness

Overall, the meta-analytical proportion of cases with 
complete colonic evaluation was of 83.0% (95% C.I. 
78.7–87.7%), but with severe heterogeneity being observed 
(I2 = 96.5%). Supplementary Figure 3 represents the forest 
plot for the overall proportion of completeness. “Leave-One-
Out” sensitivity analysis for completeness is represented in 
Supplementary Table 5.

Figure 3 and Table 2 summarize subgroup analyses for 
CR per protocol variable.

Table 2   Proportion of patients with adequate cleansing and complete examination per protocol variable

PEG polyethylene glycol, PEG-Asc polyethylene glycol-ascorbate, NaP sodium phosphate, OSS oral sulphate solution

% Adequate cleansing (95% C.I.) [I2; Q-Cochran test p 
value]

% Complete examination (95% C.I.) [I2; 
Q-Cochran test p value]

Clear liquids diet 70.0% (65.2%; 75.3%) [I2 = 91.7%; p < 0.001] 82.5% (78.7%; 86.5%) [I2 = 94.0%; p < 0.001]
Low-fibre diet 78.5% (72.0%; 85.6%) [I2 = 57.0%; p = 0.019] 83.6% (71.5%; 97.8%) [I2 = 96.5%; p < 0.001]
Use of adjuvants 74.7% (69.8%; 80.1%) [I2 = 85.3%; p < 0.001] 80.8% (74.2%; 87.9%) [I2 = 97.2%; p < 0.001]
No use of adjuvants 68.4% (61.8%; 75.6%) [I2 = 91.6%; p < 0.001] 84.4% (80.1%; 88.9%) [I2 = 88.2%; p < 0.001]
Prokinetic
 None 70.6% (65.2%; 76.3%) [I2 = 0%; p = 0.878] 75.7% (64.0%; 89.5%) [I2 = 56.0%; p = 0.132]
 Selective 68.8% (60.0%; 78.9%) [I2 = 96.8%; p < 0.001] 80.3% (72.1%; 89.4%) [I2 = 98.3%; p < 0.001]
 Routine 73.2% (68.2%; 78.5%) [I2 = 80.8%; p < 0.001] 84.4% (79.9%; 89.2%) [I2 = 89.8%; p < 0.001]

Prep volume
 PEG-Asc 67.0% (58.2%; 77.0%) [I2 = 88.9%; p < 0.001] 74.4% (66.2%; 83.7%) [I2 = 91.1%; p < 0.001]
 < 4L 77.5% (68.4%; 87.8%) [I2 = 47.3%; p = 0.109] 88.6% (79.1%; 99.3%) [I2 = 85.5%; p = 0.007]
 4L 72.9% (67.8%; 78.3%) [I2 = 90.9%; p < 0.001] 86.0% (82.2%; 90.1%) [I2 = 93.4%; p < 0.001]

PEG (vs. PEG-Asc) 73.6% (69.1%; 78.4%) [I2 = 88.3%; p < 0.001] 86.5% (82.9%; 90.2%) [I2 = 93.0%; p < 0.001]
Booster
 Sodium phosphate (NaP) 70.5% (63.9%; 77.8%) [I2 = 93.1%; p < 0.001] 86.2% (82.3%; 90.2%) [I2 = 86.8%; p < 0.001]
 PEG based 71.5% (61.5%; 83.0%) [I2 = 69.4%; p = 0.002] 77.8% (68.4%; 88.3%) [I2 = 73.5%; p < 0.001]
 Oral sulphate solution 71.1% (66.9%; 75.6%) [I2 = 57.0%; p = 0.053] 73.7% (59.3%; 91.6%) [I2 = 97.7%; p < 0.001]
 Gastrografin-based 74.2% (64.5%; 85.2%) [I2 = 84.5%; p < 0.001] 83.7% (72.1%; 97.2%) [I2 = 95.6%; p < 0.001]
 NaP (vs. Non-NaP) 72.5% (67.9%; 77.4%) [I2 = 78.2%; p < 0.001] 78.0% (71.1%; 85.6%) [I2 = 97.3%; p < 0.001]
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Diet The CR was 82.5% (95% C.I. 78.7–86.5%, p < 0.001) 
among patients on clear liquids [1, 5, 12–26, 28, 32, 
34–38, 40] (n = 3437) versus 83.6% (95% C.I. 71.5–97.8%, 
p < 0.001) in those allowed to ingest a low-fibre diet on the 
day before the procedure [14, 27, 29–31, 33, 39] (n = 635 
patients).

Adjuvants CR was 80.8% (95% C.I. 74.2–87.9%, 
p < 0.001) among patients who received adjunctive laxa-
tives [1, 5, 12–16, 22, 26, 28, 29, 31, 33, 36, 39] (n = 2224 
patients), versus 84.4% (95% C.I. 80.1–88.9%, p < 0.001) 
when no adjuncts were associated before the purgative 

solution administration [12, 14, 17, 18, 20, 21, 23–25, 27, 
30, 32, 34, 35, 37, 38, 40] (n = 1848).

Prokinetics CR was 75.7% (95% C.I. 64.0–89.5%, 
p = 0.132) when no prokinetic drugs were used [34, 36] 
(n = 258), versus 80.3% (95% C.I. 72.1–89.4%, p < 0.001) 
when its use was selectively only in those patients with 
delayed gastric passage of the capsule assessed real time dur-
ing the examination [1, 5, 16, 22, 32, 35, 37–40] (n = 2408), 
and 84.4% (95% C.I. 79.9–89.2%, p < 0.001) when it was 
offered routinely to all patients before swallowing the cap-
sule [12–15, 17–21, 23–31, 33] (n = 1406).

Table 3   Results of the 
univariable meta-analytical 
association between each 
protocol strategy and the % of 
adequate cleansing and % of 
complete examination

Bold values indicate statistically significant association
PEG polyethylene glycol, PEG-Asc polyethylene glycol-ascorbate, NaP sodium phosphate, OSS oral sul-
phate solution

% Adequate cleansing % Complete examination
OR (95% CI) [p] OR (95% CI) [p]

Clear liquids diet (vs. low fibre) 0.77 (0.46; 1.29) [0.324] 0.73 (0.32; 1.66) [0.458]
Adjuvants (vs. no adjuvants) 1.81 (1.13; 2.90) [0.014] 1.35 (0.62; 2.92) [0.452]
Prokinetic
 Selective (vs. no prokinetic) 0.98 (0.57; 1.69) [0.946] 1.72 (0.86; 3.44) [0.128]
 Routine (vs. no prokinetic) 1.23 (0.80; 1.87) [0.344] 1.86 (1.13; 3.05) [0.015]

Prep Volume
 < 4L (vs. PEG-Asc) 1.37 (0.72; 2.64) [0.339] 4.39 (0.80; 24.02) [0.088]
 4L (vs. PEG-Asc) 1.33 (0.75; 2.36) [0.334] 2.17 (1.05; 4.49) [0.036]

Prep volume—PEG (vs. PEG-Asc) 1.19 (0.72; 1.95) [0.495] 2.03 (1.01; 4.09) [0.048]
Booster
 PEG based (vs. NaP) 0.92 (0.48; 1.74) [0.788] 0.89 (0.34; 2.32) [0.803]
 OSS (vs. NaP) 0.91 (0.59; 1.41) [0.672] 1.03 (0.37; 2.85) [0.949]
 Gastrografin based (vs. NaP) 1.10 (0.60; 2.02) [0.752] 1.52 (0.45; 5.18) [0.499]

Booster—non-NaP (vs. NaP) 0.97 (0.63; 1.48) [0.871] 0.92 (0.42; 2.01) [0.836]

Fig. 3   Meta-analytical propor-
tion of patients with complete 
examinations
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Purgative solution CR was 74.4% (95% C.I. 66.2–83.7%, 
p < 0.001) for PEG-Asc [13, 15, 23, 29, 30, 34, 38, 39] 
(n = 1068), 88.6% (95% C.I. 79.1–99.3%, p = 0.007) for < 4L 
PEG [14, 24, 27, 31, 33] (n = 138), and 86.0% (95% C.I. 
82.2–90.1%, p < 0.001) when patients ingested the 4L PEG 
solution [1, 5, 12–14, 16, 17, 19–22, 25, 26, 28, 32, 35–37, 
40] (n = 2866).

Booster CR was 86.2% (95% C.I. 82.3–90.2%, p < 0.001) 
for NaP [12–14, 17–22, 24–28, 30, 32, 34, 38, 40, 41] 
(n = 1908), 77.8% (95% C.I. 68.4–88.3%, p < 0.001) for 
PEG-based [12, 15, 23, 30, 31, 33] (n = 213 patients), 73.7% 
(95% C.I. 59.3–91.6%, p < 0.001) for OSS [1, 15, 16, 37, 
39] (n = 1478), and 83.7% (95% C.I. 72.1–97.2%, p < 0.001) 
for gastrografin-based boosters [5, 15, 16, 29, 36] (n = 473).

The routine use of prokinetics prior to capsule ingestion 
[OR 1.86 (95% C.I. 1.13; 3.05), p = 0.015] and the use of 
split-dose PEG-only instead of the low-volume PEG-Asc 
as the purgative solution [OR 2.03 (1.01; 4.09), p = 0.048] 
were associated with significantly higher rate of complete 
examination—Fig. 4 and Table 3. In multivariate analysis, 
although no variable was associated with the outcome, a 
trend was observed for complete examinations when a pro-
kinetic agent was used, either routinely, OR 1.80 (95% C.I. 
0.72; 4.50; p = 0.21) or selectively, OR 2.12 (95% C.I. 0.98; 
4.55; p = 0.055), as well as with the use of split-dose PEG as 
the purgative solution, versus the low-volume PEG-Asc, OR 
1.78 (95% C.I. 0.88; 3.60; p = 0.109)—Table 4.

Safety and Tolerability

Data on the incidence of adverse events and tolerability of 
bowel preparation protocols were scarce and heterogene-
ous across the literature, with great variability among the 
different studies regarding definition, report, and classifica-
tion. While the incidence of serious adverse events related 
to bowel preparation was exceedingly rare, the incidence of 
mild to moderate adverse events, such as nausea, vomiting, 

dizziness, vertigo, and/or abdominal pain, ranged from 0 
[19, 21, 28, 33, 38, 40], to less than 10% [1, 13, 15, 22, 
23, 34, 37, 39, 42], 10–30% [5, 25, 32, 35, 36, 42], > 30% 
[14, 24], or even higher incidence rates up to 80–90% being 
reported on a few studies [12, 27]—Supplementary Table 6. 
We did not find any significant associations between the 
incidence of adverse events and a particular type of bowel 
preparation.

Discussion

The quality of bowel preparation is fundamental in colonos-
copy, influencing key outcomes such as the rate of complete 
examinations or the adenoma detection rate [43]. In the case 
of CC or PCE, achieving a clear mucosal view, as well as 
reaching a complete examination, is particularly challeng-
ing, as it cannot be optimized during the examination by 
manoeuvres such as washing, suction of debris, on-demand 
insufflation/deflation, or changing patients’ position. Our 
group has previously demonstrated that the risk of inade-
quate cleansing in CC is particularly high when there is his-
tory of inadequate colon cleansing, use of chronic laxative, 
antidepressant, or impaired mobility [44]. However, despite 
a recently published systematic review on this topic, there is 
still ongoing controversy on what should be the ideal bowel 

Fig. 4   Association between each protocol strategy and the proportion of adequate cleansing (A); and the proportion of complete examinations 
(B) as observed in meta-analytical models

Table 4   Multivariate analysis for proportion of complete examina-
tions (completeness)

PEG polyethylene glycol, PEG-Asc polyethylene glycol-ascorbate

Multivariate model

Prokinetic
 Selective 2.12 (0.98; 4.55) [0.055]
 Routine 1.80 (0.72; 4.50) [0.210]

Prep volume—PEG (vs. PEG-Asc) 1.78 (0.88; 3.60) [0.109]
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preparation protocol for CC or PCE [45]. In that study, 
the authors focused on the type of laxative, booster and 
prokinetic(s), concluding that both CRs and ACRs remain 
suboptimal, PEG laxative and NaP booster being the most 
commonly used, in spite of not associating with higher CRs 
or ACRs; in our current study, we further evaluated dietary 
factors, the use of adjunctive laxatives, and type of admin-
istration of the prokinetics (routine vs. selective). Moreover, 
we excluded mixed or less representative bowel preparation 
protocols and performed subgroup analysis per type and 
volume of laxative and per booster main component when 
mixed, with the purpose of decreasing heterogeneity for data 
analysis. Still, we acknowledge the significant heterogeneity 
of our data analysis, which was expected considering (i) the 
stepwise nature of the different bowel-cleansing protocols, 
(ii) the different timings for administration of the various 
components of the bowel preparation protocol, and (iii) the 
different criteria to evaluate the quality of bowel preparation. 
Nonetheless, our results suggest that the highest proportions 
of adequate bowel cleansing (ACR) were obtained using a 
low-fibre diet the day before the capsule examination, pre-
medication with an adjunctive laxative such as sennosides, 
routine prokinetic prior to capsule ingestion, split dose < 4L 
PEG as the purgative solution, and a gastrografin-based 
booster. The highest proportion of complete examinations 
(CR) were observed using a low-fibre diet on the day before 
the capsule examination, with no use of adjunctive laxative, 
routine prokinetic administration prior to capsule ingestion, 
using a split dose < 4L PEG as the purgative solution, and 
NaP as the booster.

We should underline that although current evidence and 
international guidelines suggest that low-volume bowel 
preparations are valid options for bowel preparation in con-
ventional colonoscopy, being equally effective and safe, 
and with improved tolerability when compared to classical 
large volume PEG preparations, this cannot be extrapolated 
to CC or PCE [46]. Indeed, our results demonstrate that low-
volume PEG-Asc is significantly less effective for bowel 
cleansing and completeness in CC or PCE. Regarding the 
use of prokinetics (10 mg metoclopramide or 20 mg dom-
peridone), our results suggest that they should be routinely 
administered to all patients before capsule ingestion; we can 
hypothesize that, similarly with what often occurs with the 
small bowel capsules protocols [47], a second prokinetic 
dose may be offered if the capsule passage to the small 
bowel is delayed > 1 h as assessed with the real-time viewer. 
Regarding the booster to administer after the capsule reaches 
the small bowel, NaP has been the most extensively evalu-
ated and remains the most consistent alternative. Although 
NaP is currently not recommended as bowel preparation 
for conventional colonoscopy, mainly due to safety issues 
related to hyperosmolarity and nephrotoxicity, those have 
not been observed in CC or PCE studies, even in at-risk frail 

populations [48]. The use of gastrografin as booster warrants 
further evaluation, following some promising initial results. 
Although protocols using gastrografin-based boosters have 
been associated with improved outcomes, the magnitude of 
the effect attributable to gastrografin is difficult to extrapo-
late, since in every study, gastrografin was associated with 
some type of supplementary booster. A recently published 
prospective cohort study using historical controls described 
that adding gastrografin to the standard sodium phosphate 
booster protocol improved the rate of adequate bowel prepa-
ration, although further work is needed to increase the com-
plete CC rate [49].

Further expected refinements to improve the outcomes in 
terms of mucosal visibility may include the addition of sime-
thicone (100–200 mg) to the bowel preparation protocol, 
as it has been consistently shown to significantly improve 
the quality of bowel preparation and is currently recom-
mended in conventional colonoscopy studies, by reducing 
the number of bubbles covering the mucosal surface [46, 
50]. However, it should be noted that there is no standard-
ized protocol in terms of dose or timing of administration in 
CC or PCE studies.

Finally, from the literature review, it is well established 
that patients should receive a 10 mg bisacodyl suppository 
as a “rescue laxative” 1–2 h after the second booster if the 
capsule had not been excreted, and a light snack may be 
allowed following the bisacodyl suppository administration.

Regarding tolerability and safety, there were not enough 
organized data to allow for quantitative or qualitative analy-
sis. However, we could observe that all the different pro-
tocols were generally safe, with no severe adverse events 
reported and being reasonably well tolerated by the vast 
majority of patients.

In summary, our results suggest that, similarly to what 
is currently recommended for conventional colonoscopy 
[46], a low-fibre diet could be allowed the day before the 
procedure, as it does not impair the quality of cleansing or 
the completion rate and improves patients’ tolerability and 
adherence to the bowel preparation protocol; PEG to be used 
as the purgative solution administered in split dose, at a vol-
ume of less than 4L (mainly 3L), which was superior to 4L 
regarding completeness and adequate cleansing rates; proki-
netics (10 mg metoclopramide or 20 mg domperidone) were 
more effective towards completeness when routinely offered 
to all patients before capsule ingestion; routine use of a sen-
noside laxative prior to the purgative solution effectively 
improved cleansing quality, while the addition of simethi-
cone or the use of composite boosters, such as an association 
of NaP and gastrografin, mainly in populations with higher 
risk for inadequate bowel preparation [38], seem promising 
but require further evaluation.

A major strength of this systematic review and meta-
analysis was the inclusion of a large number of patients 
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from prospective studies with good methodological qual-
ity. The main limitation derives from the heterogeneity 
between studies, namely the composite multi-step bowel 
preparation protocols and uneven methodologies at evalu-
ating the main efficacy and safety outcomes, and an effort 
towards standardization of bowel preparation protocols 
and outcomes assessment tools are warranted.

In conclusion, the results of this systematic review 
and meta-analysis were able to consolidate the current 
evidence on the core components of the standard bowel 
preparation protocols for CC and PCE, while identifying 
some key aspects for improvement of cleansing quality 
and completeness, as the main efficacy outcomes to be 
validated in further well-designed studies.
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