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Abstract

Purpose Despite advances in biologic therapy, approximately 10-15% of ulcerative colitis (UC) patients require surgery. We
aimed to (1) examine the rates of emergent colectomy and elective ileal pouch anal anastomosis (IPAA) over time among UC
patients in the USA and (2) investigate disparities in surgery rates by patient demographics.

Methods Data from the Nationwide Inpatient Sample (NIS) from 2000 to 2014 were analyzed. Inclusion criteria were admissions
with a primary UC ICD-9-CM diagnosis code and age> 18. Emergent cases were defined as those admitted through the
emergency room with an outcome ICD-9-CM code for subtotal colectomy. Elective IPAA cases were defined with an outcome
ICD-9-CM code for IPAA, used as a surrogate measure of colectomy. Patient and hospital-level demographics were analyzed.
Temporal trends of colectomy were analyzed utilizing joinpoint-regression analysis with calculation of annual percentage change
(APC).

Results A total of 470,708 admissions were included over the 14-year period. Emergent colectomy rate significantly declined
(APC —7.35%, p = 0.0002), while the rate of elective IPAA remained stable (APC —0.21%, p = 0.8). Emergent colectomy rates
declined similarly across all demographics, though not as marked among patients age 50 and older and Medicare patients.
Elective IPAA rates were significantly lower among blacks and patients with public insurance.

Conclusions There has been a significant decline in emergent UC colectomy rates in the USA; however, the overall need for
surgery appears unchanged given stable IPAA rates. This suggests a limited impact on overall surgery rates with a shift from
emergent to elective procedures.
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Introduction

Approximately 10-15% of ulcerative colitis (UC) patients
will require surgery during their disease course [1]. The most
common surgery for UC is the staged total proctocolectomy
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with ileal pouch anal anastomosis (IPAA), the first stage of
which includes emergent or elective colectomy. Emergent
colectomy is performed for UC patients with severe or fulmi-
nant colitis refractory to inpatient medical therapy. Colectomy
is typically followed by completion proctectomy and elective
IPAA construction 3 to 6 months after initial surgery [2].
Colectomy risk among patients with UC has decreased
since the approval of anti-tumor necrosis factor (TNF) ther-
apy in 2005 [3—6]. Multiple population-based studies in
Canada and Europe have noted a decrease in colectomy rates
secondary to the improved efficacy of medical management
with immunomodulators and biologics [7-10]. Kaplan et al.
reported an average annual percent change of —4.3% in
elective colectomy rates in Calgary between 1997 and
2009, and Reich et al. reported decreasing colectomy rates
with increasing biologic use in Edmonton between 1998 and
2011 [7, 8]. Similar trends have been observed in Europe
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with reports from the prospective Swiss Inflammatory Bowel
Disease Study Cohort indicating a significant decline in an-
nual colectomy rates after 2005 [10].

Data on colectomy rates since the advent of anti-TNF ther-
apy in the USA has conflicted with that from Canada and
Europe. In a retrospective review of a private insurance claims
database between 2002 and 2013, Kin et al. noted an increase
in the rates of colectomy or total proctocolectomy in patients
diagnosed in the post-infliximab period [11]. Similarly, in a
review of the Nationwide Inpatient Sample (NIS) between
1991 and 2011, Geltzeiler et al. reported a 44% increase in
the number of patients who required total abdominal
colectomy and a shift towards staged restorative
proctocolectomy [12]. Both studies suggest that biologic ther-
apy has not decreased the risk of surgery for UC patients in the
USA and has potentially resulted in patients that are more
acutely ill by the time colectomy is pursued.

Given the presence of conflicting data, we aimed to [1]
examine the rates of emergent colectomy and elective [IPAA
over time among UC patients in the USA, and [2] investigate
disparities in surgery rates by patient demographics.

Methods
Study data and population

The study cohort was extracted from the NIS of Healthcare
Cost and Utilization Project (HCUP), Agency for Healthcare
Research and Quality (AHRQ). The NIS database is a 20%
stratified random sample of all hospital inpatient discharges
from approximately 1000 hospitals from 40 states, capturing
approximately 7 million hospitalizations through the USA.
Geographic region, urban or rural location, teaching status,
ownership, and bed size of hospitals were used as stratification
variables. It contains in-depth information on patient demo-
graphics, payment source, total charges, length of stay, hospi-
tal characteristics, and outcomes. The consistency of coding
and variables in the dataset is maintained by AHRQ using
extensive preprocessing to reconcile variations in coding by
individual states and definitions across them. The NIS data-
base provides discharge weights, which can be used to derive
national estimates from the representative sample of patients.

We analyzed data from the year 2000 to 2014 [13].
Institutional Review Board approval was not needed because
of the de-identified nature of the data. The NIS was queried
using the International Classification of Diseases, Ninth
Revisions, Clinical Modification (ICD-9-CM) diagnosis
codes to identify all admissions for UC patients [14]. The
Clinical Classification Software (CCS) codes were used to
define the primary diagnoses on admission. Patients less than
18 years of age were excluded.
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Covariates

The following data were extracted from the NIS: patient-level
characteristics including age, gender, race, quartile classifica-
tion of median household income (extrapolated from zip
code), primary payer status (Medicare/Medicaid, private in-
surance, self-pay, or no charge), and hospital-level character-
istics including geographical region, hospital bed size, and
teaching status. The validated All Patient Refined Diagnosis
Related Group (APRDRG) score was used to account for
severity of illness [15, 16].

Outcomes

The main outcome measure was the proportion of hospitali-
zations that resulted in surgery, stratified as either emergent
colectomy or elective [IPAA. Emergent colectomy cases were
defined as those admitted through the emergency room with
an outcome variable of ICD-9-CM code for subtotal
colectomy (45.8). Elective IPAA cases were defined as elec-
tive admissions with an outcome variable of ICD-9-CM code
for IPAA (35.05, 35.06). We used elective IPAA as a surrogate
measure of the total surgery burden in UC since this is the
definitive, final stage procedure for UC patients requiring
colectomy. Elective colectomy cases were not included in
the analysis.

Statistical analysis

To obtain descriptive statistics, we followed recommended
methodological standards for the NIS database as well as spe-
cific statements, such as SURVEYFREQ [13]. The Wald x?
test was utilized for examining baseline characteristics for
categorical variables (expressed in percentages), unpaired,
two-tailed ¢ test for normally distributed continuous variables
reported as mean (+ standard deviation), and the Wilcoxon
signed rank test if continuous variables were not normally
distributed. Temporal colectomy trends were evaluated with
joinpoint regression analysis to identify statistically significant
changes over time using the linear slope of the trend [17]. In
joinpoint analysis, the best-fitted points where the rates
changed significantly were chosen and added to the model.
The best-fitted model was computed by permutation test, and
annual percentage change (APC) was calculated by general-
ized linear models with a Poisson distribution. We then con-
ducted subgroup analyses of emergent colectomy and IPAA
rates over time stratified by race and insurance type. We used
SURVEY procedures in SAS (v.9.4, Cary, N.C.) to account for
stratification, clustering, and unequal weighting of the NIS
survey design. Discharge weights provided in the NIS were
used to generate nationally representative estimates for the
U.S. population. For all statistical analyses, a two-sided p
value of 0.05 was considered significant.
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Table 1 Total NIS Ulcerative Colitis (UC) Hospitalizations 20002014
Type of UC hospitalization N (%)
Emergent hospitalization 313,477

Colectomy 10,160 (3.24%)
303,317 (96.8%)
157,243

16,953 (10.8%)

No colectomy
Elective hospitalization
IPAA

NIS nationwide inpatient sample, /PAA ileal pouch anal anastomosis

Results

A total of 470,708 hospitalizations with a primary admission
ICD-9-CM diagnosis code for UC were identified between
2000 and 2014. Of these, 313,477 (66.6%) admissions were
emergent while 157,243 (33.4%) admissions were elective
(Table 1). Among patients admitted emergently, 10,160
(3.24%) required colectomy during admission. Among elec-
tive admissions, 16,953 patients (10.8%) underwent [PAA.

Table 2  Patient characteristics

We observed disparities in outcomes by patient demo-
graphics when conducting a pooled analysis of all UC admis-
sions from 2000 to 2014. Compared to patients who only had
medical management during their hospitalization (elective or
emergent), patients who underwent emergent subtotal
colectomy or elective IPAA were significantly older and more
likely to be white, privately insured, or have a median house-
hold income greater than the 75th percentile for their zip code
(Table 2). Patients who underwent emergent subtotal
colectomy or elective IPAA also had significantly higher rates
of co-morbid disease including depression and congestive
heart failure compared to patients admitted for medical man-
agement (Table 2). Further, patients who underwent emergent
colectomy or elective IPAA had higher levels of illness sever-
ity and mortality risk per the APR-DRGs scale as compared to
those who underwent medical management (Table 3). The
largest percentage of emergent subtotal colectomy and elec-
tive IPAA occurred in large hospitals, urban non-teaching
hospitals, and in the South (Table 4). Mean length of stay
was longest among patients who underwent emergent

Patient characteristics

Total =470,708 No surgery (n =443,595)

Emergent colectomy (n =10,160) Elective IPAA (n =16,953)

Age in years, n (%)

Mean (+ SE) 49+(0.13)
Gender, n (%)*
Male 205,460 (46.3)
Female 237,518 (53.5)
Race, n (%)*
White 271,770 (61.2)
Black 39,649 (8.9)
Hispanic 35,734 (8.0)
Other 18,363 (4.1)
Comorbidities, n (%)°
Depression 39,770 (8.9)
Congestive heart failure 13,858 (3.1)
Coronary artery disease 32,604 (7.3)
Hypertension 110,935 (25.0)
Malnutrition 26,153 (5.8)
Coagulation disorder 9575 (2.2)

Fluid and electrolyte disorder 154,912 (34.9)
Median income per zip code, n (%)*

0-25th percentile 81,889 (18.4)

26-50th percentile 89,829 (20.2)
51-75th percentile 91,791 (20.6)
76—100th percentile 96,893 (21.8)

50+(0.39) 40+ (0.15)
5391 (52.9) 9573 (56.4)
4782 (47) 7375 (43.5)
6542 (64.3) 10,992 (64.8)
539 (5.3) 519 3.1)
511 (5) 603 (3.5)
241 (2.3) 723 (4.3)
962 (9.4) 1121 (6.6)
497 (4.8) 38(0.2)
618 (6.1) 343 (2)
1915 (18.8) 2057 (12.1)
2370 (23.3) 409 (2.4)
720 (7.1) 173 (1)
4438 (43.6) 1668 (9.8)
1525 (14.9) 2277 (13.4)
1762 (17.3) 3130 (18.4)
1825 (17.9) 3779 (22.2)
2228 (21.8) 4340 (25.6)

1PAA ileal pouch anal anastomosis

# Covariates did not add up to 100% due to missing data

® Covariates did not add up to 100% in the table due to omitted “other” data
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colectomy or elective IPAA and shortest among patients who
received medical management (Table 3).

Between 2000 and 2014, the rate of emergent colectomy
significantly declined (APC —7.35%, p =0.0002), while the
rate of elective IPAA remained stable nationwide (APC —
0.21%, p =0.8) (Fig. 1). Emergent colectomy rates declined
similarly across all demographics, though not as marked
among patients age 50 and older and among Medicare patients
(Fig. 2a). There were no significant differences in emergent
colectomy rates by race (Fig. 2a). [PAA rates remained con-
sistently and significantly higher in white patients and those
with private insurance over time (Fig. 2b). IPAA rates were
consistently and significantly lower among patients age 65
and older (Fig. 2b).

Discussion

We observed that over a 14-year time period, the rates of
emergent colectomy significantly declined, while the rates of
elective IPAA remained stable in the US NIS cohort. There
were significant disparities in IPAA rates based on race and
insurance. Patients who were black, Hispanic, or had public
insurance were less likely to undergo IPAA. IPAA rates were
highest in white patients and those with private insurance con-
sistently over time.

The noted decline in emergent colectomy rates in our study
is likely due to the increased use of biologics in the outpatient
and inpatient setting. According to prescription and infusion
medication data compiled in the Truven MarketScan Database,

Table 3 Index Admission Characteristics

the proportion of UC patients in the USA using biologics be-
tween 2007 and 2015 significantly increased from 5.1 to
16.2%, while the proportion using immunomodulators and
aminosalicylates remained relatively stable [18]. The decrease
in emergent colectomy rates noted in the NIS cohort coupled
with the aforementioned increase in biologic availability and
use likely reflects an improvement in inpatient management of
acute severe and fulminant UC as well as outpatient manage-
ment leading to fewer severe cases requiring admission. Our
results conflict with the previously published NIS review by
Geltzeiler et al. likely because we considered emergent and
elective procedures separately, as opposed to reporting all
UC admissions and total colectomy procedures together [12].

The decrease in emergent colectomy rates, however, does
not appear to be resulting in a decrease in overall surgery rates
for UC patients in the USA. IPAA rates remained stable dur-
ing the studied time period suggesting that the overall need for
surgical UC management has remained unchanged. Rather, it
is possible that more effective inpatient UC management with
biologics has delayed surgery, shifting its acuity from emer-
gent to elective. This has been noted in multiple single-center
studies [6, 19]. Gibson et al. observed a significantly lower
rate of emergent colectomy during infliximab induction
among patients who received accelerated dosing as compared
to those who received standard dosing. Long-term colectomy
rates, however, were similar in the two groups at 2-year fol-
low-up, indicating an unchanged overall need for colectomy
and a shift from emergent to elective surgery. Our data suggest
a similar phenomenon on a population level. In this context,
our results differ from European and Canadian studies which

Index Admission Characteristics

Total =470,708 No surgery (n =443,595)

Emergent colectomy (n = 10,160)

Elective IPAA (n =16,953)

APRDRG Risk Mortality Scale, n (%)*

Minor 281,131 (63.3)
Moderate 73,595 (16.5)
Major 27,562 (6.2)
Extreme 8264 (1.8)

Length of stay, days n (%)
Mean (£SE)
Primary payer type, n (%)*

5.9+(0.02)

Medicare 121,641 (27.4)

Medicaid 43,802 (9.8)

Private 225,437 (50.8)
Discharge disposition, n (%)°

Died 3595 (0.8)

3591 (35.3) 12,875 (75.9)
1797 (17.6) 1388 (8.2)
1530 (15.0) 360 (2.1)
1389 (13.6) 138 (0.8)
19+(0.2) 7.54(0.05)
2857 (28.0) 1038 (6.1)
921 (9.0) 976 (5.8)
5528 (54.3) 13,890 (81.9)
632 (6.2) 23.8(0.1)

1PAA ileal pouch anal anastomosis, APRDRG all patient refined diagnosi
# Covariates did not add up to 100% due to missing data

s-related group

® Covariates did not add up to 100% in the table due to omitted “other” data
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Table 4 Hospital level characteristics

Hospital characteristics

Total = 470,708

No surgery (n =443,595)

Emergent colectomy (n = 10,160)

Elective IPAA (n =16,953)

Hospital bed size, n (%)*
Small
Medium
Large
Hospital type, n (%)*
Rural
Urban teaching
Urban non-teaching
Hospital region, n (%)*
Northeast
Midwest
South
West

52,091 (11.7)
111,461 (25.1)
278,806 (62.8)

47,663 (10.7)
182,145 (41.0)
212,551 (47.9)

104,984 (23.6)
97,940 (22.0)
154,224 (32.7)
86,446 (19.4)

716 (7) 969 (5.7)
1888 (18.5) 2633 (15.5)
7560 (74.3) 13,340 (78.7)
593 (5.8) 184 (1.1)
3091 (30.3) 2314 (13.6)
6479 (63.7) 14,444 (85.2)
2452 (24.1) 4112 (24.2)
2587 (25.4) 4710 (27.7)
3527 (34.7) 5881 (34.6)
1607 (15.8) 2251 (13.2)

1PAA ileal pouch anal anastomosis
# Covariates did not add up to 100% due to missing data

reported an overall decrease in colectomy rates, likely because
they studied slightly different time intervals and used geo-
graphically limited insurance databases unlikely to be as rep-
resentative as the NIS [7, 8, 10].

‘We report significant disparities in IPA A rates among black
and Hispanic patients and those with public insurance. It is not
clear how much of these disparities are due to underlying
disease biology, healthcare access, and/or cultural preferences.
There is little published data on disease biology and severity
among minorities; however, previous studies have reported a
decreased colectomy risk in black patients compared to whites
and an increased colectomy risk in Hispanic patients

compared to whites [20-23]. The association of public insur-
ance with minorities has been well established in multiple
studies and likely contributes to the disparities observed in
this cohort [24, 25]. Utilizing the NIS database, Nguyen
et al. reported that black and Hispanic inflammatory bowel
disease patients were more likely to receive public insurance
compared to white patients and separately reported unchanged
colectomy rates among black patients despite declining rates
in white patients [24, 25]. The observed disparity in IPAA
rates in our study among minorities with public insurance
may be a result of differential access to health services and
specialists, specifically gastroenterologists and colorectal

Fig. 1 Emergent colectomy and
elective IPAA rates during UC
admissions. Emergent colectomy .
rate significantly declined (APC
—7.35%, p =0.0002), while the *
rate of elective IPAA remained b 45
stable (APC —0.21%, p =0.8).
UC ulcerative colitis, APC annual
percent change

Percentage of UC Admissions With Surgery

®  Elective J-Pouch Surgeries
— 2000. =021
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surgeons [26]. Furthermore, inadequate outpatient UC man-
agement may result in an increase in elective hospitalizations
that would decrease overall IPAA rates. Finally, individual
and cultural preferences among minorities may lead to less
utilization of elective surgery, in this case IPAA [27, 28].
The NIS database has a number of strengths and limitations.
The NIS database is a large, national, all-payer hospitalization

=
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P<0.01*

\
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< NN
\
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Percentage of Emergent
Admissions with Colectomy
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D —
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database with geographic diversity and regional representation.
It includes information on patient demographics and insurance,
and spans a long timeframe. Limitations include that the NIS
database relies on administrative codes, which increases the risk
of misclassification bias. Furthermore, there is no clinical data
such as colonoscopy or laboratory reports that would allow for
assessment of disease extent or severity. In addition, NIS does

Age trends
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Fig.2 a Differences in emergent colectomy rates based on age, insurance
status, and race. Rates of emergent colectomy declined similarly over
time across demographics, though not as marked among patients aged
50 and older and among Medicare patients. There were no significant
differences in emergent colectomy rates by race. n.s. not significant. b
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Differences in elective IPAA rates based on age, insurance status, and
race. Ileal pouch anal anastomosis (IPAA) rates were consistently and
significantly lower among patients age 65 and older. IPAA were similarly
stable over time across demographics but were consistently higher among
whites and private insurance patients
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Age trends
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Fig. 2 (continued)

not have information on medications and we are not able to
directly assess impact of biologic use on colectomy and IPAA
rates. Finally, it is impossible to link hospitalizations, track in-
dividual patients across time, or assess individual patient
outcomes.

Due to the limitations of the NIS database, we utilized
elective IPAA rates as a surrogate for total surgical burden in
UC. However, not all patients who undergo subtotal
colectomy will proceed to IPAA within the same year, or even
at all. As such, we acknowledge possible alternative explana-
tions for our results. First, early recognition of medically re-
fractory UC patients and more expeditious elective admis-
sions for subtotal colectomy may have resulted in the noted
decline of emergent surgery rates. Second, it is possible that an

—o—White

«@-—Black

Hispanic

increased proportion of patients who underwent emergent
colectomy proceeded to IPAA over time and thus resulted in
stable IPAA rates. However, given the marked negative APC
in the emergent colectomy group, we would have expected an
equivalent positive APC in the elective IPAA group.

We observed that rates of emergent colectomy significantly
declined, while rates of elective IPAA remained unchanged in
the USA between 2000 and 2014. Colectomies appear to be
shifting from emergent to elective procedures likely reflecting
improved medical management with the use of biologics. This
study noted significant disparities in surgery rates based on
race and insurance, with minorities and patients on Medicaid
less likely to undergo elective IPAA. Given the emergence of
UC as a global disease and its increasing incidence among
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minorities, further studies are needed to validate these noted
disparities and investigate their etiology [29, 30].
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