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BACKGROUND & AIMS: We aimed to quantify the difference
in complications from colonoscopy with vs without anes-
thesia services. METHODS: We conducted a prospective
cohort study and analyzed administrative claims data from
Truven Health Analytics MarketScan Research Databases from
2008 through 2011. We identified 3,168,228 colonoscopy
procedures in men and women, aged 40–64 years old. Colo-
noscopy complications were measured within 30 days,
including colonic (ie, perforation, hemorrhage, abdominal
pain), anesthesia-associated (ie, pneumonia, infection, com-
plications secondary to anesthesia), and cardiopulmonary
outcomes (ie, hypotension, myocardial infarction, stroke),
adjusted for age, sex, polypectomy status, Charlson comor-
bidity score, region, and calendar year. RESULTS: Nationwide,
34.4% of colonoscopies were conducted with anesthesia
services. Rates of use varied significantly by region (53% in
the Northeast vs 8% in the West; P < .0001). Use of anes-
thesia service was associated with a 13% increase in the risk
of any complication within 30 days (95% confidence interval
[CI], 1.12–1.14), and was associated specifically with an
increased risk of perforation (odds ratio [OR], 1.07; 95% CI,
1.00–1.15), hemorrhage (OR, 1.28; 95% CI, 1.27–1.30),
abdominal pain (OR, 1.07; 95% CI, 1.05–1.08), complications
secondary to anesthesia (OR, 1.15; 95% CI, 1.05–1.28), and
stroke (OR, 1.04; 95% CI, 1.00–1.08). For most outcomes,
there were no differences in risk with anesthesia services
by polypectomy status. However, the risk of perforation
associated with anesthesia services was increased only in
patients with a polypectomy (OR, 1.26; 95% CI, 1.09–1.52).
In the Northeast, use of anesthesia services was associated
with a 12% increase in risk of any complication; among
colonoscopies performed in the West, use of anesthesia
services was associated with a 60% increase in risk.
CONCLUSIONS: The overall risk of complications after colo-
noscopy increases when individuals receive anesthesia ser-
vices. The widespread adoption of anesthesia services with
colonoscopy should be considered within the context of all
potential risks.
Keywords: Anesthesia Services; Endoscopy; Propofol;
Gastroenterology.
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olonoscopy is the most common colorectal cancer
Cscreening test in the United States among average-
risk adults.1 Nearly all colonoscopies conducted in the
United States are performed with medication to reduce
discomfort and improve the performance of the test, usually
a combination of benzodiazepine and a narcotic (ie, stan-
dard sedation) to provide moderate sedation.2 In the past
10 years, the use of propofol for endoscopy sedation has
increased.3 Propofol is preferred in some settings because
sedation occurs rapidly and patients experience a shorter
recovery time than standard sedation. The involvement of
anesthesia services for colonoscopy sedation, mainly to
administer propofol, has increased accordingly, from 11.0%
of colonoscopies in 2001 to 23.4% in 2006,4 with pro-
jections of more than 50% in 2015.5

Whether the use of propofol is associated with higher
rates of short-term complications compared with standard
sedation is not well understood. A recent Cochrane review
found no evidence of differences in health outcomes after
colonoscopy with administration of propofol compared with
standard sedation.6 However, many of the studies included
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in the review had relatively small sample sizes that would
not have been able to detect rare outcomes, such as colonic
perforation or cardiac outcomes. There are plausible rea-
sons as to why deep sedation with anesthesia during a
colonoscopy could increase patients’ risks of adverse out-
comes, such as aspiration when a sedated patient cannot
protect their airway, or perforation when patients are not
able to provide feedback to the endoscopist regarding
excessive pressure.7 In studies conducted with claims-based
data, the ascertainment of propofol is made by the identi-
fication of receipt of anesthesia services with a colonoscopy.
In a previous study among Surveillance, Epidemiology, and
End Results (SEER) Program–Medicare patients undergoing
a colonoscopy from 2000 to 2009, Cooper et al8 determined
that overall complications rates, specifically aspiration
pneumonia, were more common among colonoscopies with
anesthesia services (0.22%) compared with procedures
without anesthesia services (0.16%).

The purpose of our analysis was to compare the risks
of colonic, anesthesia-associated, and cardiopulmonary
complications between colonoscopies performed with anes-
thesia services compared with colonoscopies performed
without anesthesia services among adults aged 40–64 years.
Materials and Methods
Study Design and Population

We conducted an observational cohort study using the
Commercial Claims and Encounters Database available from
Truven Health Analytics MarketScan Research Databases
(Ann Arbor, MI) to identify a cohort of men and women aged
40–64 years who had undergone an outpatient colonoscopy
between January 1, 2008, and December 31, 2011. These data
included health insurance claims across the continuum of care
(eg, inpatient, outpatient, outpatient pharmacy) and insurance
enrollment data from employer-based health plans across the
United States, which provided coverage for millions of em-
ployees, their spouses, and their dependents. This administra-
tive claims database includes a variety of fee-for-service,
preferred provider organizations, and capitated health plans.
This study was considered exempt from Institutional Review
Board review because we accessed de-identified publicly
available data in the analysis.
Colonoscopy Identification
Colonoscopy procedures were identified using Current Pro-

cedural Terminology (CPT) codes (45378-45386 and 45391-
45392), International Classification of Diseases, 9th revision,
Clinical Modification (ICD-9-CM) codes (45.23 and 48.36), and
Healthcare Common Procedure Coding System codes (G0105
and G0121). We restricted the cohort to patients with at least 1
year of health insurance enrollment before the colonoscopy to
enable observation of comorbid conditions. We excluded cohort
members with prevalent disease conditions that are associated
with an increased risk for colorectal cancer, including Crohn’s
disease (ICD-9-CM code, 555), ulcerative colitis (ICD-9-CM code,
556), or inflammatory bowel disease (ICD-9-CM code, 558.9),
and members with a prior diagnosis of colorectal cancer
(ICD-9-CM codes, 153–154) within 1 year of the colonoscopy.
When cohort members had more than one colonoscopy during
the study period, we selected the first colonoscopy.

Ascertainment of Anesthesia Use
We assumed that colonoscopy was performed with propo-

fol if anesthesia services were billed in conjunction with a
colonoscopy conducted on the same day (CPT code, 00810; or
Healthcare Common Procedure Coding System, J3490). We
assumed that all other colonoscopies were performed with
standard sedation in the absence of a billing code for anesthesia
services.8,9

Patient Covariates
Observed patient covariates included sex and age at time of

colonoscopy, and comorbidities based on the Charlson comor-
bidity index.10 The Charlson comorbidity index was calculated
using inpatient diagnoses recorded during the year before the
colonoscopy. For each colonoscopy, we determined whether
there was polypectomy (yes/no) based on billing codes indi-
cating tissue removal (biopsy: CPT code, 45380; polypectomy:
CPT codes, 45383, 45384, and 45385; and ICD-9-CM codes,
45.43 and 48.36). We also used billing codes to ascertain the
provider and practice type (gastroenterology vs other). Other
provider and practice types included surgeons, ambulatory
centers, and physicians not otherwise specified. We also iden-
tified the geographic region where the examination was per-
formed based on a 3-digit zip code (ie, Northeast, Southeast,
Midwest, Southwest, West, and unknown).

Outcome Measures
ICD-9-CM codes indicating colonoscopy complications were

derived from prior research that collated inpatient and outpa-
tient events associated with verified colonoscopy complications
within 30 days after the date of the colonoscopy.11,12 Our pri-
mary outcomes of interest included the following: (1) colonic
events: perforation (ICD-9-CM code, 569.83); hemorrhage (ICD-
9-CM codes, 578 and 578.1); abdominal pain (ICD-9-CM codes,
789.0–789.09); (2) sedation-associated events: pneumonia
(ICD-9-CM codes, 507 and 507.8), infection (ICD-9-CM codes,
780.6, 790.7, 424.9–424.99, and 789.0–789.09), and complica-
tions secondary to anesthesia (ICD-9-CM codes, 995.4, 997.1,
and 997.3); and (3) cardiopulmonary events: hypotension (ICD-
9-CM codes, 458, 458.0, 458.2, 458.8, and 458.9); myocardial
infarction (ICD-9-CM codes, 410–410.9); and stroke and other
central nervous system events (ICD-9-CM codes, 430, 431, 432,
432.0, 432.1, 432.9, 434.01, 434.9, and 436).

Statistical Analysis
We describe the characteristics of individuals who received

a colonoscopy with and without anesthesia services using
means and proportions, as appropriate. We used ArcGIS (Esri,
Redlands, CA) to produce US maps indicating the prevalence of
use of anesthesia services with a colonoscopy comparing
2008–2009 vs 2010–2011.

In our primary analysis, we used multivariable logistic
regression to estimate the association between the use of
anesthesia services and any adverse outcome, described earlier,
within 30 days of the colonoscopy claim. In addition, we esti-
mated separate multivariable logistic regression models for



Table 1.Descriptive Statistics of US Adults Aged 40–64 Years Who Received a Colonoscopy Between 2008 and 2011 by Use
of Standard Sedation Compared With Anesthesia Services

Characteristics

Standard sedation (N ¼ 2,079,784) Anesthesia services (N ¼ 1,088,444)

TotalN % N %

Age, y
40–44 118,219 5.7 65,789 6.0 184,008
45–49 202,027 9.7 110,740 10.2 312,767
50–54 718,696 34.6 366,116 33.6 1,084,812
55–59 545,729 26.2 284,265 26.1 829,994
60–64 495,113 23.8 261,534 24.0 756,647

Sex
Men 972,911 46.8 506,003 46.5 1,478,914
Women 1,106,873 53.2 582,441 53.5 1,689,314

Charlson comorbidity score
0 2,047,467 98.4 1,071,580 98.4 3,119,048
1 22,164 1.1 11,833 1.19 33,997
�2 10,153 0.5 5,031 0.5 15,184

Region
Northeast 219,226 10.5 251,582 23.1 470,808
Southeast 307,652 14.8 229,746 21.1 537,398
Southwest 472,765 22.7 156,243 14.4 629,008
Midwest 271,868 13.1 82,848 7.6 354,716
West 284,855 13.7 24,355 2.2 309,210
Unknown 523,418 25.2 343,670 31.6 867,088

Year of colonoscopy
2008 513,019 24.7 212,110 19.5 725,129
2009 627,188 30.2 302,066 27.8 929,254
2010 507,881 24.4 278,567 25.6 786,448
2011 431,696 20.8 295,701 27.2 727,397

Provider type
Gastroenterology 915,732 44.0 534,847 49.1 1,450,579
Not gastroenterology 1,164,052 56.0 553,597 50.9 1,717,649

Polypectomy
No 1,108,236 53.3 571,518 52.5 1,679,754
Yes 971,548 46.7 516,926 47.5 1,488,474
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each adverse outcome. All models were adjusted for sex, age,
polypectomy status, Charlson comorbidity score, provider/
practice type, calendar year, and geographic region. Because
there could be regional variation in the type of patient receiving
anesthesia services in conjunction with colonoscopy, we also
report results stratified by region. All results were stratified
further by polypectomy status at the time of the colonoscopy
(yes/no). Results are presented as odds ratios with 95% con-
fidence intervals.

We conducted one sensitivity analysis that restricted out-
comes to inpatient hospitalizations to explore whether outpa-
tient claims (ie, likely less serious outcomes) were driving the
relationship between use of anesthesia services and adverse
outcomes.

All analyses were conducted using Stata version 12.0 (Col-
lege Station, TX).13
Results
Overview of the Population

We identified 4,939,993 individuals who had colonos-
copies during the study period. We excluded 1,491,943 with
less than 1 year of enrollment, 39,784 with a previous
diagnosis of colorectal cancer, and 240,038 with other
noncancer exclusions. Our final sample included 3,168,228
unique colonoscopies.

Study participants were, on average, 54.5 years of age,
53.3% were female, and 45.8% had their colonoscopy
performed by a gastroenterologist. There were no differ-
ences in the proportion of adults who received anesthesia
services vs no anesthesia services by age, sex, Charlson
comorbidity score, or receipt of polypectomy (Table 1).
Nearly a quarter of colonoscopies conducted with anes-
thesia services were performed in the Northeast and
Southeast compared with less than 3% in the West. Use of
anesthesia services was more common in colonoscopies
conducted recently (2010–2011) compared with earlier
years (2008–2009).
Main Analysis
Nationwide, 34.4% of colonoscopies were conducted

with anesthesia services. Rates of use varied significantly
with region (53% in the Northeast vs 8% in the West;
P < .0001) and time. In all regions of the United States, the
prevalence of claims for anesthesia services with a



Figure 1. Prevalence of
anesthesia services in the
50 US states in (A) 2008–
2009 and (B) 2010–2011.
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colonoscopy increased from 2008–2009 to 2010–2011
(Figure 1). The use of anesthesia services was highest
in Florida, increasing from 73.5% of colonoscopies in
2008–2009 to 79.3% of colonoscopies in 2010–2011.
In contrast, the use of anesthesia services was lowest
in Washington, where only 3.7% of colonoscopies were
performed with anesthesia services in 2008–2009 to a
nearly 5-fold increase to 15.4% of colonoscopies in
2010–2011.

Use of anesthesia services was associated with a 13%
higher risk of any complication within 30 days (95% con-
fidence interval [CI], 1.12–1.14) (Table 2). Use of anesthesia
services was associated specifically with a higher risk of
perforation (odds ratio [OR], 1.07; 95% CI, 1.00–1.15);
hemorrhage (OR, 1.28; 95% CI, 1.27–1.30); abdominal pain
(OR, 1.07; 95% CI, 1.05–1.08), complications secondary to
anesthesia (OR, 1.15; 95% CI, 1.05–1.28), and stroke and
other central nervous system events (OR, 1.04; 95% CI,
1.00–1.08) (Table 2). When stratified by polypectomy, the
results for any complication and each individual outcome
remained similar to the overall results, except for perfora-
tion. Among those with a polypectomy, the risk of perfora-
tion was 26% higher with receipt of anesthesia services;
however, there was no association between anesthesia
services and perforation among individuals without poly-
pectomy (OR, 1.04; 95% CI, 0.88–1.24).

Analyses that stratified by region also showed that use
of anesthesia services was associated with a higher risk of



Table 2.Risk of 30-Day Outcomes by ORs and 95% CIs of the Association Between Use of Anesthesia Services and Standard
Sedation

Outcomes

Overall Polypectomy No polypectomy

ORa 95% CI ORa 95% CI ORa 95% CI

Any complication 1.13 1.12–1.14 1.16 1.15–1.17 1.10 1.10–1.12
Colonic

Perforation 1.07 1.00–1.15 1.26 1.09–1.52 1.04 0.88–1.24
Hemorrhage 1.28 1.27–1.30 1.36 1.33–1.39 1.23 1.22–1.26
Abdominal pain 1.07 1.05–1.08 1.10 1.08–1.11 1.04 1.02–1.05

Anesthesia-associated outcome
Pneumonia 1.03 1.00–1.06 1.02 0.98–1.06 1.02 1.00–1.07
Infection 1.03 0.97–1.10 1.00 0.93–1.10 1.06 0.98–1.15
Complications secondary to anesthesia 1.15 1.05–1.28 1.19 1.04–1.37 1.10 0.96–1.20

Cardiopulmonary
Hypotension 0.97 0.93–1.02 1.00 0.94–1.07 0.94 0.88–1.00
Myocardial infarction 0.98 0.95–1.01 0.98 0.94–1.02 0.98 0.94–1.03
Stroke and other central nervous system events 1.04 1.00–1.08 1.05 1.00–1.11 1.04 0.99–1.10

aAdjusted for age, sex, Charlson comorbidity status, polypectomy status, provider/practice type, region, and year
(continuous).
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any complication in all regions except the Southeast
(Table 3). In the Southeast, there was no association be-
tween use of anesthesia services and complications from
colonoscopy. In the Northeast region, where use of anes-
thesia services was most common, use of anesthesia ser-
vices was associated with a 12% increased risk of any
complication (adjusting for potential confounders). In the
West, where use of anesthesia services was least common,
the use of anesthesia services was associated with a 60%
increased risk of any complication within 30 days of colo-
noscopy. When analyses were stratified by polypectomy
status, we found no regional differences between the use of
anesthesia services and the risk of any complication with
colonoscopy.
Sensitivity Analysis
When we restricted analyses to inpatient-only diagnoses

for reported outcomes, we found similar associations
between use of anesthesia services overall and for each
Table 3.Risk of 30-Day Overall Complication by Region of Serv
Between Use of Anesthesia Services to Standard Seda

Region
Prevalence of anesthesia
use with colonoscopy

Overall

ORa 95%

Northeast 53.4% 1.12 1.10
Southeast 42.7% 1.00 0.99
Southwest 24.8% 1.26 1.23
Midwest 23.3% 1.24 1.22
West 7.8% 1.60 1.54
Unknown 39.6% 1.06 1.04

aAdjusted for age, sex, Charlson comorbidity status, polypecto
complication, with the exception of hemorrhage. We found
no association between use of anesthesia services and
inpatient diagnosis of hemorrhage.

Conclusions
Among insured patients completing a colonoscopy

between 2008 and 2011, we found that the overall risk of
adverse outcomes within 30 days of the procedure was
higher among individuals who had received anesthesia
services compared with individuals who had no indication
of use of anesthesia services. We observed substantial
regional variation in use of anesthesia services with colo-
noscopy and, importantly, variation in the risk of adverse
outcomes by region. The increase in risk was greatest for
patients in regions with a low prevalence of use of anes-
thesia services, even after adjusting for patient and proce-
dure characteristics.

The most recent estimate of colonoscopies performed in
the United States is from 2003, with an estimated 14.2
ice in the Calculation of ORs and 95% CIs of the Association
tion

Polypectomy No polypectomy

CI ORa 95% CI ORa 95% CI

–1.14 1.12 1.09–1.16 1.11 1.08–1.13
–1.02 1.07 1.05–1.10 0.95 0.93–0.97
–1.28 1.20 1.16–1.24 1.30 1.27–1.35
–1.26 1.27 1.23–1.30 1.21 1.19–1.24
–1.66 1.69 1.60–1.78 1.52 1.44–1.60
–1.08 1.07 1.04–1.09 1.01 0.99–1.03

my status, provider/practice type, and year (continuous).
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million colonoscopies performed per year.14,15 The use of
colonoscopy increased among average-risk adults, bypass-
ing stool-based tests.16 However, screening colonoscopy is
not without risks.9,10 Results from our study show that
some increased risks are associated with use of anesthesia
services compared with colonoscopies performed without
anesthesia services. Although we were not able to identify
the actual agent used for sedation, the overwhelming
majority of colonoscopies performed with anesthesia ser-
vices in US clinical practice use propofol either alone or in
combination with benzodiazepines and narcotics.

Although the use of anesthesia agents can directly
impact colonoscopy outcomes, it is not solely the anesthesia
agent that could lead to additional complications. In the
absence of patient feedback, increased colonic-wall tension
from colonoscopy pressure may not be identified by the
endoscopist,7,8 and, consistent with our results, could lead
to increased risks of colonic complications, such as perfo-
ration and abdominal pain. We found no major differences
in risk of any complication or specific complications asso-
ciated with anesthesia services by polypectomy status,
except for perforation, suggesting patient feedback could be
important when tissue is removed.

In regards to anesthesia-associated harms, we detected a
greater risk of complications secondary to anesthesia, but
no increased risks associated with pneumonia or other
infections. Prior research has not reported an increased risk
of complications secondary to anesthesia with those who
received anesthesia services, and these results should be
replicated in other populations. Cooper et al8 showed that
use of anesthesia services was associated with an increased
incidence of aspiration pneumonia compared with standard
sedation (0.14% vs 0.10%; P ¼ .02). Our results did not
confirm the results from Cooper et al,8 who examined
complications using SEER–Medicare data, an older popula-
tion with more comorbid conditions than our own younger
population. It is possible that we were unable to detect
these complications because they are rare in a younger
population.

We included cardiovascular outcomes in our analysis
and did not expect to find differences in risk of these rare
conditions for individuals with and without anesthesia
services. However, we detected a slightly higher risk of
stroke and other central nervous system events overall with
receipt of anesthesia services, adjusting for several con-
founders. Further studies are needed to evaluate the risk of
stroke associated with use of propofol for colonoscopy. In
particular, it is important to rule out potential confounding
caused by use of anesthesia services in select high-risk
patients before attributing the stroke risk to propofol.

By region, we showed that use of anesthesia services
was associated with higher overall risks except for the
Southeast region. The Southeast region has the second
highest rate of use of anesthesia services with colonoscopy,
and these findings suggest that there may be residual con-
founding by comorbidity status. That is, anesthesia services
may be offered more widely to all patients in the Southeast
region, compared with more selected use of anesthesia
services in other regions. Our analyses adjusted for
comorbidity using the Charlson score, and when we
describe comorbid status by region, we did not find sys-
tematic differences in patient characteristics by anesthesia
services across regions. In SEER–Medicare data, Khiani
et al4 determined that increasing comorbid associations was
associated modestly (adjusted OR, 1.15) with increased use
of an anesthesiologist with screening colonoscopy.

Our study used a large national claims-based analyses
of colonoscopies in US insured adults aged 40–64 years.
However, our results are not without limitations. First, our
analyses of national claims-based data included a limited
number of patient covariates that may have confounded
the relationship between anesthesia services and colo-
noscopy complications. Still, we were able to adjust for the
major confounders in the analysis, and our results gener-
ated new hypotheses that can be evaluated further in other
study designs with access to more detailed confounder
information. Second, we could not evaluate the sedative
agent administered but rather the use of anesthesia ser-
vices. Anesthesia services served as a proxy for the mea-
sure of exposure of the medication administered (ie,
propofol) and the process of care associated with admin-
istration with an anesthesiologist or nurse anesthetist
compared with standard sedation. Although we could not
specifically identify propofol as the agent of use for anes-
thesia services, the medication administered by anesthesia
professionals likely was propofol, given its preference by
endoscopists.17 Third, as with all claims data, there was the
possibility of misclassification of outcomes based on the
claim code. We would expect results of misclassification to
be nondifferential by anesthesia use, and result in esti-
mates close to the null. Finally, we did not have direct
access to patient medical records to further clarify out-
comes included in the analysis per ICD-9-CM codes, as was
conducted by Levin et al.11 With our limited data, we
believe we have generated evidence for further research
opportunities.

In conclusion, the overall risk of complications after
colonoscopy is higher when individuals receive anesthesia
services relative to those who receive standard sedation.
The risk of colonoscopy is not without its own inherit risks,
so the widespread adoption of anesthesia services with
colonoscopy should be considered in the context of all
potential risks.
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