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ABSTRACT

Background and study aims Patients with cirrhosis de-
monstrate alterations in physiology, hemodynamics, and
immunity which may increase procedural risk. There exist
sparse data regarding the safety of performing ambulatory
colonoscopy in patients with cirrhosis.

Patients and methods From a population-based sample
of three North American states (California, Florida, and
New York), we collected data on 3,590 patients with cirrho-
sis who underwent ambulatory colonoscopy from 2009 to
2014.We created a control cohort propensity score-mat-
ched for cirrhotic severity who did not undergo colonosco-
py (N=3,590) in order to calculate the attributable risk for
adverse events. The primary endpoint was the rate of un-
planned hospital encounters (UHEs) within 14 days of colo-
noscopy (or from a synthetic index date for the control co-
hort). Predictors for UHE were assessed in multivariable re-
gression.

Results The attributable risk for any UHE following colo-
noscopy was 3.1% (confidence interval [CI] 2.1-4.1%, P<
0.001). There was increased risk for infection (0.9%, Cl
0.7-1.1%), spontaneous bacterial peritonitis (0.1%, Cl
0.0-0.3%), decompensation of ascites (0.3%, Cl 0.2-
0.4%), and cardiovascular event (0.4 %, Cl 0.3-0.5%). There
was no increased attributable risk for gastrointestinal
bleeding, perforation, or development of the hepatorenal
syndrome. The presence of ascites at time of procedure
was the only predictor for UHE in the fully-adjusted model
(OR 2.6, CI 1.9-3.5, P<0.001).

Conclusions There is a moderate though detectable in-
crease in risk for adverse event following ambulatory colo-
noscopy in patients with cirrhosis. The presence of ascites
in particular portends higher risk. These data may guide
clinicians when counseling patients with cirrhosis on the
choice of colorectal cancer screening modality.

Introduction

It is estimated that over 600,000 people live with cirrhosis in
North America, with potentially many more patients going un-
diagnosed [1]. With recent treatments against viral hepatitides,
earlier recognition of cirrhosis, and better access to liver trans-

plantation, life expectancy for patients with cirrhosis has im-
proved [1,2]. An increasing number of patients with cirrhosis
may benefit from health maintenance interventions, including
colorectal cancer screening [3,4]. Higher rates of colorectal
neoplasia have been described among patients awaiting liver
transplant compared to screening controls [5,6], further em-
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phasizing the importance of appropriate colorectal cancer
screening in this group.In the United States, colonoscopy is
the most common test performed for colorectal cancer screen-
ing [7].

Cirrhosis leads to alterations in physiology, hemodynamics
[8, 9], immunity [10, 11], and coagulation [12, 13] which may
make colonoscopy both more technically challenging and po-
tentially with greater risk for adverse event. While there has
been extensive literature regarding the increased surgical risk
faced by patients with cirrhosis[14-18], there exist very limited
data regarding risk of colonoscopy in cirrhosis. Two retrospec-
tive, single-center studies from South Korea analyzing risk for
post-polypectomy bleeding found no increased risk among pa-
tients with early cirrhosis [19], but an increased risk among pa-
tients with more advanced cirrhosis (Child-Pugh class B or C)
[20]. A single-center American study analyzing bleeding also
found more advanced cirrhotic features (ascites and the pres-
ence of esophageal varices) to predict post-polypectomy
bleeding, but with overall low rates of major complication or
hospitalization [21]. While there have been case reports of the
development of peritonitis following colonoscopy among pa-
tients with cirrhosis [22-24], systematic data regarding the
risk for infectious complications are lacking. There exist only
limited data regarding the potential for colonoscopy, and its
associated sedation, to incite liver decompensating events
such as spontaneous bacterial peritonitis and the hepatorenal
syndrome.

In this population-based study incorporating data from
three large American states, we compared the rates of adverse
events (AEs) following ambulatory colonoscopy in patients with
cirrhosis against a propensity-score matched cirrhotic control
cohort, and analyzed risk factors for adverse events.

Patients and methods
Data sources

This study was designed as a retrospective cohort study using
the state ambulatory surgery, inpatient, and emergency de-
partment databases of the U.S.Healthcare Cost and Utilization
Project (HCUP) [21]. These databases are compiled from legal-
ly-mandated encounter records provided by each licensed facil-
ity to state health departments. The states of California (CA),
Florida (FL), and New York (NY) are the three largest states
that provide longitudinal patient identifiers by which to track
subsequent emergency department and hospital encounters.
The years 2009 to 2011 for CA, 2012 to 2014 for FL, and 2011
to 2013 for NY were chosen as these were the three most recent
years of available data at the time of this study. These three
states assign encrypted, individual-level identifiers which re-
main constant between the three data sets (ambulatory sur-
gery, inpatient, and emergency department) allowing for link-
age of patients with subsequent inpatient/emergency depart-
ment visits following ambulatory procedures.
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Patients with cirrhosis from California, Florida, and

New York (2009 - 2014) between ages 18 and 85
N =50,414

Patients undergoing
ambulatory colonoscopy

Those not undergoing
colonoscopy during study

during study years years
N =3,590 N = 46,824
Colonoscopy cohort Propensity matched

N = 3,590
T, = day of colonoscopy

control, N = 3,590
T, = synthetic index date

> Fig.1 Flow diagram of cohort selection and assignment of index
date for ascertainment of adverse events.

Cirrhosis cohort

All patients from the HCUP ambulatory surgery databases from
the states of CA, FL, and NY with an ICD-9-CM (International
Classification of Diseases, Ninth Revision, Clinical Modification)
for cirrhosis (571.2, 571.5) were identified from the study
years. Of these patients, those younger than 18 or older than
85 years of age were excluded, leaving 50,414 subjects for anal-
ysis. From these subjects, those who underwent ambulatory
colonoscopy during the study period without concomitant up-
per endoscopy were identified as the colonoscopy cohort (N=
3,590). From the 46,824 subjects with cirrhosis who did not un-
dergo colonoscopy during the study period, a propensity score
(PS) was derived using patient-level factors of age, gender, and
presence of cirrhotic sequelae. A PS-matched cohort of 3,590
patients was then created by matching each subject in the co-
lonoscopy cohort with a PS-matched control (with caliper
width of 0.0003, PROC SQL). For the PS-matched controls, a
synthetic index date chosen at random from the study period
was used as the starting time point (T,) by which to ascertain
development of AEs. A flow diagram demonstrating study de-
sign is depicted in » Fig. 1.

Patient demographic variables of age, gender, ethnicity/race
(defined as white, black, Hispanic [of any race], or other), and
primary insurance provider (Medicare, Medicaid, commercial,
or uninsured) were recorded. Cirrhosis severity was assessed
by identifying the presence of sequelae based upon ICD-9-CM
coding (Supplementary Table1), consisting of a history of
esophageal varices, ascites, a history of spontaneous bacterial
peritonitis, a history of the hepatorenal syndrome, and total
number of cirrhotic sequelae. From the colonoscopy cohort,
the performance of biopsy, snare polypectomy, and the indica-
tion (diagnostic vs screening/surveillance) were identified
based on current procedural terminology codes (Supplemen-
tary Table 2).
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Outcome measures

The main outcome measure was the rate of unplanned hospital
encounters (UHEs) within 14 days following colonoscopy or
synthetic index date. UHEs included both unplanned admis-
sions as well as emergency department encounters. Unplanned
admissions excluded admissions that were coded as scheduled
or elective, or whose primary indication was for labor and deliv-
ery, maintenance radiation or chemotherapy, or rehabilitation
services (Supplementary Table3) [25]. For the PS-matched
control cohort, a randomly-chosen synthetic index date within
the study years was assigned to serve as a reference point for
the capture of UHEs. Secondary endpoints of the study includ-
ed UHEs with a principal diagnosis of one of the following
events: gastrointestinal bleeding, perforation, infection, cardi-
ovascular event, development of spontaneous bacterial perito-
nitis, and development of the hepatorenal syndrome. These
were recorded based upon ICD-9-CM coding (Supplementary
Table4). An additional secondary endpoint was in-hospital
mortality within 14 days of colonoscopy or synthetic index
date.

Statistical Analysis

The mean and standard deviation (SD), or the number and per-
centage of each demographic, clinical, and procedural charac-
teristic were calculated for each cohort. Differences in baseline
characteristics were calculated with either Student’s t-test for
continuous variables, or the chi-squared test for categorical
variables. The number and percentage of UHEs in aggregate,
UHEs with specific AEs, and in-hospital deaths were recorded.
The attributable risk of colonoscopy was calculated as the dif-
ference in rates of UHE between the colonoscopy and control
cohorts [26] To understand risk factors for UHE within the colo-
noscopy cohort, cirrhotic sequelae were analyzed as predictors
in logistic regression using both minimally-adjusted (adjusting
for age, gender, and insurance status) and fully-adjusted (with
the addition of all cirrhotic sequelae) models. All models esti-
mated the odds ratio (OR) and 95% confidence intervals (Cl),
with two-sided P <0.05 considered as statistically significant.
Adjustments for multiple comparisons was performed using
Bonferroni’s method. To assess the robustness of the regres-
sion model, a priori stratified analysis by age (250, or<50 years
of age), sex (male or female), and indication (screening or diag-
nostic) was performed. Additionally, to account for the poten-
tial explanatory effects of facility status (ambulatory surgery
centers vs hospital outpatient departments), state of residence
(California, New York, or Florida), and patient comorbidity on
risk for UHE, these variables were included in the multivariable
regression model. To evaluate patient comorbidity, we utilized
a point classification system of the Elixhauser comorbidity in-
dex [27], and stratified patients based on quartile of comorbid-
ity. All analyses were conducted using SAS 9.4 (SAS Institute
Inc., Cary, North Carolina, United States).
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Results
Cirrhosis cohort profile

The demographic and clinical characteristics of the colonosco-
py cohort and the PS-matched cohort are depicted in » Table 1.
Both the colonoscopy and PS-matched cohort contained a
higher frequency of males, consistent with the epidemiology
of chronic liver disease. Both cohorts were well-balanced with
regards to age, gender, and insurance status. The colonoscopy
cohort demonstrated a lower frequency of non-Hispanic whites
compared to the PS-matched cohort. The two cohorts were
well-balanced with regards to measures of cirrhosis severity, in-
cluding history of esophageal varices (P=0.2), presence of as-
cites (P=0.4), history of hepatorenal syndrome (P=0.2), and
the number of cirrhotic sequelae (P=0.9).

Attributable risk of adverse events

The frequencies of UHE, UHEs with specific AEs, and in-hospital
death for each cohort are shown in » Table2. There was an in-
creased attributable risk for UHE in the colonoscopy compared
to control cohort (attributable risk 3.1%, confidence interval
[Cl] 2.1-4.1%). With regards to specific AEs, there was in-
creased attributable risk for infection (0.9%, Cl 0.7-1.1%),
spontaneous bacterial peritonitis (0.1%, Cl 0.0-0.3%), decom-
pensation of ascites (0.3%, Cl 0.2-0.4%), abdominal pain
(1.5%, CI 0.8-1.5%), and cardiovascular event (0.4%, Cl 0.3-
0.5%). There was no increased attributable risk for gastrointes-
tinal bleeding, perforation, or development of the hepatorenal
syndrome. There was also no increased risk for in-hospital
death following colonoscopy (0.3% vs 0.2 %, P=0.3).

Risk factors for adverse events

Clinical predictors for UHE following colonoscopy were ana-
lyzed in logistic regression (»Table 3). In a minimally adjusted
model (adjusted only for age, gender, and insurance status),
the presence of ascites (OR 2.7, Cl 2.0 to 3.6), a history of spon-
taneous bacterial peritonitis (OR 2.6, Cl 1.1 to 6.4) and a history
of the hepatorenal syndrome (OR 5.1, Cl 1.6 to 16.2) were asso-
ciated with risk for UHE. Moreover, increasing number of cirrho-
tic sequelae demonstrated significant association with risk for
UHE (P<0.001). However, in the fully-adjusted model (which in-
corporated all cirrhotic sequelae in addition to age, gender, and
insurance status), only the presence of ascites remained a sig-
nificant predictor (OR 2.6, Cl 1.9 to 3.5, P<0.001) for UHE. The
overall medical comorbidity (as assessed by Elixhauser Comor-
bidity) was not predictive of UHE in either minimally- or fully-
adjusted model. The state of performance (California, New
York, Florida) was not predictive of UHE in either model. Colo-
noscopy performance in an ambulatory surgery center (as com-
pared to a hospital outpatient department) was not associated
with a higher risk for UHE.

When stratified by age (250, or <50 years of age, Supple-
mentary Table5), sex (male or female, Supplementary Table
6), and indication (screening or diagnostic, Supplementary
Table7), the presence of ascites remained the only significant
predictor for UHE following colonoscopy. Similarly, when strati-
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> Table 1 Baseline characteristics of colonoscopy and propensity score-matched control cohorts with regards to demographic and cirrhotic charac-

teristics.

Covariate Cohort, Mean (SD) or Frequency (%) P value
Colonoscopy cohort (N=3590) Propensity score-matched cohort (N=3590)

Demographic Characteristic

= Age 59.1(9.2) 58.5(10.3) 0.6

= Female 1,407 (39.3%) 1,410 (39.6%) 0.8

Ethnicity/Race <0.001

= Non-Hispanic White 2,147 (61.9%) 2,237 (64.7 %)

= Non-Hispanic Black 216 (6.2%) 97 (2.8%)

= Hispanic (any race) 810(23.3%) 529 (15.3%)

= Asian/PI 115(3.3%) 537 (15.5%)

= Other 183(5.3%) 59 (1.7%)

Primary Insurance 0.6

= Medicare 1,400(39.2%) 1,442 (40.2%)

= Medicaid 819(22.9%) 822(22.9%)

= Commercial 1,093 (30.6 %) 1,060 (29.5%)

= Uninsured or other 263 (7.6%) 266 (7.4%)

Cirrhosis severity

History of esophageal varices 255(7.1%) 285(7.9%) 0.2

Ascites 646 (18.0%) 675(18.8%) 0.4

History of the hepatorenal syndrome 15(0.4%) 23(0.6%) 0.2

Number of sequelae 0.9

= 0 2,763 (77.0%) 2,750 (76.6%)

=1 677 (18.9%) 690 (19.2 %)

= 2ormore 150 (4.2%)

fied by comorbidity (Supplementary Table 8) and state (Sup-
plementary Table9), ascites remained the only predictor for
UHE. Procedural characteristics were analyzed as risk factors
for UHE (Supplementary Table 10). Neither the performance
of biopsy nor snare polypectomy predicted UHE in either mini-
mally- or fully-adjusted models. Secondary analysis was per-
formed restricted to UHEs with a principal diagnosis of gastro-
intestinal bleeding. Neither biopsy nor snare polypectomy pre-
dicted risk for UHE with gastrointestinal bleeding.

Discussion

In this population-level cohort study, we found a significantly
increased risk for unplanned hospitalizations and emergency
department encounters among patients with cirrhosis under-
going ambulatory colonoscopy compared to matched controls.
This risk was most pronounced among patients with ascites at
time of colonoscopy. However, there was no increased risk of in-
hospital death following colonoscopy in patients with cirrhosis.

E1498
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There has been extensive literature published on the in-
creased surgical risk faced by patients with chronic liver disease
[14-18], and scoring systems such as the Child-Pugh score have
been developed to specifically estimate perioperative mortality
[28-29]. While colonoscopy is performed more than 15 million
times annually in the United States [30], there are surprisingly
few data regarding endoscopic safety in patients with chronic
liver disease. We believe our study is one of the first to offer
population-level estimates of endoscopic risk in patients with
cirrhosis. Our study suggests that the increased risk for UHE fol-
lowing ambulatory colonoscopy are a result of increased risk for
infection (including bacterial peritonitis), cardiovascular
events, and decompensated ascites. Immunologic, physiologic,
and hemodynamic changes from cirrhosis may all be contribu-
tory to these findings.

Multiple components of the systemic immune system are
impaired in cirrhosis, including dysregulation of circulating cy-
tokines, decrease in phagocytic activity, and a reduction in se-
rum albumin [10,31,32]. Moreover, hemodynamic changes
such as increased portal pressure gradients and the presence
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» Table2 Number and frequency of adverse events following ambulatory colonoscopy or synthetic index date (propensity score-matched cohort).

Event Cohort, no.of events (%) Attributable risk (Cl) P value

Colonoscopy cohort Propensity score-matched

(N=3590) cohort (N=3590)
UHE (any cause) 236 (6.6 %) 124 (3.5%) 3.1%(2.1t04.1%) <0.001
Gastrointestinal bleeding 64 (1.8%) 82(2.3%) -0.5%(-1.1t00.2%) 0.13
Perforation No events No events - -
Infection 50(1.4%) 19(0.5%) 0.9% (0.7-1.1%) <0.001
Spontaneous bacterial peritonitis 5(0.14%) No events 0.1%(0.0t0 0.3%) 0.03
Hepatorenal syndrome 3(0.08%) 2(0.06%) 0.0% (0.0 to 0.1 %) 0.7
Decompensated ascites 12(0.3%) No events 0.3%(0.2-0.4%) <0.001
Abdominal pain 70(2.0%) 18(0.5%) 1.5%(0.8-1.5%) <0.001
Cardiovascular event 15(0.4 %) No events 0.4% (0.2 t0 0.6 %) <0.001
UHE from all other causes 17 (0.5%) 3(0.008 %) 0.4% (0.3-0.5%) <0.001
In-hospital death 12(0.3%) 7 (0.2 %) 0.1%(-0.1t0 0.2%) 0.3

UHE, unplanned hospital encounter.
Attributable risk defined as difference in rates of UHE (unplanned hospital encounter) between the colonoscopy and control cohort.

» Table3 Logistic regression of unplanned hospital encounter following ambulatory colonoscopy (N=3590).

Covariate Minimally adjusted’ Fully adjusted?

OR (95% Cl) P value OR (95% Cl) P value
History of esophageal varices 1.14(0.70 to 1.87) 0.6 0.87 (0.51 to 1.40) 0.6
Ascites 2.69 (2.03 t0 3.58) <0.001 2.56 (1.90 to 3.46) <0.001
History of spontaneous bacterial peritonitis 2.62(1.07t06.41) 0.04 1.29(0.51 to0 3.27) 0.6
History of the hepatorenal syndrome 5.07 (1.59t0 16.21) 0.006 2.58(0.78 to 8.48) 0.12
Number of cirrhotic sequelae
= 0 1.0 Ref. 1.0 Ref.
. 1 2.19(1.62 t0 2.94) <0.001 0.97 (0.30t0 3.16) 0.9
= 2 o0rmore 2.75(1.66 to 4.54) <0.001 0.81(0.09to 7.39) 0.8
Elixhauser comorbidity score
= Lowest quartile 1.0 Ref. 1.0 Ref.
« Second 0.87 (0.59 to 1.29) 0.5 0.83 (0.56 to 1.24) 0.4
« Third 1.03 (0.65 to 1.63) 0.9 0.96 (0.60 to 1.54) 0.9
« Highest 0.87 (0.57 to 1.36) 0.5 0.84 (0.53 to 1.33) 0.4
State
= California (2009-2011) 1.0 Ref. 1.0 Ref.
« New York (2011-2013) 0.78 (0.56 to 1.09) 0.2 0.77 (0.54 to 1.08) 0.1
« Florida (2012-2014) 1.21(0.89 to 1.65) 0.2 1.18(0.85to 1.64) 0.3
Facility status
= Hospital outpatient department 1.0 Ref. 1.0 Ref.
= Ambulatory surgery center 0.72(0.40to 1.31) 0.3 0.60(0.31t0 1.12) 0.1

EV, esophageal varices; SBP, spontaneous bacterial peritonitis; HRS, the hepatorenal syndrome.

1 Adjusted for age, sex, and payer.

2 Adjusted for age, sex, payer, presence of ascites, history of SBP, history of HRS, and number of sequelae.
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of an aqueous medium (ascites) may also facilitate bacterial
translocation and colonization [32,34]. While there have been
case reports describing peritonitis following colonoscopy [22-
24], the rarity of this outcome has made its incidence difficult
to study. In this population-level study, we noted five cases of
peritonitis within 14 days of colonoscopy. While this incidence
is still relatively low (0.8 % of patients with ascites), it was signif-
icantly higher than among the control cohort (where no epi-
sodes occurred). There currently is no recommendation regard-
ing the use of prophylactic antibiotics in patients with cirrhosis
undergoing elective colonoscopy, though the American Society
of Gastrointestinal Endoscopy does recommend prophylaxis in
patients undergoing peritoneal dialysis [35].

With regard to cardiovascular events, the physiologic chang-
es of cirrhosis may alter the clearance of commonly-used anes-
thetic agents such as benzodiazepines and opiates [36]. Elec-
trolyte derangements and fluid shifts may make patients with
cirrhosis more susceptible to arrhythmias and other cardiac
events [37]. Moreover, even at baseline patients with cirrhosis
have elevated rates of coronary artery disease [38]. However,
we observed that baseline general medical comorbidity (as as-
sessed by the Elixhauser index) was not associated with in-
creased risk for post-procedural event. Notably, comorbidity in-
dices (such as Elixhauser and the Charlson Index) include cir-
rhosis as only a single element among many [39], and degree
of cirrhotic severity is not assessed. The results of our study em-
phasize the need for scoring systems specific to patients with
liver disease to establish risk for post-procedural adverse
events.

Of the cirrhotic features analyzed, the presence of ascites
emerged as the only significant risk factor for adverse events
in multivariable analysis. This finding may partially be explained
by increased risk for infections including spontaneous bacterial
peritonitis. Moreover, the use of diuretics in patients with as-
cites, frequency of electrolyte disturbances such as hyponatre-
mia [40], and fluid shifts due to fasting or administration of
bowel preparation [41] for colonoscopy may all increase risk
for cardiovascular events or ascites decompensation in the
peri-operative period. Clinicians must be cognizant of this in-
creased risk for decompensation, and exercise caution when re-
ferring patients with cirrhosis with ascites for colonoscopy.

Our study has numerous strengths, including the use of a
large, population-level cohort with detailed linkage allowing in-
dividuals to be followed across multiple facilities and limiting
loss to follow-up.There was very little missing information,
and granular clinical and procedural covariates could be cap-
tured on all individuals. This study used a PS-matched cohort
to control for the known increased background risk of hospital-
ization among patients with cirrhosis [42,43]. The matched co-
horts were well-balanced with regards to cirrhosis-related se-
quelae such as the presence of esophageal varices, ascites, and
history of decompensating events. Limitations of this study in-
clude the possibility of confounding by indication. The use of a
PS-matched cohort was an attempt to mitigate this; however,
unmeasured confounding may remain as clinicians may refer
only healthier patients for colonoscopic evaluation. If so, this
effect may actually bias toward the null, and the risk estimates
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presented in this study may even be underestimated. Labora-
tory data are not captured in these data sets; therefore, com-
monly used measures of cirrhotic severity such as the Model
for End Stage Liver Disease or Child-Pugh scoring could not be
used. Moreover, pharmacy and pathology data are not captured
in this study and potential effect modifiers of the association
between procedure and outcomes (e.g. aspirin or anticoagu-
lant use) would be missed. Misclassification of outcome is pos-
sible, as patients who live close to a state border and who are
admitted to a hospital in a neighboring state would not be in-
cluded for analysis. Only inpatient deaths were captured by
the data sets, therefore differences in out-of-hospital mortality
could not be assessed between cohorts. Colonoscopies with
biopsy or polypectomy may have been performed for screening
or surveillance, which cannot be determined based on the pro-
cedure codes, but indication was not a significant predictor of
outcomes. The data from different states were reported from
different years, and there may be secular effects (e.g. improv-
ing colonoscopy technology) over the analytic period.

Conclusion

As diagnosis and management of chronic liver disease contin-
ues to improve over the coming years, the number of people
living with cirrhosis will only grow. As patients with cirrhosis
may be at increased risk for colonic neoplasia [44], physicians
and patients must hold informed discussion regarding the rela-
tive merits and risks of various colorectal cancer screening
modalities. The results of this study will aid clinicians in better
understanding the risks and benefits of performing colonosco-
py-based evaluation in this group.
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