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Optimizing bowel preparation for colonoscopy: a guide to enhance

quality of visualization
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Abstract

Colonoscopy is an important screening and therapeutic modality for colorectal cancer. Unlike

other screening tests, colonoscopy is dependent on pre-procedure bowel preparation. If the bowel
preparation is poor, significant pathology may be missed. Many factors are known to improve bowel
preparation. This review will highlight those factors that may optimize the bowel preparation,
including choice of bowel preparation, grading or scoring of the bowel preparation, special factors
that influence preparation, and diet prior to colonoscopy that affects bowel preparation. The
aim of the review is to offer suggestions and guide endoscopists on how to optimize the bowel
preparation for the patients undergoing colonoscopy.
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Introduction

Colorectal cancer is one of the top three neoplasms
afflicting the global patient population. Over the past decade,
colonoscopy has become a heavily used screening test to
prevent the development of colon cancer. Although other
noninvasive tests are available, such as fecal immunochemical
test, fecal occult blood test and CT colonography, colonoscopy
offers the advantage of being a diagnostic and therapeutic tool
at the same time [1].

The quality of bowel preparation impacts the success of
colonoscopy. Optimal bowel preparation leads to decreased
procedure time, increased polyp detection, and subsequent
increased adenoma detection rate, a popular quality indicator
for colonoscopy. A suboptimal bowel preparation can result in
small or flat lesions being missed [2], shortened surveillance
times [3], significantimpediment in progression of colonoscope,
increased likelihood of complications, and more sedatives
and analgesics being required [4]. Therefore, an enormous
amount of research has been performed on improving bowel
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preparations prior to colonoscopy. In a joint statement in 2006
by the American Society of Colon and Rectal Cancer (ASCRS),
American Society of Gastrointestinal Endoscopy (ASGE),
and the Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES), a colonoscopy preparation should have the
following properties: inexpensive; cleanse the bowels rapidly;
and not cause significant patient discomfort or electrolyte
imbalances [5]. This is similar to the guidelines published
by the European Society of Gastrointestinal Endoscopy [6].
Today, there are essentially three factors that are essential for
a good bowel preparation: safe, palatable, and efficacious [1].

Bowel preparation is generally safe for most patients but can
be detrimental for patients with co-morbidities if the wrong
preparation is utilized on the wrong patient. An example is
Fleet Phospho-Soda or magnesium citrate used in patients
with renal failure. At present, polyethylene glycol (PEG) is the
only recommended bowel preparation in patients with renal
failure [7]. As for efficacy, poor bowel preparations have health
and financial implications. Suboptimal bowel preparation leads
to increased repeat colonoscopy procedures which increases
overall health care costs and risk to the patients [8]. Many
factors impact efficacy, including variability in the preparation
due to patient compliance with the preparation instructions
provided, health literacy, and socioeconomic status. Other
various confounding factors like use of narcotics, chronic
constipation and diabetes, and timing of bowel preparation in
relation to colonoscopy also impact efficacy of the preparation.
To improve efficacy, splitting the dose of the bowel preparation
has become increasingly popular [6,9-12].

An adequate bowel preparation is a combination of multiple
factors and essential to identifying and removing pre-cancerous
lesions in the colon and rectum. In this review, we will focus
on the factors that may optimize bowel preparation prior to
colonoscopy, including description of bowel preparation
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agents, grading scales for bowel preparations, factors that
may influence the efficacy of the bowel preparation, impact of
restrictive diets on preparation, and timing of preparation with
colonoscopy.

Optimizing bowel preparation agents

Many bowel preparations agents are available today. These
agents are shown in detail in Table 1. Bowel preparation

Table 1 Types of colon cleansing agents available

agents may be classified by multiple ways, including volume
administered (low-volume versus high-volume), osmolarity
(isotonic versus hypoosmotic versus hyperosmotic), or
main active ingredient (PEG, sodium picosulfate, sodium
phosphate [NaP]).

Over the past decade, the volume of preparation seems to be
the focus as patients complain about drinking an entire 4 L or
1 gallon of PEG with electrolytes (PEG-ELS). This volume issue
has been challenging and has led to the use of low-volume (2 L)
of PEG-ELS with an adjunct, such as senna, magnesium citrate,

Preparation contents  Total volume Regimen Safety
ingested
PEG-ELS 4L 2 L solution evening prior - Needs to be ingested quickly
2 L solution morning of colonoscopy - Safe in renal failure, congestive heart failure, and
liver disease
- Poor palatability and can cause nausea, vomiting,
and bloating
PEG-ELS 208 Bisacodyl 5 mg with sip of water and - Low volume, better tolerated
Bisacodyl 5 mg 1 L PEG-ELS evening prior - Risk of ischemic colitis with increasing doses of
1 L PEG-ELS morning of colonoscopy bisacodyl 210 mg
PEG-ELS 2.95L 1 L preparation with 16 oz of water evening prior - Contains phenylalanine
Sodium ascorbate (99.6 0z)** 1L preparation with 16 oz water morning of - Use with caution in glucose-6-phosphate
ascorbic acid colonoscopy dehydrogenase deficient patients
Sodium phosphate 1.89L 20 tablets with 40 oz of water evening prior - Lower volume
(64 oz) 12 tablets with 24 oz water morning of - Avoid in diarrhea and IBD*** patients as can cause
colonoscopy colonic mucosal architecture distortion and mimic colitis
- Can cause acute phosphate nephropathy
Magnesium citrate 231L 15 oz Mg citrate solution with 24 oz water - Avoid in elderly and patients with renal dysfunction
(78 0z)  evening prior - Patients may need to drink up to 64 oz of additional
15 oz Mg citrate solution with 24 oz water water with evening dose
morning of colonoscopy
Sodium sulfate 2.84L 16 oz preparation and water followed by 32 oz of - Avoid in patients with renal failure
potassium sulfate (96 0z)  water evening prior - Avoid in patients with gout as may cause increased

magnesium sulfate

PEG 3350 without ELS 19L

16 oz preparation and water followed by 32 oz
water morning of colonoscopy

238-255 g Miralax with 1.9 L Gatorade with

uric acid levels

- Avoid in CHF and cirrhosis
- Risk of hyponatremia
- Does not work as well as PEG-ELS alone

- Avoid in renal failure
- Avoid in elderly patients

1 sachet with 150 mL water followed by 1 L water - More common in Japan and South Korea

- Avoid in renal failure, congestive heart failure,
cirrhosis, and IBD

- Risk of phosphate nephropathy

- Not used much in United States and Europe

- Avoid in renal failure, congestive heart failure,

gatorade (640z)  0.95 L evening prior
0.95 L morning of colonoscopy
Sodium picosulfate 2.19L 5 oz preparation and 40 oz of water evening prior - Avoid in renal failure
magnesium oxide (74 0z) 5 oz preparation and 24 oz of water morning of
citric acid colonoscopy
Sodium picosulfate 23L 2 sachets with 150 mL water followed by
magnesium oxide citric (78 0z) 1 L water evening prior
acid+magnesium citrate
Sodium phosphate 1.6L 45 mL and 45 mL water evening prior
(540z) 45 mL and 45 mL water morning of colonoscopy
Must drink 6-8 8 oz clear liquid throughout
preparation
Sodium phosphate 1.66 L 4 tablets with 8 oz clear liquid every 15 min
(56 0z) (total of 20 tablets) evening prior

4 tablets with 8 oz clear liquid every 15 min
(total of 8 tablets) morning of colonoscopy

cirrhosis, and IBD
- Risk of phosphate nephropathy
- Not used much in United States and Europe
- Common clear liquid is ginger ale
- Some add bisacodyl for improved efficacy

*PEG-ELS, polyethylene glycol with electrolytes; **oz, fluid ounces; ***IBD, inflammatory bowel disease
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magnesium sulfate, magnesium oxide, mannitol, enema, olive
oil, castor oil, bisacodyl, cisapride, domperidone, ascorbic
acid, alverine citrate, lubiprostone, simethicone, probiotic,
metoclopramide, mosapride, simethicone, or sodium
ascorbate [1,13-16]. Large-scale randomized controlled trials
have compared low-volume preparations to 4 L PEG-ELS with
little to no head-to-head comparisons. A meta-analysis of six
randomized controlled trials comparing low-volume PEG-ELS
and bisacodyl to 4 L PEG-ELS showed no difference in efficacy
but did reveal improvement in side effects [15]. Another meta-
analysis of nine randomized controlled trials comparing low-
volume PEG-ELS and ascorbic acid to traditional 4 L PEG-
ELS demonstrated similar bowel preparation efficacy but no
difference in side effects [16]. Furthermore, most of these
adjunctive agents have not gained widespread use due to side
effects. Bisacodyl can cause abdominal cramping [17] and
ischemic colitis, especially dose of > 10 mg [18,19]. Magnesium
citrate is contraindicated in patients with renal failure with
isolated case reports of inducing ischemic colitis [20]. Low-
volume PEG-ELS with ascorbic acid cannot be administered
to patients with glucose-6-phosphate deficiency as the
accompanying ascorbic acid can induce hemolysis [21].
Besides volume, osmolarity also plays a major role.

PEG-based preparations are isosmotic, being osmotically
balanced with non-fermentable electrolytes. PEG-based
solutions have an excellent safety profile with the minimal
electrolyte shifts, making it favorable to be used most commonly.
PEG-ELS is the favored colonic preparation for inflammatory
bowel disease patients as it does not induce histologic changes
in the colonic mucosa [22]. However, approximately 15% of the
patient population being administered PEG-ELS are unable to
tolerate it due to unpleasant taste, large volume, or nausea [23].
PEG-ELS solutions have a large volume that can predispose
the patient to abdominal fullness and cramping, aspiration
pneumonia in rare instances, colitis, pancreatitis [24], and
Mallory-Weiss tears from forceful vomiting [25]. Therefore,
other preparations have been conceived to limit the negative
qualities of PEG-ELS. Miralax (PEG 3350 without electrolytes)
(Merck, New Jersey, USA) mixed with Gatorade (a sports
drink) (PepsiCo, Illinois, USA) is one of these preparations
that is commonly used.

Miralax-Gatorade is a bowel preparation with a lesser
volume. However, when PEG 3350 powder without electrolytes
(Miralax) is mixed with 64 ounces of a sports drink (Gatorade),
the result is a hypoosmotic solution [26]. At this time, despite
its common use around the United States, this solution is
not Food and Drug Administration (FDA)-approved for
colonoscopy preparation. Furthermore, a meta-analysis
of five randomized controlled trials in 2014 revealed the
Miralax-Gatorade preparation was inferior to PEG-ELS in
satisfactory bowel preparations (OR 0.65; 95% CI: 0.43-0.98;
P=0.04) [27]. In addition, isolated cases of hyponatremia
have been reported, likely due to electrolyte shifts with the
hypoosmotic solution [28-32]. Given these electrolyte shifts,
the Miralax-Gatorade preparation is not recommended for
patients with congestive heart failure or advanced liver disease
with ascites [33]. Due to these issues with electrolyte shifts and
hyponatremia, hyperosmotic agents have been studied as well.
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Hyperosmotic agents include NaP, magnesium citrate,
sodium sulfate, and sodium picosulfate. These preparations act
by osmotically increasing intraluminal fluid content resulting
in fecal material evacuation. The NaP comes in tablet form
with many tablets ingested with ample amount of water or as
a solution. It is extremely important that patients maintain
adequate hydration while undergoing NaP bowel preparation.
The NaP bowel regimen has been shown to be an effective
bowel preparation when compared to 4 L PEG-ELS regimen,
except for more nausea and vomiting [34]. The safety profile
of NaP limits its widespread use. Most notable but rare side
effect associated with its use is acute phosphate nephropathy,
which is deposition of calcium phosphate crystals in the renal
tubules resulting in irreversible kidney damage [35-39]. Acute
phosphate nephropathy can occur even in patients with normal
renal function and also in patients with preexisting renal
disease, especially those who are using diuretics or angiotensin
converting enzyme inhibitors. Therefore, this preparation should
be avoided in these patients [36,40]. The FDA in the United
States has issued a black box warning pertaining to the risk of
acute phosphate nephropathy associated with NaP in elderly
and patients with preexisting renal disease. Other adverse effects
include hyperphosphatemia, electrolyte imbalances, colonic
mucosal damage, and grand-mal seizures [41]. Although NaP
solution is limited in the United States and Europe [1,5,6], it
is still used in Japan and other countries [42-44]. Due to the
potential adverse effects of NaP, other sodium derivatives have
been evaluated, such as sodium sulfate and sodium picosulfate.

Sodium sulfate is taken as a split-dose with 16 fluid ounces
being taken the night before and 16 fluid ounces taken in the
morning of the procedure. The total volume of sodium sulfate
preparation is 96 fluid ounces, which is mildly less than 4 L
PEG-ELS. Unlike Miralax-Gatorade solution, sodium sulfate
has not been shown to cause major electrolyte abnormalities
or intravascular fluid shifts. However, sodium sulfate has not
been fully evaluated in patients with significant co-morbidities
including congestive heart failure, renal disease, or cirrhosis.
Therefore, it is best to avoid this preparation in these
patients [45]. On the other hand, the newest agent in the
hyperosmotic category is a combination of sodium picosulfate
and magnesium oxide, a lower volume preparation of a total
of 74 fluid ounces. Sodium picosulfate acts as a stimulant
laxative while magnesium oxide acts as an osmotic agent with
resulting cathartic effect on the bowels. Efficacy in terms of
bowel cleansing is comparable to NaP and PEG-ELS [46,47].
Electrolyte abnormalities (severe hyponatremia) have been
reported in the elderly with use of sodium picosulfate and should
be used very cautiously in this patient population [48,49].

Finally, magnesium citrate is a relatively inexpensive
osmotic laxative but data on its efficacy as a standalone
colonoscopy preparation is lacking. Although not a routine
first-line bowel preparation in Europe and the United States, it
is commonly used in Japan, South Korea, and other countries
as a single bowel preparation agent or combined with sodium
picosulfate [50-52]. It should be avoided in patients with renal
insufficiency as magnesium is excreted through the kidney.
Resulting magnesium toxicity may induce bradycardia,
hypotension, nausea, and death [53].
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Many options are available for bowel preparations. As
mentioned, each option has its positives and negatives and must
be customized for the specific patient population to optimize
the quality of bowel preparation. For the most part, PEG-ELS
seems to be the most utilized based upon fewest population
restrictions due to its isosmotic properties and overall efficacy.
However, the large volume is difficult for patients to drink,
leading to increased use of low-volume bowel preparations.
The days of one size fits all bowel preparation, although easy,
are likely over. In Japan, it is not uncommon to add a prokinetic
agent to the bowel preparation in an effort to minimize
abdominal discomfort [54,55]. However, due to side effects
of most prokinetic agents and lack of convincing evidence
on its benefit to the patient and preparation, this practice is
not recommended in the United States and Europe at this
time [5,6]. Bowel preparation agent choice must be adjusted
to the patient to ensure optimization of the preparation.
Whichever preparation the patient and physician decide to use,
it is extremely important to effectively evaluate or grade the
bowel preparation to improve the quality of preparation over
time. By implementing a grading system, bowel preparations
may be altered by continuous quality improvement to optimize
the efficacy.

Optimizing bowel preparation quality by grading

Bowel cleanliness is an important determinant of a quality
of colonoscopy and surveillance interval. This may be the
deciding factor in scheduling an interval colonoscopy after
an average risk screening colonoscopy for colorectal cancer.
Appropriate documentation of the bowel preparation quality
for the colonoscopy benefits patients, other endoscopists,
and insurance providers when follow-up interval needs to be
earlier than expected. Although many scales are evident in the
literature (Table 2) [56-63], three validated bowel preparation
scoring or grading systems are most commonly used:
Aronchick, Ottawa, and the Boston Bowel Preparation scales.

The Aronchick scale is likely the most used but most
subjective bowel preparation grading scale [56]. This scale
grades the adequacy of colonic cleansing by describing mucosal
visualization of the colon on a five parameter scale: excellent,

Table 2 Bowel preparation scales in the literature

Scale Scale
range

Preparation

Excellent Poor

Aronchick score Excellent to Excellent Inadequate

inadequate
Ottawa bowel preparation scale 0-14 0 14
Boston bowel preparation scale 0-9 9 0
Harefield cleansing scale 0-20 20 0
Chicago bowel preparation scale 0-36 36 0
Marden bowel preparation 1-4 4 1

classification
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good, fair, poor, or inadequate. Based on this scale, excellent
bowel preparation is defined as a small volume of clear liquid or
greater than 95% of mucosal surface seen. A good preparation
is having a large volume of clear liquid covering up to 25% of the
surface but greater than 90% of mucosal surface is visualized,
while fair being the presence of some semi-solid stool that
could not be suctioned or washed away but greater than 90%
of mucosa seen. A poor is having semisolid stool that could
not be suctioned or washed away and less than 90% of surface
seen and lastly patient’s with frank solid stool are labelled as
having inadequate bowel preparation. A major limitation of the
Aronchick scale has high interobserver variability in estimating
percentage of mucosal visualization. Also, the scale is based
upon visualizing the entire colon, not allowing for individually
segments to be judged separately although most endoscopist
using this scale grade the preparation according to the poorest
preparation area visualized in the colon. Therefore, for more
specificity, the Ottawa bowel preparation scale was introduced.

The Ottawa bowel preparation scale which was developed
in 2004 [57]. In this scale, the colon is divided into three
segments (right, mid and recto-sigmoid). Each section is
graded on a scale of 0 to 4 (0 being excellent) with all sections
totaling a score of 0-14 (0 being excellent). For each segment, 0
corresponds to an excellent preparation, 1 is suction very little
fluid with good visualization, 2 is suctioning liquid to see colon
wall, 3 corresponds to the need for washing and suctioning, and
4 represents non-visualization of colon wall. Once the sections
are graded, another score is applied to the quantity of fluid
which is scored from 0-2, 0 being small amount of fluid, 1 being
moderate amount of fluid, and 2 being large amount of fluid.
Both the values are then summed and scored out of a total of 14.
The Ottawa scale also has a similar limitation as the Aronchick
score, with higher interobserver between endoscopists. Also,
the Ottawa scale is more complex with no defined agreement
on score necessary for overall satisfactory versus unsatisfactory
preparation. Lastly, this is the only scoring system that defines
the lowest number as a better preparation with all other scales
using the higher number as a better preparation, which may
lead to confusion among endoscopist. Due to its complexity,
other scales have been introduced.

The Boston bowel preparation scale (BBPS) is a validated
scale that has demonstrated excellent intra- and interobserver
reliability [58,59]. In BBPS, the colon is divided in three
segments: Right side, transverse colon, and the left side of the
colon. The score is applied after washing the colonic wall and
during the withdrawal phase of the colonoscopy. The grading
after cleaning, not before, is extremely important and has led
to confusion amongst endoscopists with this scale. Each of the
three segments is given a score after cleaning of 0 to 3, with
0 being unprepared colon with solid stool, 1 representing
portion of the mucosa visualized but other areas not well seen,
2 corresponding to good visualization with minor amount of
residual staining with small fragments of stool or opaque liquid,
and 3 being entire mucosa visualized with no residual staining,
stool, or opaque liquid. The overall score is calculated after
adding scores of all three segments for a total of 0 to 9, with 9
representing excellent preparation score. A score of 25 seems to
be the consensus for adequacy of bowel preparation; however,



many endoscopists prefer 26 [60,61,64]. A recent study has
demonstrated that a BBPS score of 2 or greater in each segment
(BBPS of 26) is sufficient to detect adenomatous polyps >5 mm
and should not affect standard surveillance interval [61]. The
BBPS is a widely used score because of its straightforward
terminology, easy calculation during colonoscopy, and less
inter and intraobserver variability. Furthermore, if training is
needed, a training program for the BBPS online may be utilized
(http://www.cori.org/bbps/).

Regardless of bowel preparation score used, the scales
may significantly help in optimizing bowel preparations for
the specified patient population. By using a validated scale
and continuous quality improvement, endoscopists may
adjust bowel preparations to maximize the efficacy and freely
compare to other institutions in area or nationally. Therefore,
bowel preparation scores appear to be extremely important in
optimizing bowel preparations.

Optimizing bowel preparation for special factors

Many factors may affect the quality of bowel preparation
resulting in suboptimal exams, from patient understanding of
instructions to co-morbidities affecting bowel transit times.
Given these factors, specialization or modification of the bowel
preparation may be required.

A common factor is inability of the patient to correctly
follow the bowel preparation instructions [65]. Given the
research on health literacy, bowel preparation instructions
should be written at a level that even children may understand.
In the United States, this generally refers to a 5"-grade reading
level. By ensuring this, nearly all patients will be able to read
and understand the bowel preparation instructions leading
to improved bowel preparation scores. To further enhance
patient understanding of preparation instructions, many
videos are available [66-68]. These educational videos have
been shown to significantly improve bowel preparation as
well as increase cecal intubation rate and adenoma detection
rate [68]. Videos may be available online or made locally
at low cost for a specific preparation or patient population.
In addition to videos, other patient factors influence bowel
preparation.

Many factors have an impact on the optimization of
bowel preparation, from co-morbidities to environment [69].
Patient co-morbidities may result in suboptimal bowel
preparation such as history of chronic constipation, diabetes
mellitus, neurological conditions such as Parkinson’s disease,
colonic resection or history of prior abdominal surgeries,
and overweight/obesity (defined as body mass index
>25 kg/m?*) [70-72]. Other factors have also been found to
affect quality of preparation, such as later colonoscopy starting
time, patient taking bowel preparation as inpatient [70,73],
and use of sedatives and hypnotics, especially tricyclic
antidepressants [74]. Additional factors have been implicated,
including low literacy, single or widowed marital status,
Medicaid insurance, hospitalized, and male gender, resulting
in a significant number of unsatisfactory bowel preparation
for colonoscopy [74-78]. With any of these factors, special
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attention may be required to optimize the bowel preparation
and decrease need for repeat colonoscopy at earlier interval.

The use of videos and recognition of factors influencing
bowel preparations will likely improve bowel preparations
prior to colonoscopy, reduce unnecessary earlier repeat
colonoscopies, and may improve adenoma detection rate with
improved visualization. Furthermore, a recent study by Kim
et al demonstrated predictive factors for optimizing bowel
preparation including <5 h from PEG-ELS consumption to
colonoscopy, frequency of defecation >5 times, and completely
liquid stool at time of procedure [79]. With predictive factors,
optimization of the bowel preparation may be significantly
improved. Endoscopists must be mindful of these factors
and adjust preparations as needed to optimize the bowel
preparation.

Optimizing bowel preparation in special populations

The choice and efficacy of bowel preparation may be heavily
influenced by patient factors and co-morbidities. Many special
populations may require adjustments in timing and type of
bowel preparations. Patients with the following co-morbidities
or circumstances usually require modification of the bowel
preparation: congestive heart failure, chronic renal disease,
inflammatory bowel disease, elderly, and lower gastrointestinal
bleeding.

In patients with congestive heart failure or chronic renal
disease, the bowel preparation utilized should not result
in massive fluid shifts or electrolyte absorption. For these
reasons, PEG-ELS seems to the bowel preparation of choice.
NaP should not be used due to possibility of phosphate
nephropathy [35-39,80]. Furthermore, sodium sulfate
preparations have not been studied well in these populations
and are generally avoided [41]. Likewise, sodium picosulfate is
also avoided in patients with chronic renal disease.

Patients with inflammatory bowel disease are also limited,
but not to the extent of those with congestive heart failure or
chronic renal disease. In this patient population, the clinician
should avoid NaP as it has been shown to potentially cause
mucosal damage that may mimic colitis [81]. Other bowel
preparations seem to be better.

Elderly patients, 65 years of age or older, have been shown to
have poor bowel preparation in up to 19% of colonoscopies [82].
This is due to a variety of reasons but it seems mostly due to
the intolerance to drinking a large volume of preparation. In
patients 80 years of age or older, approximately 40% report
poor tolerance to large-volume bowel preparations [83].
Furthermore, given the prevalence of renal insufficiency in
the elderly population, NaP bowel preparations are generally
avoided [82]. Therefore, in this population, a low-volume
bowel preparation may be ideal.

In patients with lower gastrointestinal bleeding, the bowel
preparation also requires some adjustments. Although blood
acts as a cathartic laxative, blood coated on the mucosal has
been shown to increase incomplete colonoscopies and limit
visualization significantly [84,85]. A common practice is what
is known as a purge preparations. In this preparation, 4-6 L
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of PEG-ELS is administered orally or via nasogastric tube
(if cannot tolerate oral or unable to drink preparation) over
2-3 h [86,87]. This rapid administration of preparation has
been shown to improve the ability to find source and treat
bleeding endoscopically [86].

Endoscopists should chose the bowel preparation wisely in
these special populations to optimize the efficacy and treatment
of these patients. In general, PEG-ELS in split-dose fashion
seems to be the safest preparation for most of these populations
except in the elderly where low-volume PEG-ELS preparation
should predominate.

Optimizing bowel preparation by diet

Practices pertaining to dietary instructions prior to bowel
preparation vary globally. In the United States, a clear liquid
diet is usually recommended the day prior to the colonoscopy
evaluation. This type of restrictive diet is not well liked among
patients. Furthermore, the clear liquid diet is difficult to
maintain for patients, leading to ingestion of solids foods during
the day prior to colonoscopy which, in turn, may decrease
quality of bowel preparation. In an effort to improve patient
compliance with the dietary restriction prior to colonoscopy, a
low-residue diet, rather than clear liquid diet, was introduced
and studied.

Multiple studies has evaluated the use a low-residue diet
on the day prior to colonoscopy [88-96]. These studies utilized
a low-residue diet at various stages of the day, with some
having the diet only for breakfast [93], some with breakfast
and lunch [92,94,95], one with lunch only [91], and others
for the entire day [88-90,96]. Many of these studies showed
improved or equivalent bowel preparation quality compared
to having a clear liquid diet on the day before colonoscopy.
Recently, a meta-analysis was performed on randomized trials
comparing clear liquid diet to low-residue diet on the day
prior to colonoscopy [97]. This meta-analysis demonstrated
that with a low-residue diet prior to outpatient colonoscopy,
patients were more willing to have a repeat colonoscopy
performed (OR 1.86; 95% ClI, 1.34-2.59; P<0.01) and improved
tolerability of preparation (OR 1.92; 95% CI, 1.36-2.70; P<0.01)
with no differences in quality of bowel preparations or adverse
effects [97]. With this new information, liberalizing the diet
to a low-residue diet on the day before colonoscopy should
be strongly considered to enhance tolerability of preparation
while not decreasing overall bowel preparation quality.
However, for hospitalized patients, this diet may not be as
effective given multiple other factors. In hospitalized patients,
a clear liquid diet was noted to be the only dietary modification
that improved quality of colonic preparation [73].

The diet on the day prior to colonoscopy does influence the
bowel preparation and varies widely throughout the world. In
the past, a clear liquid diet has been used in an effort to lower
residue in the colon during exam. Based upon new information,
a low-residue diet on the day prior to colonoscopy seems to
be better for patients and should be utilized more often for
outpatient procedures. However, inpatient procedures continue
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to use a clear liquid diet prior to colonoscopy to optimize the
bowel preparation.

Optimizing bowel preparation by timing

The timing of bowel preparation prior to colonoscopy
impacts the quality greatly. A shorter interval from completion
of bowel preparation to colonoscopy is recommended. It
has been reported that the ideal time to colonoscopy after
completion of bowel preparation is 3-4 h [98] and should be
less than 8 h after completion of bowel preparation [99]. This
has led to the concept of split-dosing the bowel preparation.

Split-dose bowel preparation refers to taking a portion of
the bowel preparation the night prior to colonoscopy (usually
50%) and the other portion on the day prior to colonoscopy
(usually the other 50%). This may be done with nearly all
bowel preparations. A meta-analysis of five randomized
controlled trials in 2011 compared split-dose PEG-ELS to full-
dose PEG-ELS the night before colonoscopy and discovered
that by using split-dose PEG-ELS, the number of satisfactory
bowel preparations (OR 3.70; 95% CI: 2.79-4.91; P<0.01) and
willingness to repeat preparation (OR 1.76; 95% CI: 1.06-
2.91; P=0.03) were significantly increased [10]. Furthermore,
less nausea and need for discontinuation of preparation were
decreased [10]. Since 2011, multiple studies and guidelines
have advocated the use of split-dose bowel preparation for any
preparation used [1,9-12,100-104]. Given the overwhelming
amount of evidence supporting the practice of split-dosing the
preparation, split-dosing the preparation should be performed
for patients undergoing colonoscopy. However, the timing
of the last drink of preparation to beginning of colonoscopy
has not been fully addressed. Given the use of sedation
medications, the risk of aspiration of bowel preparation
contents when consuming the preparation on the same day
(as in split-dosing) has induced anxiety among endoscopists
and anesthesiologists. New studies have shown that split-dose
bowel preparation with last drink of bowel preparation 2-3 h
prior to colonoscopy results in similar gastric residual volumes
as those with full-dose night before preparations [103,104].
Therefore, split-dosing appears safe with most preferring the
last drink of preparation to be 3 h prior to colonoscopy.

Bowel preparation on the same day of colonoscopy is
vital in improving the quality of examination. Split-dose
bowel preparation has been shown to be superior to full-dose
preparation in numerous studies and meta-analyses, which
has led to the adoption of this practice in many guidelines.
Regardless of the preparation used, splitting the dose will
optimize the quality of the bowel preparation.

Concluding remarks

In summary, today’s colonoscopist is increasingly
individualizing bowel preparations to achieve an efficient,
tolerable, and safe bowel preparation. An optimal bowel
preparation leads to decreased total colonoscopy procedure



Table 3 Recommendations of bowel preparations for specific populations based on literature and authors’ analysis
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Population First line Alternatives Avoid
General PEG-ELS* PEG-ELS+ascorbic acid Sodium phosphate
Sodium sulfate solution in
Sodium picosulfate United States
PEG-ELS+Bisacodyl (5 mg only) and Europe
Sodium phosphate tablets
Sodium picosulfate+magnesium citrate
Magnesium citrate
Co-morbidities PEG-ELS Limited Sodium phosphate
congestive heart Sodium picosulfate
failure cirrhosis Sodium sulfate
renal insufficiency Miralax-gatorade
Magnesium citrate
Elderly PEG-ELS with ascorbic acid PEG-ELS Sodium phosphate
PEG-ELS with bisacodyl Magnesium citrate
Sodium sulfate
Sodium picosulfate
IBD** PEG-ELS Sodium sulfate Sodium phosphate
Sodium picosulfate
Sodium picosulfate+magnesium citrate
Miralax-gatorade
LGIB*** PEG-ELS (purge prep) Limited Miralax-gatorade

Sodium phosphate

All preparations should be administered in split-dose fashion. *PEG-ELS, polyethylene glycol with electrolytes; **IBD, inflammatory bowel disease;

*LGIB, lower gastrointestinal bleeding

time, increased cecal intubation, and decrease costs by
preventing canceled procedures and increasing intervals
between screening/surveillance colonoscopies. Predictors
of non-compliance with bowel preparation should be
assessed prior to scheduling the screening colonoscopy so an
attempt can be made to remedy with provision of detailed
preparation instructions, switching to a lower volume bowel
preparation, and patient engagement. In an effort to minimize
confusion, we have summarized our recommendations based
on the literature in Table 3. Regardless of choice of bowel
preparation, split-dosing the preparation should be performed.
Furthermore, adjusting the preparation for special populations,
using videos and written preparation instructions, and
liberalizing the diet to a low-residue diet on the day prior to
colonoscopy is extremely beneficial. Lastly, continuous quality
improvement through grading or scoring the adequacy of the
bowel preparation enables adjustments in preparation practice
to optimize the quality of preparation. With these practices,
bowel preparations should be optimized.
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