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Abstract
Background Different split regimens of polyethylene glycol are routinely used and no guidelines are available to 
select an optimal protocol of ingestion. This study aims to compare the efficacy and side effect profile of two different 
regimens of polyethylene glycol bowel preparation solution: PEG (3 + 1) vs. PEG (2 + 2).

Methods 240 patients above the age of 18 years were included in the study between June 1st and November 31st, 
2023. Patients were randomly assigned either to Group A, consisting of 115 patients receiving a 3 L of PEG the night 
before the colonoscopy, and 1 L the same morning of the procedure. Or to group B, where 125 patients ingested 2 L 
the night before the procedure, and the remaining 2 L the same morning. The cleansing efficacy was evaluated by the 
attending endoscopist using the Boston Bowel Preparation Scale, through a score assigned for each segment of the 
colon (0–3). Side effects, tolerability, and willingness to retake the same preparation were listed by an independent 
investigator using a questionnaire administered before the procedure.

Results A higher percentage of patients had gastric fullness with the 3 + 1 vs. 2 + 2 preparation (58.3% vs. 31.2%; 
p <.001). A higher Boston bowel preparation score was seen in patients who took the 2 + 2 vs. 3 + 1 preparation 
(7.87 vs. 7.23). Using the 2 + 2 preparation was significantly associated with higher Boston bowel preparation scores 
vs. the 3 + 1 preparation (OR = 1.37, p =.001, 95% CI 1.14, 1.64). After adjustment over other variables (age, gender, 
comorbidities, previous abdominal surgeries, presence of adenoma, and time between last dose and colonoscopy), 
results remained the same (aOR = 1.34, p =.003, 95% CI 1.10, 1.62).

Conclusion While both (2 + 2) and (3 + 1) regimens of polyethylene glycol are a good choice for a successful 
colonoscopy, we recommend the use of (2 + 2) regimen for its superior efficacy in bowel cleansing.
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Background
For years, colonoscopy has become a routinely per-
formed procedure in adult people; it is the gold standard 
procedure for the evaluation of colonic abnormalities, as 
well as for surveillance and screening for the presence 
of a colorectal malignancy [1]. It is well known that the 
success of the procedure and a good intestinal mucosal 
visualization correlate directly with the quality of the pre-
endoscopic bowel preparation [2]. An inadequately pre-
pared bowel may lead to failure or prolonged time of the 
procedure (decreased cecal intubation rate, decreased 
adenoma detection rate, missed colonic polyps) while 
increasing the likelihood of complications [3].

An optimal bowel cleansing before colonoscopy 
remains one of the main obstacles we face during the pro-
cedure [4, 5]. Polyethylene glycol (PEG) and sodium pico-
sulfate/magnesium citrate (SPMC) stand among the most 
commonly used bowel preparations before colonoscopy.

A main advantage of SPMC is the relatively lower vol-
ume of preparation that the patient has to ingest prior 
to colonoscopy [1].. This is believed to happen due to 
the reduced effective volume of the SPMC preparation 
2  L compared to the 4  L PEG solution [1, 6]. However, 
many contraindications limit the use of SPMC, and many 
adverse side effects compromise its use in patients willing 
to undergo colonoscopy [1, 7, 8].

As opposed to SPMC preparation, PEG is a balanced 
electrolyte lavage rather than an osmotic agent, also 
known as an isosmotic nonabsorbable polymer. What 
makes it distinct from other bowel preparations is its 
relatively minimal impact on serum electrolytes and 
intravascular blood volume. Furthermore, it offers the 
possibility to perform colonoscopies on patients within 
12 to 18  h of the initial evaluation with minimal diet 
restriction [2]. Besides, the high-volume PEG bowel 
preparation remains safe even in patients with comorbid-
ities such as hepatic dysfunction, acute or chronic kidney 
disease, heart disease, or electrolyte imbalance [12].

On the other hand, different centers of colonoscopy 
worldwide have used distinct protocols for the adminis-
tration of PEG. Among the most widely used PEG proto-
cols we mention, whole non-split dose 4 L of PEG, split 
dose (3 L + 1 L), and split dose (2 L + 2 L). Analyzing the 
studies previously published on the subject, we can find 
several randomized trials and meta-analysis revealing 
that split-dose PEG offers major benefits in clinical prac-
tice and more satisfactory scores of bowel cleansing effi-
cacy when compared to a whole non-split dose of PEG 
[13]. More importantly, patient willingness to retake the 
same was improved when splitting the dose, along with a 

decreased frequency of nausea as stated in a meta-analy-
sis [14–16].

In addition, previous studies consider the timing of 
PEG ingestion as an important factor influencing the 
effectiveness of bowel preparation [13]. Likewise, the 
European Society of gastrointestinal endoscopy recom-
mends that the interval of time between the ingestion of 
the last dose of the preparation and the procedure itself 
should be decreased and not exceed 4 h [6, 17, 18]. The 
idea behind having a certain dose of PEG ingested as 
close as possible to colonoscopy is attributed to the fluid, 
bile, and debris that accumulate overnight and after the 
first dose of PEG has been fully taken. Hence, this will 
result in poor mucosal visualization during endoscopy. 
What also became standard is that the American soci-
ety of Anesthesiologists recommend that patients should 
have nothing taken by mouth at least 2 h prior to the pro-
cedure in order to minimize the pulmonary aspiration 
risk [17].

Searching the literature, we could not find data that 
supports the use of a standardized, statistically proven, 
effective way to split the 4 L of PEG. For this reason, we 
compared the patient compliance, tolerability, willing-
ness to retake the preparation, and cleansing efficacy of 
the 2 most used protocols of split dose PEG aiming to 
find an optimal regimen. The first protocol tested con-
sists of a 4 L (3 L + 1 L) split dose, with 3 L ingested the 
night prior to the procedure and the remaining 1  L the 
same morning of the procedure. The second protocol is 
a 4 L (2 L + 2 L) split dose, among which 2 L ingested the 
night prior to the procedure and 2 L the same morning of 
the procedure.

Methods
Patients/Participants
Patients included in the study are those who presented to 
Notre Dame de Secours University Hospital for elective 
colonoscopy. The study was performed at Notre Dame 
de Secours between June 1, 2023, and November 31, 
2023; 240 patients were enrolled (Fig. 1). After informed 
consent, the patients were randomly provided written 
instructions on either of the two PEG bowel preparations 
by their respective endoscopist (a computer-generated 
randomization sheet was used by the attending physi-
cians to allocate each colonoscopy candidate either to 
group A or group B). Exclusion criteria were as follows: 
Patients under the age of 18 years; the presence of seri-
ous medical conditions, such as severe cardiac or renal 
disease, active alcoholism, drug addiction, metabolic 
disease, or major cognitive/psychiatric illness; previous 

Keywords Polyethylene glycol, Split dose, Gastric fullness, Colon cancer, Adequate bowel preparation, Boston bowel 
preparation score, Adenoma detection rate



Page 3 of 7Abou Zeid et al. BMC Gastroenterology          (2024) 24:132 

allergy to polyethylene glycol or refusal of consent to 
participate in the study. Colonoscopies were performed 
by one of three staff endoscopists. All procedures were 
completed between 8:00 AM and 1 PM under sedation 
using propofol I.V with continuous monitoring of heart 
rate and oxygen saturation by the anesthesia team during 
the procedure and recovery time.

Minimum sample size
The G-power software calculated a minimum sample of 
191 patients based on a hypothetical small-to-moderate 
effect size of 0.2 between the type of regimen and the 
Boston Bowel Preparation Scale (BBPS) score (in the 
absence of similar studies tackling the same objective), an 
alpha error of 5% and a power of 80%.

Preparation instructions
Patients were randomly assigned to receive one of two 
preparation regimens. Group A were to ingest a split 
dose of PEG by using 4 sachets (Fortrans®; Beaufour, 
France), each containing 64 g macrogol 4000, 5.7 g anhy-
drous sodium sulfate, 1.68 g sodium bicarbonate, 1.46 g 
sodium chloride, and 0.75 g potassium chloride. These 4 
sachets are to be dissolved in 4 L water, 3 L of the solution 
ingested between 5:00 PM and 9:00 PM the evening prior 

to the procedure, and the remaining 1 L the same morn-
ing of to the procedure at least 2 h prior to the colonos-
copy in order to minimize aspiration risk after sedation. 
Patients in Group B were instructed to ingest 2 L the eve-
ning prior to the procedure and 2 L the same morning of 
the procedure. In both groups, patients were instructed 
to adhere to a low residue diet the day before colonos-
copy followed by a liquid only diet starting at 4 pm. 
Investigators were not blinded to the preparation type, as 
the attending physician had to give detailed instructions 
for the patients and ensure a good understanding of the 
assigned ingestion protocol.

Data collection
An independent investigator using the ‘Mayo clinic bowel 
preparation and tolerability questionnaire’ interviewed 
each candidate before colonoscopy [19]. This is a vali-
dated questionnaire. It consists of nine items: evaluation 
of overall tolerability and willingness to retake the same 
preparation, the baseline number of bowel movements, 
any potential health issues that might have interfered 
with the bowel preparation, add to that the presence of 
common symptoms experienced during bowel prepara-
tion (nausea, vomiting bloating, gastric fullness, bad taste 
in mouth, and lack of sleep from excessive bathroom 

Fig. 1 Flow chart for the patients selection in the study
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trips). Then in terms of compliance patients were asked 
about the amount of remaining solution after completing 
the drink; patients who did not complete their prepara-
tion as instructed were asked to estimate the total resid-
ual amount of PEG to the closest 100 mL.

As a secondary outcome, the efficacy of bowel prepara-
tion and the quality of mucosa visualization were evalu-
ated by one of the 3 endoscopists staff using the BBPS 
[20] by scoring each of the 3 segments of the colon: 
right-sided colon, transverse colon, and left-sided colon. 
Each segment can be scored between 0 and 3, so the total 
score ranges from 0 to 9. In addition, we evaluated: (a) 
the adenoma detection rate (ADR) each time an adenoma 
was confirmed it was noted in the patient file, and (b) 
adequate bowel preparation defined as a global BPPS 
score ≥ 6. (c) cecal intubation rate, defined as the percent-
age of colonoscopies reaching and visualizing the whole 
cecum. (d) ileal intubation, defined as whether the endos-
copist has reached the terminal ileum with the scope.

Statistical analysis
The SPSS software v.26 was used for the statistical analy-
sis. The Chi-2 test was used to compare two categorical 
variables and the Student t test to compare two means. 
Logistic regressions were used to calculate the unad-
justed/adjusted odds ratios before and after adjustment 
over variables respectively. P <.05 was deemed statisti-
cally significant.

Results
A significantly lower mean age was seen in patients 
who took the 2 + 2 vs. 3 + 1 preparation (51.90 vs. 56.05; 
p =.027) (Table  1). A higher percentage of patients had 
gastric fullness with the 3 + 1 vs. 2 + 2 preparation (58.3% 
vs. 31.2%; p <.001) (Table  2). Finally, a higher Boston 
bowel preparation score was seen in patients who took 
the 2 + 2 vs. 3 + 1 preparation (7.87 vs. 7.23) (Table 3).

Note that for the following tables, numbers in bold 
indicate significant p values. Group 3 + 1 refers to patients 

who took 3  L of the preparation the night before the 
colonoscopy and 1  L the day of the procedure. Group 
2 + 2 refers to patients who took 2  L of the preparation 
the night before the colonoscopy and 2 L the day of the 
procedure.

Multivariable analysis
Using the 2 + 2 preparation was significantly associated 
with higher Boston bowel preparation scores vs. the 3 + 1 
preparation (OR = 1.37, p =.001, 95% CI 1.14, 1.64). After 
adjustment over other variables (age, gender, comorbidi-
ties, previous abdominal surgeries, presence of adenoma, 

Table 1 Patients demographics and characteristics
3 + 1
(n = 115)

2 + 2
(n = 125)

Total
(n = 240)

p

Gender 0.646
 Male 61 (53.0%) 70 (56.0%) 131 (54.6%)
 Female 54 (47.0%) 55 (44.0%) 109 (45.4%)
Age (years) 56.05 ± 14.56 51.90 ± 14.39 53.89 ± 14.59 0.027
Comorbidities 0.282
 No 55 (48.2%) 69 (55.2%) 124 (51.9%)
 Yes 59 (51.8%) 56 (44.8%) 115 (48.1%)
Previous ab-
dominal surgery

0.242

 No 80 (69.6%) 78 (62.4%) 158 (65.8%)
 Yes 35 (30.4%) 47 (37.6%) 82 (34.2%)
Numbers in bold indicate significant p values

Table 2 Questionnaire evaluating side effects, tolerability and 
willingness to retake the preparation

3 + 1
(n = 115)

2 + 2
(n = 125)

Total
(n = 240)

p

Bad taste in the 
mouth

0.511

 No 59 (51.8%) 70 (56.0%) 129 
(54.0%)

 Yes 55 (48.2%) 55 (44.0%) 110 
(46.0%)

Gastric fullness < 0.001
 No 48 (41.7%) 86 (68.8%) 134 

(55.8%)
 Yes 67 (58.3%) 39 (31.2%) 106 

(44.2%)
Lack of sleep 0.874
 No 65 (57.0%) 70 (56.0%) 135 

(56.5%)
 Yes 49 (43.0%) 55 (44.0%) 104 

(43.5%)
Nausea/Vomiting 0.518
 No 68 (59.1%) 79 (63.2%) 147 

(61.3%)
 Yes 47 (40.9%) 46 (36.8%) 93 (38.8%)
Bloating/gas 0.629
 No 72 (62.6%) 82 (65.6%) 154 

(64.2%)
 Yes 43 (37.4%) 43 (34.4%) 86 (35.8%)
Abdominal pain 0.774
 No 91 (79.1%) 97 (77.6%) 188 

(78.3%)
 Yes 24 (20.9%) 28 (22.4%) 52 (21.7%)
Willing to drink the 
same preparation 
again

0.741

 No 20 (17.5%) 24 (19.2%) 44 (18.4%)
 Yes 94 (82.5%) 101 

(80.8%)
195 
(81.6%)

Amount of bowel 
preparation left in the 
bottle after drinking it 
to your best effort

0.16 ± 0.33 0.11 ± 0.57 0.12 ± 0.35 0.413

Tolerability of the 
bowel preparation

3.47 ± 1.14 3.36 ± 1.29 3.42 ± 1.22 0.488

Numbers in bold indicate significant p values
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and time between last dose and colonoscopy), results 
remained the same (aOR = 1.34, p =.003, 95% CI 1.10, 
1.62).

Discussion
For many years, PEG solution has been the mainstay for 
preparing patients for colonoscopy [10]. Ingestion of a 
whole non-split dose of PEG solution is reasonable in the 
only case where the procedure is to be performed in the 
afternoon. Otherwise, a split dose of PEG is the rule. In 
our present study, we are comparing the group A/ (3 + 1) 
regimen to the group B/ (2 + 2) regimen. Our study find-
ings unveiled a statistically significant improvement in 
bowel cleansing using the (2 + 2) preparation compared 
to (3 + 1) with a BBPS of 7.81 vs. 7.23 respectively. This 
enhanced mucosal visualization in group B is most prob-
ably correlated to the two-liter volume that patients were 
to ingest the same morning of the procedure. We have 
previously mentioned that guidelines recommend the 
second dose of the solution to be as close as possible to 
the procedure [6, 17, 18], but not closer than 2 h in order 
to decrease the aspiration risk [21]. Now with the dis-
cussed results, we are additionally able to suggest that the 
second dose of the solution not only has to be close to the 
procedure, but also the volume has to be large enough to 
have a perfect cleansing.

Besides, the tolerability and large volume of the solu-
tion along with the associated adverse events are of major 
debate. Many researchers have found that patient com-
pliance, tolerability, and willingness to retake the same 
preparation are positively affected each time the volume 
of the solution is smaller [9, 14, 22, 23]. Therefore, when 
comparing two high-volume solutions no significant dif-
ference is expected concerning the aforementioned fac-
tors. In our analysis, the difference between the 2 groups 
in terms of willingness to retake the preparation, patient 
tolerability, and compliance with the preparation, did not 
appear to be statistically significant. These similarities 
were predictable, as both groups received a same total of 
4 L of a same ingredient solution. On top of that, PEG has 

a ‘really bad taste’ as described by the patients and they 
have a hard time drinking that huge amount in a short 
period. Then this makes sense when neither of the groups 
will be different in terms of the factors mentioned above. 
Although no significant difference was noted in adverse 
events (nausea, vomiting, abdominal pain, bloating, lack 
of sleep, bad taste) it is noteworthy to know that a sig-
nificant difference exists in terms of gastric fullness. This 
is occurring more often in patients allocated to group A 
most likely because of the 3 L volume that these patients 
have to ingest in a very short time, leaving them with that 
annoying sensation of gastric fullness.

On the other hand, the adenoma detection rate is a 
measure of superiority for colonoscopy and is a primary 
indicator of the quality of mucosal visualization [24]. The 
ADR is perversely linked with colorectal cancer. Further-
more, Cecal intubation is considered a quality indicator 
as it decreases the cost by eliminating the need to repeat 
the procedure to complete the colonoscopy [24, 25]. Bet-
ter bowel preparation is associated with higher cecal 
intubation rates and higher adenoma detection rates [26]. 
Cecal intubation is necessary since it has been consis-
tently shown that a significant portion of colorectal neo-
plasms are situated in the proximal colon and it is now 
being known that poor bowel preparation results in lower 
cecal intubation and it is recommended to have a rate of 
cecal intubation ≥ 90% [22]. Ileal intubation although it is 
not required in most colonoscopies, it remains the gold 
standard evidence for complete colonoscopy. Apart from 
that, an adequate bowel preparation is defined as a BPPS 
score ≥ 6 and it is suggested to have that target score in 
at least 90% of the cases based on previous randomized 
clinical trials of split-dose bowel cleansing [27–29].

About ADR, cecal intubation, ileal intubation, and ade-
quate bowel preparation, no pronounced dissimilarity is 
observed between the two groups compared. However, 
this similarity can be an indicator of good cleansing effi-
cacy being achieved with both preparations, even though 
(3 + 1) regimen is inferior in terms of bowel cleansing, yet 
it achieves an efficacy congruent to that described in the 
literature. Our findings showed an adenoma detection 
rate of 27% in the total patients included in the study, a 
number superior to the 25%, the latter being described 
as the minimum standard in the European guidelines 
[30]. In addition, cecal intubation is strikingly achieved 
in 100% of the patients significantly higher than the rec-
ommended rate of 90%, this is undoubtedly attributed to 
the skills of the gastroenterologist in part and the good 
cleansing from another part. Parallel to that ileal intuba-
tion was achieved in 86.7% way above the 40.7% found in 
a large study realized by alkhatib et al. in 2022 [31]. Fur-
thermore, adequate bowel preparation was achieved in 
88.8% of the patients included in the study. This result is 
slightly inferior to the recommended target score, but is, 

Table 3 Data concerning the indicators of cleansing efficacy
3 + 1
(n = 115)

2 + 2
(n = 125)

Total
(n = 240)

p

Boston bowel prepara-
tion score

7.23 ± 1.61 7.87 ± 1.28 7.56 ± 1.48 0.001

Presence of adenoma 0.360
 No 87 (75.7%) 88 (70.4%) 175 

(72.9%)
 Yes 28 (24.3%) 37 (29.6%) 65 (27.1%)
Ileal intubation 0.612
 No 14 (12.2%) 18 (14.4%) 32 (13.3%)
 Yes 101 

(87.8%)
107 
(85.6%)

208 
(86.7%)

Numbers in bold indicate significant p values
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however, equal or superior to other scores found in the 
literature.

Limitations
First, in our study, we have compared two split dose regi-
mens of PEG. Other possible combinations of PEG-based 
solutions are being used, and studies assessing the use 
of PEG with an add-on laxative were beyond our pur-
view. Second, the assessment of the level of cleansing 
might be hampered by a degree of interoperator vari-
ability that we did not take into consideration. Third, we 
cannot eliminate a potential information bias, especially 
during patient interrogation. Finally, in our study, there 
is a chance of sub-optimal reproducibility with a single-
center observational strategy. However, our results are 
supported by the large sample size and the prospective 
design of our study. Furthermore, additional advantages 
of our research consist in the use of validated scales 
including BPPS and mayoclinic patient questionnaire.

Conclusion
The results of this study show that bowel preparation 
with the PEG-4  L split-dose (2 + 2) solution achieves 
significantly greater quality of bowel cleansing, with a 
markedly less sensation of gastric fullness and no added 
burden or discomfort to the patient compared to the 
(3 + 1) regimen of PEG. Further studies are required to 
look for a possible low-volume regimen of PEG (alone or 
in combination with other laxatives) that can furtherly 
decrease the burden of the preparation on the patient 
while maintaining or even improving the quality of bowel 
cleansing.
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