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Background: Colonoscopy is a diagnostic and therapeutic procedure
that reduces colorectal cancer incidence and mortality but requires
adequate bowel cleansing for high-quality examination. Past studies
have suggested cirrhosis as a risk factor for worse bowel preparation.

Methods: We carried out a match-controlled retrospective study
evaluating patients with and without cirrhosis who underwent
outpatient screening colonoscopies to assess the effect of cirrhosis
and portal hypertension complications on preparation quality and
endoscopic measures. We also did a subgroup analysis excluding
patients with obesity.

Results: We examined 1464 patients with cirrhosis and matched
controls. Cirrhotic patients had lower mean Boston Bowel Prepa-
ration Scale (BBPS) scores and slower cecal intubation times. We
found a single point increase in the Model for End-stage Liver
Disease (MELD) score, as well as ascites, hepatic encephalopathy,
and variceal hemorrhage were all associated with a longer cecal
intubation time. Subgroup analysis excluding patients with obesity
again found a significantly lower BBPS score and longer cecal
intubation time while also finding a 24% drop in polyp detection.

Conclusions: Patients with cirrhosis have worse BBPS scores and
longer cecal intubation times. Nonobese cirrhotic patients addi-
tionally have a lower polyp detection rate. Portal hypertension
complications were associated with worsened preparation quality
and longer cecal intubation times. Each incremental increase in
MELD score lengthened cecal intubation time. These findings
support a more aggressive bowel preparation strategy for patients
with cirrhosis, especially patients with severe disease or portal
hypertension complications.
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C olorectal cancer remains one of the cancers with the
highest mortality in the United States.1,2 Colonoscopy

is the most performed gastrointestinal procedure in the

country and is not only diagnostic of colorectal cancer but
also therapeutic as it allows for the removal of polyps and
confers long-term protection from colorectal cancer inci-
dence and mortality.3,4 For a thorough endoscopic evalua-
tion, adequate bowel cleansing is essential. Inadequate
bowel preparation occurs in up to 25% of colonoscopies,5

leading to impaired visualization, missed polyps, lower
adenoma detection rates, longer cecal intubation time,
increased costs, and an overall increased risk of interval
colorectal cancer.1 Prior studies have suggested that under-
lying conditions or patient demographics such as diabetes,
obesity, narcotic use, male gender, older age, and cirrhosis
are associated with worse bowel cleansing.6–12

Cirrhosis as a risk factor for worse bowel preparation
and colonoscopy has been suggested as part of larger data
analyses.8,10,12–17 Only a few series with a relatively small
cohort of patients looking specifically at cirrhosis have been
reported.12–16 Gastrointestinal motility disorders have been
described in this population and in particular those with
more advanced liver disease and portal hypertension.18

Intestinal dysmotility complications such as small intestinal
bowel overgrowth, increased risk of spontaneous bacterial
peritonitis, and worsening of hepatic encephalopathy have
been described in patients with cirrhosis.19 Any worsened
bowel preparation in patients with cirrhosis can be dis-
astrous as chronic liver diseases may place patients at
increased risk of colon cancer, making screening with
colonoscopy even more important.20 Nonalcoholic fatty
liver disease and primary sclerosing cholangitis have been
associated with an increased risk of colorectal polyps and
cancer.21,22

To evaluate the effect of cirrhosis on bowel prepara-
tion, we carried out a match-controlled retrospective study
evaluating patients with cirrhosis who underwent outpatient
colonoscopy at the University of Utah Health System
between 2016 and 2021. We compared the Boston Bowel
Preparation Scale (BBPS), cecal intubation time and success
rates, and polyp detection rates. We also evaluated the
influence of the MELD score or the presence of portal
hypertension complications (ascites, hepatic encephalop-
athy, and variceal hemorrhage) on outpatient colonoscopy
preparations.

MATERIALS AND METHODS

Design and Study Population
This was a retrospective study including patients

18 years old or above with and without the diagnosis of
cirrhosis that underwent first-time outpatient screening
colonoscopy within the University of Utah Health System
between 2016 and 2021. We matched cases to controls in a
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1:1 ratio. Controls were patients without cirrhosis who
underwent outpatient colonoscopy at the University of Utah
Health System between 2016 and 2021 matched to cases by
age, gender, and race/ethnicity. Patients with any lifetime
diagnosis of cirrhosis were identified by searching the elec-
tronic medical record (EMR) for ICD 9 and 10 codes (ICD
9 571.5 and ICD-10 K74.6). Colonoscopy data were
obtained by searching the electronic medical record for
ICD-10 codes (ICD-10 Z12.11) and CPT codes (45378,
G0105, G0121). We excluded patients with known risk
factors for worse colonoscopies, such as opioid use (ICD-10
F11.9), opioid dependence (ICD-10 F11.2), and con-
stipation (ICD-10 K59.0l). We manually extracted BBPS,
cecal intubation time and success rate as well as polyp
detection rate data from colonoscopy reports. We obtained
portal hypertension complication information using the
following ICD codes: variceal hemorrhage (ICD-10 185.01),
ascites (ICD-10 R18.8), and hepatic encephalopathy (ICD-
10 572.2). We also performed a subgroup analysis excluding
patients with obesity (ICD-10 E66.9).

Statistical Analysis
We summarized and compared the distributions of

baseline covariates and various outcomes by cirrhotic status.
We used chi-squared tests for categorical factors and the
Wilcoxon rank sum test for continuous factors. We then fit
separate linear/generalized linear models to compare the
various outcomes between patients with or without cir-
rhosis. We adjusted for age, gender, and self-reported race/
ethnicities.

For BBPS data, we used a generalized linear regression
model from the Gaussian family with the identity link
function. For cecal intubation time success rate and polyp
detection rate, we used a generalized linear regression model
from the Poisson family with the log link function. Cirrhotic
status was included as an exposure in the models. To
determine the impact of the MELD score, we restricted the
data to only cirrhotic patients and used a generalized linear
model similar to the above for all outcomes, including the
MELD score as the predictor.

Next, we investigated if specific complications from
portal hypertension, such as ascites, HE, or VH, influenced
bowel cleansing in patients with cirrhosis . We restricted the
data to only patients with cirrhosis and fitted generalized
linear regression models for each outcome similar to the
above with each individual portal hypertension complica-
tion as predictors. We also fit a generalized regression model
for the presence of portal hypertension in general as a
predictor.

Finally, we fit a random forest model with individual
portal hypertension complications to better evaluate each
complication’s importance and to determine which specific

complications influenced bowel cleansing the most. This
model creates a percentage increase in mean squared error
(MSE) associated with each complication. The percentage
increase in MSE correlates with the importance of each
complication with a higher percentage increase correlating
with a stronger influence on bowel preparation.

Subgroup analysis excluding obese patients were per-
formed with the same techniques.

RESULTS
We found 732 patients with cirrhosis who underwent

first-time outpatient screening colonoscopy at the University
of Utah Health System between 2016 and 2021 that met our
inclusion and exclusion criteria (Table 1). Patients with
cirrhosis had lower mean BBPS scores (7.3 ± 1.8) than
controls matched for age, gender, and self-reported race/
ethnicities (7.7 ± 1.6; P< 0.001) (Table 2, Fig. 1). Cecal
intubation time was about 9% slower for patients with cir-
rhosis (8.2 ± 5.5 min) compared with controls (7.5 ± 5.2 min;
P= 0.01) (Table 2, Fig. 2). Successful cecal intubation rates
did not differ between patients with or without cirrhosis
(95.8% vs 96.8%; P= 0.27). Likewise, mean polyp detection
rates did not differ between patients with cirrhosis (2.3 ± 3.4
polyps detected) and patients without cirrhosis (2.4 ± 4.2
polyps; P= 0.99).

For patients with cirrhosis, we studied how worsening
cirrhosis severity as determined by the MELD score affected
their BBPS score, cecal intubation times and rates, and
polyp detection rates. The mean MELD score for patients
with cirrhosis was 11.0. For each increase in MELD score
by 1 point, the BBPS score decreased by 0.02 (P= 0.063),
and cecal intubation time increased by 2% (P< 0.001;
Table 3). Successful cecal intubation rate trended towards
significance with a 1-point increase in MELD score. Each
increase in MELD score by 1 point led to a 2% decrease in
polyp detection rate (P= 0.064).

We also studied the influence of portal hypertension
complications (including ascites, HE, and VH) on BBPS
score, cecal intubation times and rates, and polyp detection
rates (Table 4, Figs. 1–2). Ascites significantly decreased
BBPS score by 0.42 points (P= 0.002), increased cecal
intubation time by 19% (P= 0.001), and lowered polyp
detection rate by 23% (P= 0.008). It trended towards low-
ering the successful cecal intubation rate by 3% (P= 0.081).
Likewise, HE also significantly decreased BBPS score by
0.32 points (P= 0.034), increased cecal intubation time by
24% (P< 0.001), and lowered polyp detection rate by 24%
(P= 0.014). It trended towards lowering the successful cecal
intubation rate by 4% (P= 0.061). VH lengthened cecal
intubation time significantly by 23% (P= 0.043) but did not

TABLE 1. Characteristics of Cirrhotic Patients and Noncirrhotic Matched Controls at Baseline

Characteristics All patients (N= 1464) Cirrhotic patients (N= 732) Noncirrhotic patients (N= 732) P

Female gender, no. (%) 618 (42.2) 309 (42.2) 309 (42.2) 1.00
White/Caucasian, no. (%) 1198 (81.8) 599 (81.8) 599 (81.8) 1.00
Hispanic/Latino, no. (%) 190 (13.0) 95 (13.0) 95 (13.0) 1.00
MELD score, mean (SD) — 11.0 (6.4) — —
History of ascites, no. (%) — 208 (28.4) — —
History of HE, no. (%) — 254 (34.7) — —
History of VH, no. (%) — 50 (6.8) — —

HE indicates hepatic encephalopathy; MELD, Model of End-stage Liver Disease; VH, variceal hemorrhage.
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significantly lower BBPS or cecal intubation or polyp
detection rates.

Using a random forest model adjusted for age, gender,
race, and ethnicity, we found HE to have the highest effect
on BBPS and cecal intubation time (Fig. 3). Ascites affected
polyp detection rate and cecal intubation rate the most,
though no portal hypertension complication had more than
a minimal impact on cecal intubation rate. In all outcomes,
VH did not greatly influence bowel cleansing when other
complications from portal hypertension were present.

We analyzed 408 patients with cirrhosis in a subgroup
of patients excluding patients with obesity. We found that
patients with cirrhosis had a mean BBPS score 0.3 points
lower than for controls (7.4 ± 1.8 vs. 7.7 ± 1.7; P= 0.030,
Table 3, Fig. 4). Cecal intubation time was about 11%
slower for patients with cirrhosis (8.2 ± 5.5 min) compared
with controls (7.4 ± 5.0 min; P= 0.032) (Table 2, Fig. 5).
Mean polyp detection rate was about 24% lower for patients
with cirrhosis (2.0 ± 2.4 vs. 2.7 ± 5.2 polyps detected,
P= 0.015). Successful cecal intubation rates did not differ
(96.3% vs. 96.8% of controls, P= 0.71).

The mean MELD score for our obesity-excluded sub-
group was 10.9. For each increase in the MELD score by 1
point cecal intubation time increased by 2% (P< 0.001;
Table 3). BBPS score, successful cecal intubation rate, and
polyp detection rate changed little with each incremental
increase in MELD score (Table 3).

When examining the effects of portal hypertension
complications on our subgroup, we found that ascites sig-
nificantly decreased BBPS score by 0.51 points (P= 0.016)

and increased cecal intubation time by 18% (P= 0.03;
Table 4, Fig. 5). It did not have a significant effect on cecal
intubation or polyp detection. HE worsened the polyp
detection rate by 22% (P= 0.04) but did not significantly
affect BBPS, cecal intubation time or rate, or polyp detec-
tion. VH was not associated with worse bowel preparation
or endoscopy outcomes (Table 4, Fig. 5).

Again, using a random forest model, we found that for
our subgroup ascites had the greatest effect on BBPS score
and polyp detection rate (Fig. 6). HE had the greatest effect
on cecal intubation time. No portal hypertension compli-
cation was associated with a worse cecal intubation rate.

DISCUSSION
Adequate bowel preparation for screening colonoscopy

is accepted as one of the tenets of high-quality exams.
Screening is especially important for patients with cirrhosis,
as previous studies have found a higher rate of adenomatous
polyps in this population.20–24 We found that patients with
cirrhosis had significantly worse bowel preparation and
longer cecal intubation times without statistically significant
reductions in cecal intubation success rates or polyp detec-
tion rates in all patients; subgroup analysis of patients
without obesity did find a lower polyp detection rate.

Multiple studies and systematic reviews have found
an association between cirrhosis and poor bowel
preparation.8,10,12–16 There are competing etiologies for
this finding. One reason for poorer bowel preparation may
be altered intestinal fluid permeability, possibly due to salt

TABLE 2. Effect of cirrhosis on Boston Bowel Preparation Scale (BBPS) Score, Cecal Intubation Time, Cecal Intubation Success Rates, and
Polyp Detection Rates

Outcomes
Cirrhotic patients

(N= 732)
Noncirrhotic

patients (N= 732) P
Nonobese cirrhotic
patients (N= 408)

Nonobese noncirrhotic
patients (N= 408) P

BBPS score, mean (SD) 7.3 (1.8) 7.7 (1.6) < 0.001 7.4 (1.8) 7.7 (1.7) 0.029
Cecal intubation time,

mean min (SD)
8.2 (5.5) 7.5 (5.2) 0.01 8.2 (5.5) 7.4 (5.0) 0.029

Cecal intubation success
rate, no. (%)

699 (95.8) 706 (96.8) 0.27 393 (96.3) 394 (96.8) 0.71

Polyp detection rate,
mean polyps (SD)

2.3 (3.4) 2.4 (4.2) 0.99 2.0 (2.4) 2.7 (5.2) 0.015

BBPS indicates Boston Bowel Preparation Scale.

FIGURE 1. Bowel preparation, as measured by the Boston Bowel Preparation Scale score, was significantly worse for patients with
cirrhosis and any portal hypertensive complication in general, as well as with ascites and hepatic encephalopathy. Preparation trended
towards lower quality in patients with a history of variceal hemorrhage.
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and water imbalances that are more prevalent in patients
with cirrhosis.25 Additionally, intestinal dysmotility in
patients with cirrhosis may also contribute to poorer bowel
preparation. Past studies have found ascites to worsen
colonoscopy success rates, possibly through challenges
with creating and reducing loops.17 Tolerance of the bowel
preparation solution and ability to complete the prepara-
tion may also contribute; however, Salso et al in 2015
found no reduced tolerability or bowel preparation
adherence when comparing cirrhotic and normal
patients.14

A 2015 study from Salso et al compared 53 patients
with cirrhosis undergoing first-time screening colonoscopies
to 52 healthy sex and age-matched controls.14 Like our
results, they found a worse quality of bowel preparation and
longer time to cecal intubation but no significant decline in
polyp detection rate in patients with cirrhosis (though the
rate did trend lower for cirrhotic patients). Similarly, a 2016
study from Anam et al compared 210 patients with chronic
liver disease to 120 patients with cirrhosis, all undergoing
outpatient screening colonoscopies.15 Again, they found

significantly worse bowel preparation in patients with cir-
rhosis but no difference in polyp detection rate. Our study
differs from these 2 previous studies by finding a decreased
polyp detection rate in nonobese patients. Both of these
studies found no correlation between MELD score and
bowel preparation or polyp detection rate. We did find that
an increase in MELD score did significantly lengthen cecal
intubation time in patients both with and without obesity.
This longer time could be due to factors such as suboptimal
preparation or increased looping in an increasingly diseased
abdomen. Our study differs from previous studies by having
a larger sample size with subsequent higher power to find an
association between MELD score, bowel preparation, and
endoscopy measures. Physiologically it is plausible for more
severe cirrhosis to more greatly affect bowel preparation
through the mechanisms previously discussed (eg, impaired
intestinal motility, poorer fluid permeability, etc.). Other
studies have found significantly longer small bowel transit
times in patients with more severe cirrhosis and a trend
toward prolonged colonic transit time in decompensated
cirrhotic patients.26

FIGURE 2. Cecal intubation time was significantly elevated for patients with cirrhosis and patients with any portal hypertension com-
plication and each individual complication. Cecal intubation rate trended towards less success with cirrhosis and any portal hypertension
complication and each individual complication but was not significant. Polyp detection rates were significantly decreased for portal
hypertension complications as a whole and for patients with ascites and/or hepatic encephalopathy but were not significantly decreased
for patients with cirrhosis or patients with a history of variceal hemorrhage.

TABLE 3. Effect of Worsening Cirrhosis Severity as Measured by Rising Model of End-stage Liver Disease (MELD) Score on Boston Bowel
Preparation Scale (BBPS) Score, Cecal Intubation Time and Success Rates, and Polyp Detection Rates in Patients with Cirrhosis

All cirrhotic patients (N= 732) Nonobese cirrhotic patients (N= 408)

Outcomes
Single point increase in MELD score

(95% CI) P
Single point increase in MELD score

(95% CI) P

BBPS score, mean difference (95% CI) −0.02 (−0.04, 0) 0.063 −0.01 (−0.04, 0.02) 0.42
Cecal intubation time, rate ratio

(95% CI)
1.02 (1.01, 1.03) < 0.001 1.02 (1.01, 1.03) < 0.001

Cecal intubation success rate, rate ratio
(95% CI)

1 (1, 1) 0.297 0.999 (0.996, 1.004) 0.847

Polyp detection rate, rate ratio
(95% CI)

0.98 (0.97, 1) 0.064 0.999 (0.98, 1.02) 0.972

BBPS indicates Boston Bowel Preparation Scale; CI, confidence interval; MELD, Model of End-stage Liver Disease.
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We found that a history of portal hypertension com-
plications tended to worsen BBPS score and lengthen cecal
intubation time with HE as the complication most strongly
associated with worsened outcomes in all of our patients and

with ascites having a higher effect in nonobese patients. To
our knowledge, past studies have not analyzed the associa-
tion of portal hypertension and its various complications to
bowel preparation quality. To optimize bowel preparation

TABLE 4. Influence of Portal Hypertension Complications (including ascites, hepatic encephalopathy, and variceal hemorrhage) on
Boston Bowel Preparation Scale (BBPS) Score, Cecal Intubation Times and Success Rates, and Polyp Detection Rates in Patients with
Cirrhosis

All cirrhotic patients (N= 732) All noncirrhotic patients (N= 408)

Outcomes Estimate (95% CI) P Estimate (95% CI) P

Any portal hypertension
complication

BBPS score, mean difference −0.42 (−0.68, −0.15) 0.002 −0.38 (−0.74, −0.01) 0.045

Cecal intubation time, rate
ratio

1.19 (1.07, 1.31) 0.001 1.17 (1.02, 1.34) 0.028

Cecal intubation success rate –
rate ratio

0.97 (0.94, 1) 0.081 0.99 (0.95, 1.03) 0.638

Polyp detection rate, rate ratio 0.77 (0.63, 0.93) 0.008 0.85 (0.67, 1.07) 0.171
Ascites BBPS score, mean difference −0.32 (−0.62, −0.02) 0.034 −0.51 (−0.92-−0.1) 0.016

Cecal intubation time, rate
ratio

1.24 (1.11, 1.4) < 0.001 1.18 (1.01, 1.39) 0.037

Cecal intubation success rate,
rate ratio

0.96 (0.93, 1) 0.061 0.96 (0.92, 1.02) 0.167

Polyp detection rate, rate ratio 0.76 (0.61, 0.94) 0.014 0.78 (0.59, 1.04) 0.086
Hepatic Encephalopathy BBPS score, mean difference −0.34 (−0.62, −0.05) 0.019 −0.2 (−0.58, 0.18) 0.30

Cecal intubation time, rate
ratio

1.16 (1.05, 1.29) 0.005 1.15 (0.996, 1.34) 0.056

Cecal intubation success rate,
rate ratio

0.98 (0.95, 1.01) 0.246 0.999 (0.96, 1.04) 0.969

Polyp detection rate, rate ratio 0.74 (0.60, 0.90) 0.003 0.78 (0.61, 0.99) 0.04
Variceal hemorrhage BBPS score, mean difference −0.32 (−0.88, 0.25) 0.270 −0.33 (−1.06, 0.41) 0.385

Cecal intubation time, rate
ratio

1.23 (1.01, 1.51) 0.043 1.08 (0.81, 1.43) 0.601

Cecal intubation success rate,
rate ratio

0.96 (0.88, 1.04) 0.312 0.96 (0.87, 1.07) 0.494

Polyp detection rate – rate
ratio

0.71 (0.48, 1.04) 0.079 0.73 (0.47, 1.14) 0.173

BBPS indicates Boston Bowel Preparation Scale; CI, confidence interval.

FIGURE 3. Random forest model indicating the importance of each portal hypertension complication on various bowel cleansing quality
parameters adjusted for age, gender, race, and ethnicity. A higher increase in mean SE (MSE) indicates a higher degree of importance on
affecting bowel cleansing. Hepatic encephalopathy had the largest effect on BBPS and cecal intubation time. Ascites had the highest
effect on polyp detection rate and cecal intubation rate.
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and efficient and effective screening, clinicians should rec-
ommend aggressive bowel preparations for patients with
portal hypertension.

Our subgroup analysis suggests that nonobese patients
with cirrhosis have significantly decreased polyp detection.
Poor polyp visualization could be a direct result of the
suboptimal bowel preparations that other studies and ours
found patients with cirrhosis to have. When comparing both
obese and nonobese patients, we found no difference in
polyp detection. This disparity can be explained by consid-
ering the number of polyps patients may have. Other
studies27–30 have suggested that polyps are found with
higher frequency in patients with obesity. Perhaps a differ-
ence in polyp detection rates was only seen in nonobese
patients because these patients had fewer, if any, polyps to
be discovered so even a slight difference in bowel prepara-
tion quality would have a larger effect.

Our study has some limitations. Our study was a single-
center, retrospective study that may not be generalizable to
larger populations and is vulnerable to confounders,

including variable bowel preparation formulations and dif-
ferent endoscopists with varying adenoma detection rates
and subjective BBPS scoring rates. However, our protocol
bowel preparation did not differ between cases and controls,
and most subjects in both arms likely received the same
bowel preparation. While we did exclude patients with a
history of opioid use and dependence and a history of
constipation, we did not control for patients with motility-
affecting conditions such as diabetes mellitus or cystic fib-
rosis, or patients taking motility-affecting medications such
as beta-blockers, lactulose, or drugs with anti-cholinergic
effects such as tricyclic antidepressants as this dramatically
limited patients that could be included in our study. We also
did not control for patients with potentially untreated or
undertreated hepatic encephalopathy as data were not
available regarding whether patients with hepatic ence-
phalopathy were adequately treated; therefore, our data can
only show that patients with cirrhosis with hepatic ence-
phalopathy, whether treated adequately or not, had worse
bowel preparations. Another limitation is our analysis of

FIGURE 4. Boston Bowel Preparation Scale scores were significantly worsened for nonobese patients with cirrhosis as well as nonobese
patients with portal hypertension complications in general and ascites.

FIGURE 5. Cecal intubation time was significantly longer for nonobese patients with cirrhosis and for nonobese patients with portal
hypertension complications in general and ascites. Nonobese patients with cirrhosis and nonobese patients with hepatic encephalopathy
had worse polyp detection rates.
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bowel preparation quality by comparing the BBPS score as
a whole instead of evaluating individual segments. Previous
studies have suggested including adequate BBPS segment
scores as criteria for adequate bowel preparation.31,32 In
addition, we did not collect data regarding in which colonic
segments endoscopists aborted the colonoscopy which could
affect the reported BBPS score. Future studies could com-
pare bowel preparation both on the segmental level and the
global level. Finally, patient factors such as waist circum-
ference or waist-to-height ratio were not available for
patients in this retrospective study, which may influence
cecal intubation times and rates.33

CONCLUSIONS
We found that patients with cirrhosis have significantly

worse bowel preparation and longer cecal intubation times
than matched patients without cirrhosis. Nonobese patients
with cirrhosis also had lower polyp detection. In addition,
cecal intubation time worsened with a rising MELD score.
A history of portal hypertension complications was asso-
ciated with a longer cecal intubation time. These findings
amplify the importance of strict compliance with standard
bowel preparations and consideration of more aggressive
bowel preparation strategies for patients with cirrhosis,
especially for patients with severe disease or portal hyper-
tension complications.
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