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OBJECTIVES: Rates of surgery for nonmalignant colorectal polyps are increasing in theUnitedStates despite evidence that

mostpolypscanbemanagedendoscopically.Weaimed todeterminenationally representativeestimatesand

to identify predictors of in-hospital mortality andmorbidity after surgery for nonmalignant colorectal polyps.

METHODS: Data were analyzed from the National Inpatient Sample for 2005–2014. All discharges for adult

patients undergoing surgery for nonmalignant colorectal polyps were identified. Rates of in-hospital

mortality and postoperative wound, infectious, urinary, pulmonary, gastrointestinal, or cardiovascular

adverse events were calculated. Multivariable logistic regression using survey-weighted data was used

to evaluate covariables associated with postoperative mortality and morbidity.

RESULTS: An estimated 262,843 surgeries for nonmalignant colorectal polyps were analyzed. In-hospital mortality

was 0.8% [95% confidence interval: 0.7%–0.9%] and morbidity was 25.3% [95% confidence interval:

24.2%–26.4%]. Postoperative mortality was associated with open surgical technique (vs laparoscopic),

older age, black race (vs non-Hispanic white), Medicaid use, and burden of comorbidities. Female sex and

private insurance were associated with lower risk. Patients developing a postoperative adverse event had

a106%increase inmeanhospital lengthof stay (10.3vs5.0days;P<0.0001) and91%increase inmean

hospitalization cost ($77,015.24 vs $40,258.30; P < 0.0001).

DISCUSSION: Surgery for nonmalignant colorectal polyps is associated with almost 1% mortality and common

morbidity. These findings should inform risk vs benefit discussions for clinicians and patients, and

although confounding by patient selection cannot be excluded, the risks associated with surgery

support consideration of endoscopic resection as a potentially less invasive therapeutic option.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/B290
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INTRODUCTION
In the United States, more than 6 million screening colonoscopies
are performed annually, and the detection and removal of colorectal
polypsby endoscopicpolypectomyhas beenassociatedwith reduced
long-term risks of colorectal cancer (CRC) incidence and related
death (1–3). In approximately 4%–11% of colonoscopies, a large
colorectal polyp (.20 mm) will be identified, most of which can be
removed endoscopically (4). In expert hands, endoscopic resection
of complex colorectal polyps has low complication rates and offers
several advantages to surgery; polypectomy typically is an outpatient
procedure, avoids abdominal incision, preserves bowel anatomy and
function, is associated with fewer adverse events, is less costly, and
does not preclude subsequent surgery should it be required (5–8).

Although most polyps can be removed endoscopically, partial
colectomies are frequently performed for nonmalignant colorectal
polyps in the United States. In an analysis of the National Inpatient
Sample (NIS), Peery et al. (9) demonstrated a significant increase in
the incidence of surgery for this indication between 2000 and 2014,
from 5.9 to 9.4 surgeries per 100,000 adults. By contrast, rates of
surgery formalignant CRC decreased during the same period, from
31.5 to 24.7 surgeries per 100,000 adults, whereas rates of colono-
scopy performed for screening have remained stable. The reasons
underlying the increased rates of surgery for nonmalignant co-
lorectal polyps over time are unclear (10,11).

For patients, the decision to undergo surgery should be in-
formed by an understanding of the risks and benefits associated
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with the available treatment options. Previous estimates of op-
erative risks for resection of nonmalignant polyps have been
primarily derived from case series, with postsurgical mortality
estimated to range from 0.5% to 1.6% (12–15). More recently,
Peery et al. used the National Surgical Quality Improvement
Program (NSQIP) database to evaluate outcomes in 12,732
patients who underwent elective surgery for a nonmalignant
colorectal polyp (8). The 30-day mortality rate after surgery was
0.7%, and the risk of a major postoperative adverse event was
14%. Although this study provided estimates from a large, pro-
spectively collected database, these rates may not be generalizable
to the US population as the NSQIP disproportionately samples
tertiary care academic hospitals and encompasses a quality as-
surance program that may improve the outcomes (16).

To aid clinicians and patients in making informed treatment
choices, we aimed to determine a more precise, nationally rep-
resentative average estimate of postoperative mortality and
morbidity after surgery for nonmalignant colorectal polyps and
to identify factors associated with adverse outcomes.

METHODS
Study design and population

We performed a retrospective analysis of data collected from the
Healthcare Cost and Utilization Project (HCUP) NIS Database for
2005–2014. The NIS is an all-payer administrative health database
that captures information from more than 7 million inpatient
admissions at over 1,000 hospitals across the United States annu-
ally. Weighted data yield national estimates for more than 35
million hospital admissions (17). Adult patients ($18 years old)
with a diagnosis of a colonic or an anorectal nonmalignant polyp
(International Classification of Disease, Ninth Edition, Clinical
Modification [ICD-9] CM codes 211.3 or 211.4) who underwent
colectomy or proctectomy (17.3–17.39, 45.7–45.79, or 48.4–48.6)
were identified. To minimize misclassification by surgical in-
dication, patients with intestinal perforation, inflammatory bowel
disease, diverticulitis, or CRC were excluded. Patients who un-
derwent total abdominal colectomy were also excluded, which
occurs more commonly in patients with familial adenomatous
polyposis syndrome. Surgical procedureswere categorized as either
open or laparoscopic andby locationof resection (left colonic, right
colonic, other colonic, or rectal). These administrative codes have
been previously used to evaluate temporal trends in surgical rates
for nonmalignant colorectal polyps (9).

Outcome definitions

The primary outcome was in-hospital death after surgery. The
secondary outcome was incidence of postoperative morbidity,
defined as a composite of one or more of the following recorded
adverse events: wound-related, infectious, urinary, pulmonary,
gastrointestinal, cardiovascular, and intraoperative adverse
events. Complete definitions of postoperative morbidity are
summarized in Supplemental Table 1 (see Supplementary Digital
Content, http://links.lww.com/AJG/B290).

Statistical analysis

The NIS uses a stratified sampling design: to produce national
figures, survey weights provided by the HCUP were applied to
generate discharge-level estimates. In 2012, the NIS sampling
strategy was redesigned. Therefore, revised survey trend weights
for 2005–2011 were applied to make estimates comparable with
the survey design for 2012–2014. Patient demographics and

hospital characteristics are presented using descriptive statistics.
Rates of postoperative in-hospital mortality and morbidity were
calculated and expressed as proportions and per 1,000 surgeries.
Multivariable logistic regression modeling was performed to
evaluate predictors of adverse postoperative outcomes. Covari-
ables were chosen a priori, and it included age, sex, race, primary
method of payment, Charlson Comorbidity Index (18) (CCI 0, 1,
$2) (19), open vs laparoscopic surgical technique, hospital type
(rural vs urban [.10,000 residents], teaching vs nonteaching;
teaching hospitals were defined by having an Accreditation
Council for Graduate Medical Education-approved residency
program, being a member of the Council of Teaching Hospitals,
or having a ratio of interns/residents to beds of $0.25), hospital
region, and by hospital colectomy volume (,10 colectomies/yr,
10–49 colectomies/yr, and $50 colectomies/yr). Effect sizes are
expressed as adjusted odds ratios with 95% confidence intervals
(CIs). Mean length of stay (LOS) and total hospitalization costs
(expressed in US $) were compared between patients with and
without postoperative adverse events using an adjustedWald test.
Time trend analyses on mortality and morbidity rates were per-
formed by calculating the annual percent change (APC) using
a generalized linear model assuming a Poisson distribution.
Joinpoint regression was used to assess for significant inflection
points in temporal trends.

All analyses were performed using STATA 14.2 (College Sta-
tion, TX) and Joinpoint Regression Program 4.6 (Statistical Re-
search and Applications Branch, National Cancer Institute). The
Kaiser Foundation Research Institute determined this study to be
exempt from continuing review given the use of de-identified data.

RESULTS
Patient demographics

A total of 54,598 discharges for patients undergoing surgery for
nonmalignant colorectal polyps were identified, representing an
estimated 262,843 discharges nationally between 2005 and 2014.
Cohort identification is summarized in Figure 1, and patient
baseline demographic characteristics are described in Table 1.
Approximately 40% of patients undergoing surgery were older
than 70 years, and more than one-third of patients had concur-
rent comorbidities as defined by the CCI. The incidence of lap-
aroscopic resections increased during the study period from
13.5% in 2005–2009 to 59.1% in 2010–2014.

Rate of in-hospital mortality and morbidity

Adjusted rates of in-hospital mortality and morbidity are
summarized in Table 2. The overall risk of postoperative in-
hospital death was 0.8% [95% CI: 0.7%, 0.9%]. The risk of in-
hospital mortality in patients undergoing open surgery was
1.1% [95% CI: 1.0%, 1.2%] compared with 0.4% [95% CI: 0.3%,
0.5%] in patients undergoing laparoscopic surgery. The risk of
in-hospital death increasedwith age: the estimated riskwas 0.2%
[95% CI: 0.2%, 0.3%] in patients aged 50–59 years, 0.6% [95%
CI: 0.4%, 0.7%] in patients aged 60–69 years, 1.0% [95% CI:
0.9%, 1.2%] in patients aged 70–79 years, and 2.5% [95% CI:
2.1%, 2.9%] in patients aged $80 years.

A total of 25.3% [95% CI: 24.2%, 26.4%] of patients un-
dergoing surgery experienced an in-hospital postoperative ad-
verse event. Themost common postoperative adverse event was
gastrointestinal (16.3% [95% CI: 15.5%, 17.1%]). The risk of
postoperative morbidity was highest among patients un-
dergoing open surgery (28.6% [95% CI: 27.2%, 30.0%]) than

Copyright © 2019 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

C
O
LO

N

Mortality and Morbidity Post-Colectomy 1803

http://links.lww.com/AJG/B290


among those undergoing laparoscopic surgery (19.5% [95% CI:
18.4%, 20.6%] and among patients with multiple medical
comorbidities (34.9% [95% CI: 33.2%, 36.6%]). Stratified mor-
tality and morbidity rates by age, sex, race, payment, comor-
bidities, hospital type, hospital region and division, and hospital
colectomy volume are summarized in Supplemental Table 2 (see
Supplementary Digital Content, http://links.lww.com/AJG/
B290).

Time trends in postoperative morbidity and mortality

On time trend analysis, the rate of postoperative mortality
remained stable (APC: 23.8% [95% CI: 27.5%, 10.1%]; P 5
0.08). By contrast, the proportion of patients experiencing
a postoperative adverse event decreased significantly (APC: 2
3.3% [95% CI: 25.1%, 21.5%]; P 5 0.002) (Figure 2). On join-
point regression, a statistically significant change in trend for
postoperativemorbidity occurred in 2008: before 2008, the rate of
postoperative adverse events was stable (APC:12.7% [95%CI:2
3.2%, 18.9%]; P 5 0.31). After 2008, the rate of postoperative
adverse events decreased significantly (APC:26.1% [95% CI:2
8.2%,24.0%]; P 5 0.001).

Predictors of postoperative mortality and morbidity

Increasing age, male sex, black race, open surgical technique, and
the presence of comorbidities increased the risk of postoperative
mortality (Table 3). The CCI was the strongest predictor of in-
hospital death: patients with $2 comorbidities had a 5.6-fold in-
creased risk of postoperative mortality compared with patients
without comorbidities. Open surgical technique (compared with
laparoscopic surgery) and older age (per decade) were associated
with an approximately 2- to 3-fold increased risk of in-hospital
death, and female individuals had half the risk of death compared
withmale individuals. Patients onMedicaidhada2.6-fold increased
risk of in-hospital mortality compared with patients on Medicare.

The risk of postoperative morbidity was also associated with
increasing age, male sex, black race, open surgical technique, and
the presence of comorbidities (Table 3). Patients undergoing
laparotomy had a 61% increased risk of postoperative morbidity
compared with patients undergoing laparoscopic surgery. Med-
icaid coverage was associated with a 31% increased risk of post-
operative adverse events, whereas private insurance was
associated with an 11% reduction in postoperative morbidity
compared with Medicare. Regional differences in postoperative
morbidity were also observed: when stratified by census division,
patients undergoing surgery in New England (22.9% [95% CI:
20.8%, 25.1%]) or Mid-Atlantic (22.5% [95% CI: 21.3%, 23.8%])
states had the lowest risk of postoperative adverse event (see
Table 2, Supplementary Digital Content, http://links.lww.com/
AJG/B290).

Impact on hospital LOS and cost

Mean LOS for patients undergoing surgery for a nonmalignant
colorectal polyp was 6.3 days (SE: 0.03 days), and mean cost of
hospitalization was $49,566.48 (SE: $591.90). In-hospital mor-
tality resulted in a 134% increase inmean LOS (14.6 vs 6.2 days; P
, 0.0001) and 234% increase in mean total hospitalization cost
($162,487.20 vs $48,613.18; P , 0.0001). In-hospital morbidity
resulted in a 106% increase in mean LOS (10.3 vs 5.0 days; P ,
0.0001) and 91% increase in mean total hospitalization cost
($77,015.24 vs $40,258.30; P , 0.0001).

DISCUSSION
Surgical referral for patients with nonmalignant polyps remains
a common practice, and the incidence of surgery is rising
(9,13,21,22). In this study, we analyzed more than 260,000 sur-
geries for nonmalignant colorectal polyps in a large US database
over a 10-year period. Sampling fromall geographic regions in the
United States, capturing both small and large surgical volume
hospitals, and including patients with all-payer coverage, we
determined that nationally, approximately 1 in 4 patients will

Figure 1. Patient identification flowchart. ICD-9, International Classifica-
tion of Disease, Ninth Edition.
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Table 1. Demographic characteristics of adult patients undergoing surgery for nonmalignant colorectal polyps (2005–2014)

Characteristic 2005–2009 (n5 133,038) 2010–2014 (n5 129,805) Total (n 5 262,843)

Age, yr (n, %)

,40 2,293 (1.7) 1,943 (1.5) 4,236 (1.6)

40–49 6,945 (5.2) 6,139 (4.7) 13,084 (5.0)

50–59 28,936 (21.8) 30,081 (23.2) 59,017 (22.5)

60–69 39,508 (29.7) 41,819 (32.2) 81,327 (30.9)

70–79 38,046 (28.6) 36,133 (27.8) 74,180 (28.2)

$80 17,220 (12.9) 13,651 (10.5) 30,871 (11.7)

Male sex (n, %) 65,543 (49.3) 63,720 (49.1) 129,263 (49.2)

Race (n, %)

White 82,309 (61.9) 94,092 (72.5) 176,401 (67.1)

Black 10,879 (8.2) 14,544 (11.2) 25,423 (9.7)

Other 39,850 (29.9) 21,170 (16.3) 61,020 (23.2)

Payment (n, %)

Medicare 72,806 (54.7) 70,299 (54.2) 143,105 (54.5)

Medicaid 3,330 (2.5) 5,011 (3.9) 8,341 (3.2)

Private 52,402 (39.4) 49,957 (38.5) 102,359 (38.9)

Other 4,342 (3.3) 4,313 (3.3) 8,655 (3.3)

Comorbidities (n, %)

CCI 5 0 78,761 (59.2) 72,111 (55.6) 150,872 (57.4)

CCI 5 1 33,508 (25.2) 33,184 (25.6) 66,692 (25.4)

CCI $ 2 20,769 (15.6) 24,510 (18.9) 45,279 (17.2)

Hospital type (n, %)

Rural 15,040 (11.3) 13,498 (10.4) 28,538 (10.9)

Urban, nonteaching 60,573 (45.5) 50,433 (38.9) 111,005 (42.2)

Urban, teaching 56,834 (42.7) 65,228 (50.3) 122,062 (46.4)

Hospital region (n, %)

Northeast 24,902 (18.7) 21,644 (16.7) 46,546 (17.7)

Midwest 31,366 (23.6) 29,579 (22.8) 60,944 (23.2)

South 53,092 (39.9) 55,337 (42.6) 108,428 (41.3)

West 26,678 (17.8) 23,246 (17.9) 46,924 (17.9)

Hospital bed sizea (n, %)

Small 13,547 (10.2) 16,013 (12.3) 25,560 (9.7)

Medium 31,191 (23.4) 32,743 (25.2) 63,934 (24.3)

Large 80,571 (60.6) 74,597 (57.5) 155,168 (59.0)

Hospital colectomy volume (n, %)

,10 colectomies/yr 1,549 (1.2) 9,061 (7.0) 10,611 (4.0)

10–49 colectomies/yr 14,584 (11.0) 51,205 (39.4) 65,789 (25.0)

.50 colectomies/yr 109,748 (82.5) 63,676 (49.1) 173,424 (66.0)

Surgical technique (n, %)

Open 115,039 (86.5) 53,025 (40.9) 168,064 (63.9)

Laparoscopic 17,999 (13.5) 76,780 (59.1) 94,779 (36.1)

Resection location (n, %)

Right colonic 90,456 (68.0) 92,484 (71.3) 182,941 (69.6)

Left colonic 19,587 (14.7) 18,224 (14.0) 37,811 (14.4)
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experience a postoperative adverse event and 1 in 125 patientswill
die in the hospital after surgery. Furthermore, a complicated
postoperative course is associated with intensive resource utili-
zation and the high risk ofmortality andmorbidity after surgery is
notable when a safer endoscopic option exists.

Our primary objective was to determine generalizable, un-
biased, national-level estimates of postoperative mortality and
morbidity. Hence, we used the NIS to capture a wide breadth of
discharges (.35 million weighted discharges annually), drawing
from all states participating in the HCUP, representing.97% of
the US population. However, because discharge-level rather than
patient- or surgeon-level data were collected, the primary limi-
tation of this study is that detailed polyp (histology, morphology,
size), colonoscopy (operator, timing, attempted endoscopic re-
section), and healthcare provider (surgeon experience, gastro-
enterologist availability) data are not available. These factors may
result in selection bias for cohort studies: for example, in areas
with minimal access to endoscopic resection, older patients with
multiple comorbidities at higher risk for postoperative mortality
may still opt to undergo surgery. Alternatively, tertiary care
centersmay see a higher referral volume of complex cases that are
predisposed to greater postoperative risk. Therefore, although we
present national-level estimates, regional mortality and morbid-
ity may vary.

We have attempted to mitigate the influence of these factors in
several ways. First, although these confounders may be an

important source of selection bias in smaller cohorts, their effects
on large, population-based, national-level estimates are likely di-
luted when considering all discharges across all geographic areas.
Second, we have included several surrogate measures of these
confounders in our analyses, including hospital colectomy volume,
teaching hospital status, urban vs rural location, and hospital re-
gion. Third, although specific polyp characteristics are important
to consider for endoscopic resectability, their impact oncolectomy-
related outcomes is unclear. It is probable that somepolyp features,
for example, tubular vs villous vs serrated histology, are unlikely to
affect surgical mortality as we have selected nonmalignant, non-
invasive polyps.

Previously, Peery et al. (8) reported a 14% risk of at least one
major postoperative adverse event, a 7.8% risk of readmission
within 30 days, a 3.6% risk of a secondmajor operation, and a 0.7%
risk of 30-day mortality using data from the NSQIP database. Al-
though in-hospital mortality rates (0.8%) were similar to those
previously reported, we found a substantially higher risk of post-
operative morbidity (25% vs 14%). Differences in the risk of
postoperative adverse events are likely multifactorial. Research
using the NSQIP database may underestimate adverse events due
to the quality improvement focus of the program, over-
representation of academic tertiary care centers, ormethodological
heterogeneity in adverse event definitions. Although the NSQIP
database has advantages for defining preoperative patient comor-
bidities and prospective collection of postoperative outcomes, the

Table 1. (continued)

Characteristic 2005–2009 (n 5 133,038) 2010–2014 (n 5 129,805) Total (n 5 262,843)

Rectum 794 (0.6) 818 (0.6) 1,613 (0.6)

Other 15,043 (11.3) 12,416 (9.6) 27,460 (10.5)

Sampling of 54,598 observations representing an estimated 262,843 patients nationwide. n represents national estimates using survey weights.
CCI, Charlson Comorbidity Index.
aHospital bed size categories defined by hospital location and teaching status; full details available at https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nisnote.jsp.
Small hospitals range from 1 to 249 beds, medium hospitals range from 25 to 449 beds, and large hospitals range from 501 to 4501 beds.

Table 2. Rate of in-hospital postoperative mortality and morbidity after surgery for nonmalignant colorectal polyps (2005–2014),

expressed as the proportion of patients undergoing surgery with 95% CIs

Outcome 2005–2009 (n 5 133,038) 2010–2014 (n5 129,805) Total (n5 262,843)

Postoperative mortality 0.9% (0.7%, 1.0%) 0.8% (0.7%, 0.9%) 0.8% (0.7%, 0.9%)

Any postoperative adverse event(s) 27.4% (25.6%, 29.2%) 23.2% (22.1%, 24.2%) 25.3% (24.2%, 26.4%)

Organ-specific adverse event

Wound adverse event 1.7% (1.5%, 1.8%) 1.4% (1.2%, 1.5%) 1.5% (1.4%, 1.6%)

Infectious adverse event 4.0% (3.6%, 4.3%) 3.6% (3.4%, 3.9%) 3.8% (3.6%, 4.0%)

Urinary adverse event 1.1% (0.9%, 1.2%) 1.0% (0.8%, 1.1%) 1.0% (0.9%, 1.1%)

Pulmonary adverse event 4.8% (4.4%, 5.2%) 2.6% (2.4%, 2.9%) 3.7% (3.5%, 4.0%)

Gastrointestinal adverse event 17.3% (16.0%, 18.6%) 15.2% (14.4%, 16.1%) 16.3% (15.5%, 17.1%)

Cardiovascular adverse event 3.1% (2.8%, 3.4%) 2.1% (1.9%, 2.2%) 2.6% (2.4%, 2.8%)

Intraoperative adverse event 3.8% (3.4%, 4.1%) 3.2% (3.0%, 3.5%) 3.5% (3.3%, 3.7%)

n represents national estimates using survey weights.
CI, confidence interval.
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NIS database does not rely on volunteer participation and captures
all types of hospitals, payers, and locations. Therefore, our mor-
tality and morbidity estimates are more generalizable, particularly
in non-NSQIP participating US institutions. In cohort-based
studies, similarly high risks of postoperative adverse events have
also been reported at 20%–30%, although these estimates are
limited by sample size considerations (14,23).

Comparatively, the most common complications associated
with endoscopic resection include bleeding and perforation.
Intraprocedural and delayed bleeding affect approximately 11%
and 6% of polypectomies, respectively (24,25). In meta-analysis,
the pooled risk of perforation after large polypectomies is ap-
proximately 1.5%, andmortality directly attributable to endoscopy
or subsequent surgery after endoscopy is rare (0.08%) (26). Given
the lower reported rates of complications associated with endo-
scopic resection, our study provides additional support for clinical
practice recommendations that all polyps should be considered for
attempted endoscopic resection before referral for surgery (27,28).
Nevertheless, we recognize that there may be circumstances in
which surgery is thepreferred treatment option for some individual
patients. For example, surgery is indicated to manage lesions un-
suitable for or after a failed endoscopic resection.Nonlifting lesions
and polyps with signs of invasive cancer should undergo surgical
resection (5). The absolute incidence of these polyps is low. In
meta-analysis, only 8.1% of patients with polyps $20 mm (pre-
dominantly laterally spreading sessile lesions) required surgery
(26). Furthermore, most polyps initially deemed unsuitable for
endoscopic resection can be removed when evaluated by an expert
endoscopist: Voloyiannis et al. identified that nearly 60% of
patients avoided surgical resection when repeat colonoscopy with
polypectomy was performed, and similarly, Friedland et al. iden-
tified that 71% of lesions referred for surgery were actually ame-
nable to endoscopic resection (29,30).

Surgery may also be required to treat serious adverse events
after polypectomy (5). In this respect, there may be differences in
referral patterns and case selection for nonmalignant polyps
based on whether a gastroenterologist or surgeon performed the
index procedure. Surgeons have ready recourse to resection in
difficult or complicated cases and in patients harboring a covert

cancer, whereas gastroenterologists may be more circumspect
regarding lesion evaluation and endoscopic resection. Although
these factors are unlikely to significantly impact national-level
estimates of postoperative morbidity and mortality, they do
highlight that regional differences in practice pattern are ob-
served; correspondingly, we identified geographic disparities in
postoperative morbidity. Finally, polypectomy performed in
a large center of endoscopic excellence is not available in all
jurisdictions: in these cases, patients may choose a local surgical
approach rather than remote endoscopic service.

We demonstrated both patient- and system-related differ-
ences in the risk of postoperative mortality and morbidity after
surgery for a nonmalignant colorectal polyp. Unsurprisingly, el-
derly patients with advanced comorbidities were at highest risk.
In multivariable analysis, male and black patients were more
likely to experience adverse outcomes; although this may relate to
presentation with more advanced disease compared with female,
non-black patients, as is observed with CRC, this requires addi-
tional investigation (31,32). Furthermore, although we adjusted
for CCI burden on multivariable analysis, residual confounding
with respect to comorbidities in male, black patients may persist.
Patients onMedicaid and undergoing open laparotomy were also
at higher risk for postsurgical adverse events. Given themore than
2-fold increased risk of mortality associated with open surgery,
this study provides supporting evidence to exhaust laparoscopic
options (33,34). Additionally, although surgery for a non-
malignant polypmay be considered less intensive compared with
colectomy for inflammatory or malignant indications, the pro-
tective effect seen with laparoscopic surgery suggests that this
remains a complex operation thatmay benefit fromcentralization
of care in expert centers capable of performingminimally invasive
procedures (35,36). In our study, a significant decrease in the rate
of postoperative adverse events was observed. This is likely
multifactorial and may relate to improvements in surgical tech-
niques, decreased invasiveness of surgical procedures, optimized
patient selection, national efforts to concentrate select surgical
procedures in high-volume centers, surgical quality improvement
initiatives, and improved perioperative and postoperative care
pathways (37–41).

Figure 2. Incidence of in-hospital mortality and postoperative adverse events after surgery for nonmalignant colorectal polyps over time (2005–2014).
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Importantly, our study highlights the intensive resource uti-
lization associated with a complicated postoperative course after
surgery for nonmalignant colorectal polyps. Previous estimates of
surgical cost for nonmalignant colorectal polyps range from ap-
proximately $16,000 to $19,000 per patient (7,42). These figures
underestimate the costs associated with managing postoperative
morbidity; in our analysis, patients with a complicated post-
surgical course had approximately twice the LOS and the mean

total cost of hospitalization exceeded $75,000. In the current era
where healthcare expenditures are rising, treatment options that
have comparable effectiveness and yet are safer and more cost
effective should be considered.

Our study has some important limitations. First, administrative
coding errors may introduce a source of misclassification bias. We
used codes similar to those used in previous studies to identify
surgery for nonmalignant colorectal polyps (9), and postoperative
adverse events after colectomy have been validated in an ulcerative
colitis population (43). As many jurisdictions in the United States
transition to ICD-10 coding, diagnostic, procedural, and post-
procedure complication coding should be prospectively validated
to ensure accurate case ascertainment. Second, the NIS does not
stratify postoperative adverse events by severity (e.g., by the
Clavien-Dindo Classification) and does not contain polyp in-
formation such as size, histology, and previous attempts at endo-
scopic resection. Third, postoperative adverse events were
presented by body system because ICD-9 administrative coding
lacks the granularity to distinguish specific adverse events. Because
there are no specific preadmission comorbidity vs postoperative
complication diagnostic markers in the NIS, we have used post-
procedure ICD-9 codes to maximize the specificity of our outcome
definition (see Table 1, Supplementary Digital Content, http://
links.lww.com/AJG/B290). This does not allow for more detailed
characterization of complications, although it does minimize
misclassification bias. Fourth, the level of analysis in the NIS is
based on discharges, rather than individual patients limiting the
ability to follow patients for adverse events occurring after the
index hospitalization or determine their preoperative course with
respect to colonoscopy and attempts at endoscopic resection. Fi-
nally, theNISdoesnot capture procedures occurring in ambulatory
hospitals and surgical procedures with a same-day discharge.
However, it is unlikely that a substantial number of colectomies are
performed in ambulatory surgical centers in the United States and
also have same-day discharges.

In conclusion, in this analysis of the NIS from 2005 to 2014, we
found that the overall nationwide mortality rate after surgical re-
section for nonmalignant colorectal polyps was 0.8%, with an
overall postoperative morbidity rate of 25.3%. These results will
inform gastroenterologists, surgeons, and primary care physicians
when having risk-benefit discussions on treatment options for
nonmalignant colorectal polyps. Given that published data on
endoscopic resection of large polyps is likely safer and more cost
effective than surgery, patients with advanced nonmalignant pol-
yp(s) should be considered for referral to an expert for potential
endoscopic management, with surgery being reserved for patients
in whom endoscopic resection is deemed unfeasible or has failed.
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