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ABSTRACT

Introduction: PillCam© colon capsule endoscopy (CCE) 
enables the study of colonic diseases in a safe and non-invasive 
way, although there are aspects that need to be improved. Current 
methods of bowel preparation lead to discordant rates of adequate 
cleansing and CCE excretion.

Aims: To compare the efficacy of colon cleansing using two 
different regimes (2L PEG plus ascorbic acid versus 4L PEG alone) 
for PillCam Colon (C2) capsule endoscopy.

Methods: Fifty eight patients included in this prospective study 
and randomized to: Group A, PEG plus ascorbic acid regimen (n 
= 28, 12 F/16 M) or group B, PEG alone regimen (n = 30, 14 
F/16 M). The degree of cleansing was categorized into “excellent-
good” or “fair-poor”, according to Leighton´s recently published 
preparation scale. CCE excretion rate and colon cleansing were 
assessed. Patients underwent to PillCam colon of second generation 
(C2).

Results: Cleansing was considered to be excellent-good 
in 78 % of cases in group A and in 64 % of cases in group B, 
with no significant difference between the groups (p = 0.252). 
Nevertheless, when the grade of cleansing was analyzed in 
segments, a significant difference was found in the cecum and 
transverse colon. No differences were observed in the bubble effect 
between preparations. The excretion rate was 93 % in group A 
versus 70 % in group B (p = 0.043).

Conclusions: These results suggest that a 2L PEG plus 
ascorbic acid regimen is at least as effective as a 4L PEG regimen. 
This regimen may be considered an effective alternative which 
would improve compliance because a smaller volume is required.

Key words: Colon capsule endoscopy. Bowel preparation. PEG 
plus ascorbic acid.

INTRODUCTION

Colorectal cancer (CRC) is one of the most prevalent 
causes of morbidity and mortality in western countries 
(1). Conventional colonoscopy is the gold standard used 
in cancer screening programmes, but this technique is inva-
sive, and in some cases painful. PillCam© colon capsule 
endoscopy (CCE; Given Imaging Ltd, Yoneam, Israel) is a 
new, safe and non-invasive endoscopic tool that may allow 
exploration of the colon without sedation and gas insuf-
flation, which thus represents a good alternative to con-
ventional endoscopy. Nevertheless, there are some aspects 
of the technique that could be improved. Recently a new 
second-generation CCE has been developed that provides 
a higher number of images per second and a larger viewing 
angle, which achieves better results in CRC screening (2). 

The other important aspect is the preparation of the bowel. 
CCE cannot insufflate the colon, aspirate liquids, or wash the 
mucosal surface during the procedure, so bowel cleansing 
has to be better for CCE than for conventional colonoscopy. 
Current methods of preparation led to discordant rates of ade-
quate cleansing or CCE excretion. Recently a guideline (3) 
for the use of CCE has been published which contains some 
statements and recommendations about bowel preparation. 

The colon preparation for CCE has two aims: Firstly it 
must provide a clean colon and clear images and secondly, it 
must promote capsule propulsion, initially through the entire 
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small bowel and then through the colon to the rectum. The 
classic colonoscopy preparation for CCE (4L PEG regimen 
and NaP booster) is not enough to achieve these two aims and 
new protocols have therefore been designed. This conven-
tional preparation was first evaluated in two pilot studies. In 
the Eliakim et al. (4) study, the overall cleanliness of the colon 
was rated as excellent or good in 84 % of cases. In the second 
pilot study (5) the results are better; an excellent or good prep-
aration was achieved in 90 % of cases. In the largest study, the 
Van Gossum et al. study (6), the preparation was excellent or 
good in 72 % of patients. In a recent study published by our 
group using the same preparation, the grade of cleanliness 
was rated as excellent or good in 66 % (7). 

It appears, as it has been mentioned, that colon clean-
liness significantly influences the sensitivity of capsule 
endoscopy. The published studies show an overall adequate 
cleansing level in less than 70 % of patients (approximate-
ly). This means that more than 1 in every 4 patients has an 
inadequate degree of colon cleansing. In addition, 4 liters 
of PEG is the recommended volume, and it is known that 
this amount of preparation is not as well tolerated as 2 liters 
of preparation. A large volume taken over a short period of 
time may result in patient intolerance and poor compliance, 
leading to poor colon cleansing.

The aims of our study were therefore:
–  To compare the degree of colon cleansing using two 

different regimes (PEG plus ascorbic acid versus PEG) 
prior to PillCam Colon (C2) capsule endoscopy.

–  To assess the capsule excretion rate using the two 
different preparations.

–  To evaluate the transit time with the preparations.

MATERIAL AND METHODS

This was a prospective, randomized trial to study the 
grade of colon cleansing using two preparations. This 
study was approved by the appropriate ethics committee 
for clinical research.

The inclusion criteria were: patients older than 18 years 
and undergoing colo-rectal cancer screening. The exclu-
sion criteria were the same as those used for the small 
bowel capsule, the key criteria being difficulty swallowing 
the capsule and the presence of a stricture in the gastro-
intestinal tract. In addition, patients at increased risk of 
sodium phosphate toxicity (8) (patients with hypovolemia, 
baseline kidney disease, bowel obstruction, or active coli-
tis, patients on medications affecting renal perfusion or 
with function kidney failure, or receiving concomitant 
treatment with angiotensin-converting enzyme inhibitors) 
and/or allergic to any of the medications of the study were 
excluded.

written informed consent was obtained from each par-
ticipant, and the study was approved by the institutional 
review board of the study site.

Sample size calculation with an α = 0.05 and a power 
(1-β) = 0.8, was 60 patients, 30 for each arm, based on the 
Spada’s et al. study (9). The nQuery Advisor® program was 
used to calculate the population in each arm. Patients were 
randomized, alternate, 1:1, into two groups. The groups 
were the following:

–  Group A: PEG 2 liters plus ascorbic acid. 
–  Group B: PEG 4 liters.
The preparation schedule is shown in table I.

Table I. Preparation schedule

Time Action

Day -2 22:00-23:00 48 mg sennoside  (Pursenid®)

Day-1
All day

Only clear liquids intake

19:00-21:00 1 liter of polyethylene glycol solution plus ascorbic acid (group A)
or 
2 liters of polyethylene glycol solution  (group B)

Examination day

07:00-08:00
1 liter of polyethylene glycol solution plus ascorbic acid (group A)
or 
2 liters of polyethylene glycol solution (group B)

08:00
Fast until first dose of oral sodium phosphate + water (except for 
domperidone and Pillcam Colon intakes) 

08:45 20 mg Domperidone (with a glass of water)

09:00 Pillcam Colon Ingestion

First alert 
Booster dose 1 of oral sodium phosphate: 30 ml sodium phosphate + 1 
liter of water

Second alert (3 hours after first booster)
Booster dose 2 of oral sodium phosphate: 30 mL sodium phosphate + 1 
liter of water

Third alert (2 hours after second booster) 10 mg Bysacodyl rectal suppository
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Colon capsule endoscopy

Patients underwent to PillCam colon of second gen-
eration (C2) (Given Imaging Ltd., Yoqneam, Israel). 
This model measures 11.6 by 31.5 mm with two imag-
ers, one at each end of the capsule. The angle of view 
has been increased to 172 degrees and to conserve battery 
energy, the capsule captures images at an adaptive frame 
rate, alternating from 35 frames per second while it is in 
motion (such as in the transverse colon) to 4 images per 
second when it is virtually stationary. After swallowing, 
the capsule works with a low frame rate of 14 per min-
ute until it automatically identifies the small bowel. The 
new data recorder also assists and guides the medical staff 
and patient through the procedure. It buzzes, vibrates and 
displays instruction numbers in order to alert the patient 
to take the laxative booster or that the procedure has ter-
minated. 

The need for good bowel preparation was emphasized to 
the patients by an expert nurse in endoscopic procedures, 
since the quality of bowel preparation has been found to 
relate to the accuracy of the CCE procedure.

A detailed instruction form was provided to all patients.

Study outcome measures

Colon cleansing levels

The overall degree of cleansing was determined accord-
ing to Leighton´s recently published (10) preparation scale, 
but divided in two categories “excellent-good” or “fair-
poor”. Also the grade of cleansing was analyzed in seg-
ments (cecum, ascending colon, transverse colon, descend-
ing colon and rectum).

The definitions for each category were as follows:
–  excellent: Full visibility of the mucosa in the seg-

ment of the colon, with no more than small bits of 
remaining feces.

–  Good: Quite complete examination of the mucosa, 
despite the presence of small amounts of solid mate-
rial or dark liquid in the segment.

–  Fair: Impaired visibility of the mucosa by solid feces 
or a large amount of dark fluids.

–  Poor: Examination of the mucosa possible for less 
than 25 % of the circumference.

The scale includes the effect of bubbles in the prepara-
tion: significant (more than 10 % of the surface area is 
obscured by bubbles) or insignificant (less than 10 % of 
the surface area is obscured by bubbles).

CCE excretion rate and transit time

CCE was considered “complete” when the hemorrhoi-
dal plexus was identified. Transit time to the colon was 

measured from the RAPID video for each patient and was 
defined as the time from initial ingestion to the time of first 
colon image. In addition, transit time within the colon was 
measured from the RAPID video for each patient. 

Two selected clinicians who were blinded to the study 
groups graded the cleanliness level, the excretion rate and 
the transit time (FAA and ACA). An additional independ-
ent physician supervised the blinding process (JMHG).

Statistical analysis

Descriptive statistics were performed for patient demo-
graphics. The chi-squared test and Fisher’s exact test were 
performed to compare between the two cleansing proce-
dures and to investigate whether there were statistically 
significant differences in the complete excretion of CCE or 
not. Also the Student’s test was used to analyze quantita-
tive variables as transit time of CCE. IBM SPSS Statistics 
22.0® program was used.

RESULTS

Sixty patients were included in the study, although final-
ly 58 patients were analyzed. In one patient the CCE was 
delayed in the esophagus because of an unknown peptic 
stricture and was retrieved via gastroscopy and in another 
case the patient was excluded because of preparation intol-
erance (both in group A). 

Baseline characteristics are included in table II. A total 
of 16 males and 12 females were included in group A, 
and 16 males and 14 females were included in group B 
(p = NS). The mean age was 56.5 ± 17.3 years in group A 
and 54.5 ± 16.05 in group B (p = NS). All of the patients 
were in a protocol of CRC screening. 

Colon cleansing levels

The cleansing grade was considered as excellent-good 
in 78.34 % of cases in group A and in 64.56 % of cases 
in group B, with no significant difference between the 

Table II. Demographic data

PEG 2 L plus 
ascorbic acid

PEG 4 L p

n 28 30

Median age 56,50±17,3 54,5±16,05 ns

Sex (M/F) 16/12 16/14 ns

Indication for CCE CRC screening CRC screening  
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two groups (p = 0.252). Nevertheless, when the grade of 
cleansing was analyzed in segments, a statistically sig-
nificant difference was found in the cecum and transverse 
colon (Fig. 1). No differences were observed in the bub-
ble effect between the two preparations. In the cecum, the 
bubble effect was not significant in 85.2 % of patients in 
group A versus 83.3 % in group B (p = NS). In the ascend-
ing colon, the bubble effect was not significant in 88.9 % 
of patients in group A versus 90 % in group B (p = NS). In 
the transverse colon, the bubble effect was not significant 
in 81.5 % of patients in group A versus 75 % in group B 
(p = NS). In the descending colon, the bubble effect was 
not significant in 77.8 % of patients in group A versus 
76.9 % in group B (p = NS). In the rectum, the bubble 
effect was not significant in 84.6% of patients in group A 
versus 84.9 % in group B (p = NS). 

CCE excretion and capsule transit time

As shown in table III, the excretion rate was 92.9 % in 
group A versus 70 % in group B (p = 0.043). In group A 
the hemorrhoidal plexus was not seen only in one patient 
but in group B the hemorrhoidal plexus was not seen in 
6 patients. Three capsules were delayed in the transverse 

colon, one in the ascending colon, and two in the descend-
ing colon. The mean transit time was 387 ± 184 minutes in 
group A and 370 ± 144 minutes in group B (p = NS). The 
mean colon transit time was 160 ± 185 minutes in group 
A and 146 ± 102 minutes in group B (p = NS). 

DISCUSSION

Good preparation for CCE is essential because as Spa-
da et al. (11) have demonstrated, when the preparation 
is adequate, the accuracy of CCE tends to be higher. In 
this paper, the quality of colon preparation during CCE 
was described as adequate in 43.5 % patients, with the 
remaining 56.5 % patients having inadequate colon prepa-
ration. when the level of colon cleansing was adequate, 
the sensitivity was 91 % and the specificity 97 %. when 
there was inadequate cleansing however, the sensitivity 
was only 38 % and the specificity 90 %. These authors thus 
consider there to be a strong relationship between the qual-
ity of cleansing and CEE sensitivity. In the largest study of 
CCE (4) the sensitivity was significantly higher in patients 
with good or excellent cleansing compared to those with 
poor or fair cleansing. The sensitivity and specificity for 
the detection of polyps (≥ 6 mm) in patients with good or 
excellent cleansing was 75 % and 84 %, respectively, and 
for the detection of such polyps in patients with poor or 
fair cleansing, the sensitivity and specificity was 42 % and 
84 %, respectively. 

A recent paper (12) described a new regimen of prepa-
ration consisting of a split dose of PEG and a 45 mL dose 
of sodium phosphate (NaP). Four senna tablets and a low-
residue diet were also included. CCE excretion rate, colon 
cleansing, and accuracy were assessed. At CCE, the bowel 
preparation was rated as good in 78 % of patients, fair in 
20 % and poor in 2 %. CCE excretion occurred in 83 % 
of patients. The authors concluded that the combination 
of a split-dose of PEG solution alongside a low dose of 
NaP boosters resulted in high rates of adequate cleans-
ing and CCE excretion. In another recently published (13) 
study the findings of a single center are reported. For colon 
cleansing they applied their department’s standard prepa-
ration procedure for colonoscopy including a low-fiber 
diet and PEG, and added an oral motility agent, Phospho 
Soda-boosters and a suppository. The level of cleansing 
on CCE was good in 15 (27 %), moderate in 30 (54 %) 

Table III. Excretion

Excretion rate

PEG 2L + ascorbic acid 92,9 %

PEG 4 L 70 %

p 0,043

Cecum Ascending 
colon

Transverse 
colon

Descending 
colon

Rectum TOTAL

PEG 2 L + ascorbic acid

* *
90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

PEG 4 L

* P <0.05

“Excelent-Good” 
preparation

PEG 2L + 
ascorbic acid

PEG 4 L p

Cecum 81,5% 42,1% 0,029

Ascending colon 81,5% 66,7% NS

Transverse colon 85,2% 57,1% 0,037

Descending colon 70,4% 76,9% NS

Rectum 73,1% 80% NS

Total 78,34% 64,56% NS

Fig. 1. Results.
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and poor in 11 (20 %) cases. Nevertheless, they found a 
lower excretion rate for CCE (64 %, n = 36) than the two 
previous pilot studies. This might have been caused by an 
additional fasting time of almost 4 hours between ingestion 
of the second 2 liters of PEG and initiation of CCE. Also, 
in the recent European Colon capsule endoscopy consen-
sus (2) based on the studies that have been developed, 
some recommendations have been included. Patients need 
to follow a liquid diet the day before the procedure and it 
is necessary to administer 4 liters of a PEG solution with 
a split regimen, to increase the tolerability and the efficacy 
of the preparation as has been demonstrated recently (11). 
The administration of boosters during the evolution of the 
capsule is necessary for the progression of the capsule, and 
also allows the capsule to move in a watery environment. 
In this sense, a low dose of NaP (45 mL) has been shown 
to achieve an adequate CCE excretion (14). 

The efficacy of bowel cleansing for conventional colo-
noscopy with 4 L PEG regimens varies widely, with 33 % 
to 83 % of patients achieving good or excellent cleans-
ing (15-22). It is well known that reduced-volume PEG 
products generally provide comparable colon cleansing 
compared with 4 L PEG preparations (23,24). Thus, we 
conducted this study to assess whether 2 L PEG + ascorbic 
acid preparations could be as useful as 4 L PEG prep-
arations in preparing the colon for CCE. Ascorbic acid 
is mainly absorbed in the small intestine by an active 
transport mechanism, sodium-dependent and saturable. 
These results in an inverse relationship between the doses 
ingested and absorbed dose rate. The unabsorbed fraction 
of ascorbic acid appears to act as an osmotic agent in the 
intestinal lumen leading to osmotic evacuation. Senna is 
used to stimulate colonic peristalsis and as the primary 
cleansing agent with a liquid diet. with that intention four 
senna tablets and a low-residue diet were included in our 
schedule. 

The cleansing grade was considered as excellent-good 
in 78.34 % of cases in the group prepared with 2 L PEG 
and in 64.56 % of cases in the group prepared with 4 L 
PEG. Although no statistically significant difference was 
observed in the overall preparation, we observed signifi-
cantly better cleansing in the cecum and transverse colon 
using 2 L PEG plus ascorbic acid. Perhaps, the number of 
patients included in the study is small to consider that dif-
ference as statistically significant. Nevertheless, we calcu-
lated the two groups based in a recent published paper (9). 
without any doubt, a bigger study should be performed. 
As some studies have demonstrated (25) that low volume 
PEG plus ascorbic acid is more acceptable to patients, the 
preparation may be even better in this group than in the 
4 L PEG one. Recently, Hartmann et al. (26) published a 
study using PEG plus ascorbic acid in CCE preparation 
using PEG as a booster. The cleansing level was > 80 %, 
approximately the same as our result, and they concluded 
that this regimen would be used in patients in whom sodi-
um phosphate-based preparations are used. 

As mentioned above, the published studies showed 
an overall adequate cleansing level of between 35-90 % 
(4-7,9,12) so the ideal preparation has not yet been found. 
To improve the tolerability and patient compliance a reduced 
volume preparation could be used, because the cleansing 
level is acceptable in our study. The excretion rate is also 
better in group A than in group B (92.9 % vs. 70 %). This 
excretion rate is far higher than the rate in the published 
studies, which varies between 69 and 84 %) (4-7,9,12). we 
have no reason for this, and perhaps new studies should be 
performed to investigate it. In the Hartmann study (24) using 
PEG as a booster, the completion rate was 76 %, similar to 
the rates published. 

In conclusion, our study shows that a low volume PEG 
plus ascorbic acid preparation is at least as good as 4 L 
PEG, and even better in some segments, with an enhanced 
excretion rate. we therefore propose that this low volume 
preparation plus NAP booster is used for CCE as the stand-
ard preparation.
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