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ABSTRACT

Background and Objective: Therapeutic options for pediatric inflammatory bowel disease (PIBD) have
dramatically changed over the last 20 years. However, the impact of modern medical management on PIBD
outcomes remains unclear. We aimed to fill this gap in the literature by using a large, validated, national
database, to study the change in hospitalization rates, surgical rates,and postoperative complications in PIBD
over the last decade.

Methods: The National Inpatient Sample (NIS) Database and ICD-9-CM codes were utilized to identify
inpatient admissions with a primary or secondary diagnosis of pediatric Crohn’s disease (CD) or ulcerative
colitis (UC) from 2002-2015. Trends in hospitalizations, comorbidities (including malnutrition and weight
loss), surgical procedures,and postoperative complications were examined using joinpoint regression analysis,
a statistical modeling approach to evaluate the extent to which the rate of a condition changes over time.

Results: There were 119,282 admissions for PIBD during the study period. The annual incidence of
hospitalization increased significantly over time for both CD (average annual percent change [AAPC]
6.0%) and UC (AAPC 7.2%). The rate of intestinal resection decreased in CD patients (AAPC -6.4%)
while postoperative complications remained unchanged. However, comorbidities increased significantly
in CD patients (AAPC 6.8%). For pediatric UC patients, postoperative complications (AAPC 6.7%), and
comorbidities (AAPC 10.2%) increased significantly over time while intestinal resection rates remained
stable. Intestinal resection rate in pediatric CD has decreased over time, but not in pediatric UC.

Conclusion and Global Health Implications: Annual incidence of hospitalization and comorbidities
continue to increase in PIBD. Intestinal resection rate in pediatric CD has decreased over time, but not in
pediatric UC. Our findings emphasize the critical need for prevention and novel therapeutic options for this
vulnerable patient population.

Keywords: ¢ Pediatric ¢ Inflammatory Bowel Disease ¢ Crohn’s Disease ¢ Ulcerative Colitis * National
Trends « HCUP NIS
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|. Introduction

Inflammatory bowel diseases (IBD) are chronic,
relapsing and remitting gastrointestinal diseases
that require lifelong medical treatment, intermittent
hospitalization, and need for surgical intervention
in a proportion of patients.' The ultimate goal of
medical treatment is to achieve remission, with the
least amount of side effects possible. The landscape
of therapeutic options for IBD has dramatically
changed since the early 2000s with the widespread
use of biologic medications for Crohn’s disease
(CD) and ulcerative colitis (UC).? Similarly, surgical
techniques?® and peri- and postoperative management
of patients*® have evolved.

The ultimate impact of these advancing treatment
options on outcomes in PIBD remains unclear. There
have been multiple studies looking at IBD in adults &'°
but pediatric data is very limited. Park et al. determined
that hospital utilization has decreased, but this was not
associated with a decreased risk of surgery."" Another
study found a nationwide increase in the annual
incidence of hospitalization for pediatric CD and UC
over a |2 year period, however, intestinal resection
rates only increased in pediatric CD.'? The impact of
evolving treatment options on surgical complication
rates in IBD is similarly controversial. Studies comparing
children with IBD treated with biologic versus non-
biologic therapy prior to bowel resection did not find an
increased risk of postoperative complications in children
receiving biologics.'>'* However, multiple studies in adult
patients have found conflicting results.'¢2

As medical and surgical management continue
to progress, the overall nationwide impact on
hospitalization, surgical rates, and postoperative
complications in PIBD remains unclear.We aimed to
fill this gap in the literature by examining the change
in these indices (hospitalizations, surgical rates, and
postoperative complications) over the last decade.
We hypothesized that hospitalization rates, surgical
rates, and postoperative complications in pediatric
PIBD have decreased over time.

2. Methods

This is a retrospective study using the Nationwide
Inpatient Sample (NIS), which is developed for the

Healthcare Cost and Utilization Project (HCUP) and
sponsored by the Agency for Healthcare Research
and Quality (AHRQ).2 It is the largest all-payer
publicly available data that contains information
regarding more than 7 million unweighted and 35
million weighted samples of inpatient hospitalizations
amongall non-federal and non-rehabilitation hospitals
in the United States. It contains patient socio-
demographics, diagnoses, procedures, and hospital
characteristics information, which is obtained from
the discharge records of each hospital stay.

The NIS used the International Classification
of Diseases, Ninth Edition, Clinical Modification
codes (ICD-9 CM) to document the diagnoses
and procedures associated with each hospital stay.
Starting in the last quarter of 2015, NIS implemented
ICD-10 CM, therefore we limited the data to the
third quarter of 2015. All encounter data in the
NIS are presented per visit or per admission
and not per patient, with an effort to protect
patient confidentiality and it does not contain any
identifiers that would make it possible to link various
encounters for the same patient over time.

2.]. Study Sample

Between January |, 2002 and September 30, 2015,
among patients less than 18 years of age, we identified
patients with primary or secondary diagnosis of
CD and ulcerative colitis. For Crohn’s disease, we
used ICD-9 codes 555.0 (Crohn’s disease of small
intestine without complications), 555.1 (Crohn’s
disease of large intestine without complications),
555.2 (Crohn’s disease of both small and large
intestine without complications), or 555.9 (Crohn’s
disease, unspecified, without complications). For
UC we used ICD-9 codes 556.0-556.9, which
includes ulcerative (chronic) enterocolitis, ulcerative
(chronic) ileocolitis, ulcerative proctitis, ulcerative
(chronic) rectosigmoiditis without complications,
left-sided ulcerative (chronic) colitis, ulcerative
(chronic) pancolitis without complications, other
ulcerative colitis, and ulcerative colitis, unspecified.
As CD and UC are not typically diagnosed among
infants less than a month of age, we excluded all
birth hospitalizations and patients less than one
month of age. Similarly, we excluded discharges in
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which the entire hospitalization, from admission to
discharge, was completed before the end of the first
month of life. Among the patients with a diagnosis
of CD or UC (exposure), we calculated the rates of
comorbidities, surgical procedures and postoperative
complications (outcomes), which were also coded
in ICD-9 format in the data. Specific comorbidities
included obesity (278.01[morbid obesity], 278.02
[overweight]), failure to thrive (783.41 [Failure to
thrive], 783.7 [adult failure to thrive]), nutritional
deficiency (260 [kwashiorkor], 261 [nutritional
marasmus], 262 [other severe protein-calorie
malnutrition], 263 [malnutrition of moderate
degree]), abnormal weight loss (783.2 group) and
anorexia (783.0). Surgical procedures included
in this study were excision of the small intestine
(456 group), open and other partial excision of the
large intestine (457 group), total intra-abdominal
colectomy (458 group), laparoscopic partial excision
of the large intestine (173 group), pull through
resection of rectum (484 group), abdominoperineal
resection of rectum (485 group),and other resection
of rectum (486 group). Postoperative complications
include anastomotic leak (9974 group), urinary tract
infection (9975), wound infection (9983 group), and
other postoperative infections (9985 group).

The covariates included in the study were patients’
socio-demographic and hospital stay characteristics
such as age, ethnicity (non-Hispanic vs. Hispanic) and
race (White, Black and Others), zip income quartile,
primary payer and disposition.

Descriptive statistics including frequencies and
proportions describing the socio-demographic and
hospital stay characteristics were included among
those diagnosed with CD and UC. Furthermore,
frequencies and proportions of different types of
comorbidities, surgical procedures and postoperative
complications were calculated for those with CD and
UC. Next, we calculated the temporal trends in the
prevalence of CD and UC per 10,000 hospitalizations,
and trends in the rates of comorbidities, surgeries
and postoperative complication per 100 CD and
UC hospitalizations over the years 2002 - 2015. For
the purposes of calculating trends, we combined
the open and other partial excision of the large
intestine and the laparoscopic partial excision of

the large intestine to “open, laparoscopic partial
and other partial excision of the large intestine.”
Similarly, we combined pull-through resection of
the rectum, abdominoperineal resection of rectum,
and other resection of rectum to “pull-through,
abdominoperineal and other resection of rectum.”
Finally, we combined urinary tract infection, wound
infection, and other postoperative infections to
“other postoperative infection.”

We utilized the joinpoint regression technique, a
statistical modeling approach to evaluate the extent
to which the rate of a condition changes over time,
to assess the temporal trends.** Overall trend for
the entire time period is denoted by average annual
percent change (AAPC) for each outcome of interest
in the study. All tests of hypotheses were two-tailed
with type-l error rate set at 5%. All statistical
analyses were performed using R (version 3-5-1),
RStudio (version I-1-423), and Joinpoint Regression
Program version 4.7.0.0 (National Cancer Institute).
The institutional review board of Baylor College
of Medicine classified this study as exempt since it
utilized publicly available and de-identified data.

3. Results
We analyzed a total of 119,282 pediatric
hospitalizations  involving  IBD. Of these,

73,339 (61.5%) were diagnosed with CD and
45,943 (38.5%) were diagnosed with UC (Table I).
Table | compares selected characteristics of
admitted children with CD and UC. The majority
of children in both groups were over | years old,
of non-Hispanic White race, and in a higher family
income bracket.

3.1. Hospitalizations

The annual incidence of hospitalization increased
significantly over time for both CD (average annual
percent change [AAPC], 6.0, 95% confidence interval
[Cl] 4.7, 7.2) and UC (AAPC, 7.2, 95% Cl 6.2, 8.1,
Figure ). The surgical resection rate decreased in
CD patients (AAPC, -6.4, 95% ClI, -8.7, -4.1) while
postoperative complications remained unchanged
(Supplemental Figure |A). However, comorbidities
increased significantly in CD patients (AAPC, 6.8, 95%
Cl, 4.6, 9.0). For pediatric UC patients, postoperative
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Table |: Socio-demographic characteristics of children with Crohn’s disease (CD) and ulcerative colitis
(UC) - principal and 2" diagnosis

CD (n=73,339) % Total 39 UC (n=45,943) % Total 943
Age
0-5 years 2,580 3.52% 3,105 6.76%
6-10 years 8,476 11.56% 6,895 15.01%
11-14 years 25,314 34.52% 15,046 32.75%
15-19 years 36,969 50.41% 20,897 45.48%
Race
NH-White 41,962 57.22% 25,518 55.54%
NH-Black 8,793 11.99% 3,795 8.26%
Hispanic 4,692 6.40% 4,875 10.61%
Others 3,284 4.48% 2,633 5.73%
Zip Income Quartile
Lowest 13,641 18.60% 7,767 16.91%
2nd 15,210 20.74% 10,198 22.20%
3rd 17,750 24.20% 11,698 25.46%
Highest 25,591 34.89% 15,497 33.73%
Primary Payer
Medicare 105 0.14% 30 0.07%
Medicaid 18,108 24.69% 11,382 24.77%
Private insurance 50,480 68.83% 31,388 68.32%
Self-pay 1,413 1.93% 833 1.81%
No charge 65 0.09% 41 0.09%
Other 3,023 4.12% 2,211 4.81%
Disposition Type
Routine 68,045 92.78% 42,408 92.31%
Transfer to Short-term Hospital 1,122 1.53% 1,007 2.19%
Transfer other type of facility 311 0.42% 205 0.45%
Home Healthcare 3,679 5.02% 2,184 4.75%
Against medical advice (AMA) 112 0.15% 35 0.08%
Died in hospital 31 0.04% 84 0.18%
Discharged alive, destination unknown - 0.01% 16 0.03%
Note |:*-* represents values less than 10, which are not to be reported as per HCUP guidelines. Note 2: Columns do not contain missing values to prevent the identification of
cell values less than 10.So column totals may not match
complications (AAPC, 6.7, 95% CI, 1.2, 12.4), and significantly over time except malnutrition

comorbidities (AAPC, 10.2,95% Cl,8.8, | |.6) increased
significantly over time while intestinal resection rates
remained stable (Supplemental Figure |B).

3.2. Comorbidities

When specific comorbidities were analyzed
separately, all comorbidities increased significantly
over time in UC patients (Supplemental Figure 2B,
Table 2).In CD patients, all comorbidities increased

(Supplemental Figure 2A). While CD patients did
not have a significant increase in malnutrition overall,
there was a visible rise in malnutrition rates from
2007-2012, followed by a decrease from 2012-2015
in this patient group.

3.3. Surgeries and Postoperative Complications

Changes in the rates of specific surgical operations
and postoperative complications were also analyzed
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Table 2: Comorbidities, procedures and postoperative complications for Crohn’s disease (CD) and
ulcerative colitis (UC) hospitalizations - all years combined

CD (n=73,339) % Total 339 UC (n=45,943) % Total
Comorbid conditions
Obesity 830 1.13% 717 1.56%
Malnutrition - Failure to thrive 1,759 2.40% 458 1.00%
Nutritional deficiency 5315 7.25% 2,318 5.05%
Abnormal Weight loss 5016 6.84% 2,568 5.59%
Anorexia 838 1.14% 476 1.04%
Surgeries
Excision of small intestine 1,818 2.48% 515 1.12%
Open and other partial excision of the large intestine 4411 6.01% 704 1.53%
Total intra-abdominal colectomy 368 0.50% 2,880 6.27%
Laparoscopic partial excision of the large intestine 4,288 5.85% 721 1.57%
Pull-through resection of rectum 20 0.03% 891 1.94%
Abdominoperineal resection of rectum 43 0.06% 545 1.19%
Other resection of rectum 126 0.17% 1,388 3.02%
Postoperative complications
Anastomotic leak 730 1.00% 631 1.37%
Urinary tract infection 49 0.07% 30 0.07%
Wound infection 95 0.13% 85 0.19%
Other postoperative infection 613 0.84% 391 0.85%

AAPC =7.2,95%C1 - (6.2, 8.1)"

Rates per 10,000 hospitalizations

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year

000D e UC

Figure |: Annual incidence of hospitalization for Crohn’s disease
(CD) and ulcerative colitis (UC) from 2002-2015
AAPC= Average Annual Percent Change. *p<0.05

(Table 2). For both CD and UC patients, the rate
of open, laparoscopic and other partial excision of
the large intestine decreased significantly over time
(Supplemental Figure 3), while other operations did
not change. The rate of anastomotic leak decreased
for CD (Supplemental Figure 4A) and increased for
UC patients (Supplemental Figure 4B), however,
these trends did not reach statistical significance.
Other postoperative infection rates increased

significantly over time for both CD and UC patients
(Supplemental Figure 4).Also, there was a significant
increase in age at the time of surgery in UC patients
over the study period (Supplemental Figure 5), while
this change was not observed in CD patients.

4. Discussion

We utilized a large, national, inpatient database to
assess changes in hospitalization rates, comorbidities,
surgical rates, and postoperative complications
in PIBD over a |3-year period. The study period
included major advancements in the medical and
surgical management of PIBD patients. Despite
evolving therapeutic options, we found that the
annual incidence of hospitalization for PIBD patients
has increased over time. This is in agreement with
multiple studies which have similarly documented
increasing hospitalizations in PIBD.'>*? However,
some studies have reported stable or decreasing
incidence of IBD in North America.®* It is clear
from these conflicting data, that overall trends in
incidence and prevalence of IBD in the United States
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are not clearly established. Interestingly, hospitalized
PIBD patients originated from higher-income ZIP
codes. This finding is in agreement with another
study where PIBD incidence by ZIP code significantly
correlated with family income.?!

While the surgical resection rate has decreased
in CD patients, it remains unchanged in pediatric
UC.This may demonstrate that the evolving medical
management options for PIBD have been more
effective at mitigating intestinal resection risk in
patients with pediatric CD than UC.Alternatively, this
could reflect an overall hesitancy to perform surgery in
CD compared with UC, as surgery can be considered
“curative” in the UC patient. Of note, the main driver
of this decreasing surgical rate in CD in our study was
the significant decrease in partial excision of the large
intestine. While a similar decrease in partial excision
of the large intestine is noted in UC patients, this was
balanced by a trend toward an increase in the rate of
other intra-abdominal surgeries, though these did not
separately reach statistical significance.

Postoperative complications in our study
increased in pediatric UC patients over time. While
some studies suggest that preoperative biologic use
can increase the risk of postoperative complications
in adults,'*'® there have been a number of
observations to suggest that biologic use does not
increase the risk of postoperative complications in
PIBD.">'> Therefore, it is possible that patient factors,
such as the severity of disease at the time of surgery,
may be the cause of complications rather than the
use of these newer medical therapies. However, it is
conceivable that the patient’s surgery may be delayed,
as there are more available therapeutic options that
can be used prior to surgery. If the disease continues
to progress throughout these medication trials,
it is possible that the disease is at a more severe
stage at the time of surgery, leading to an increased
risk of complications. Due to limitations of data
provided through the NIS we were unable to assess
medications used throughout the course of each
patient’s disease. However, this theory is supported
by the fact that the average age at the time of surgery
increased significantly in UC patients over time in
our study (Supplemental Figure 5). Interestingly, we
did not see a change in postoperative complication

rate or average age at surgery in the pediatric CD
population.

Rates of comorbidities increased in both
pediatric CD and UC. The leading comorbidities
in these patients were nutrition-related, including
malnutrition and abnormal weight loss. While
improvement in nutritional status is one of the major
facets of PIBD care, this finding implies that overall
nutritional status in PIBD patients with high disease
activity (i.e. requiring hospitalization) has not been
improving over time. Patients with active disease are
more likely to be undernourished,’ therefore it is
possible that increasing malnutrition is a surrogate
marker for worsening overall disease status and/or
medical treatment failure in these patients.

Interestingly, there was also an increase in rates
of obesity in both CD and UC patients. Obesity
is a significant public health threat, which can also
affect patients with PIBD. A study found that 23.6%
of pediatric CD patients and 30.1% of pediatric UC
patients are overweight or obese, rates that are
comparable to the general population.®*3**While it is
likely that the increase in obesity that we observed
was congruent with the increasing prevalence of
overweight and obesity in pediatric patients across
the country, it remains important to specifically
monitor for this comorbidity in PIBD patients.

There are certain limitations inherent to this
study.Any study relying on database analysis runs the
risk of misclassification of documented diagnoses
and procedure variables, and cannot take into
account differential reporting of diagnoses over
time (such as the comorbidities examined in this
study). Also, in the NIS the unit of observation is a
hospitalization as opposed to a unique patient (as
specific patient identifiers are removed). Therefore,
if the same patient was hospitalized multiple times,
it was counted as multiple unique hospitalizations.
The most significant limitation is the lack of
specific clinical details, including information about
the severity of disease and medical management.
Regardless of these limitations, the NIS is a large,
validated, population-based dataset representative
of all hospitalizations in the United States, which
enhances the generalizability of our findings.
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5. Conclusions and Global Health
Implications

In conclusion, our study represents a substantial
body of data evaluating changes in PIBD outcomes,
including hospitalizations, comorbidities, surgical
rates, and postoperative complications over time.
Contrary to our hypothesis, the annual incidence of
hospitalization and comorbidities increased in these
patients despite the increasing medical and surgical
care options. Future studies are needed to evaluate
the factors contributing to increased hospitalization
and comorbidities in these patients, as well as
possible preventative measures in order to decrease
the burden of PIBD.
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Key Messages

» Out of a total of 119,282 pediatric hospital-
izations involving inflammatory bowel disease,
73,339 (61.5%) had a diagnosis of Crohn’s
Disease and 45,943 (38.5%) had a diagnosis of
ulcerative colitis.

» Hospitalizations and comorbidities increased
over time for both pediatric Crohn’s disease
and ulcerative colitis.

» In pediatric Crohn’s disease, intestinal surger-
ies decreased over time; however, this was not
true for pediatric ulcerative colitis.
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Supplemental Figure I: Rates of surgeries, post-operative complications and comorbidities per 100 Crohn’s disease [CD] (A) and
ulcerative colitis [UC] (B) hospitalizations
AAPC= Average Annual Percent Change. *p<0.05
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Supplemental Figure 2: Rates of comorbidities per 100 Crohn’s disease [CD] (A) and ulcerative colitis [UC] (B) hospitalizations
over the years 2002-2015

AAPC= Average Annual Percent Change. *p<0.05
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Supplemental Figure 3: Rates of surgeries per 100 Crohn’s disease [CD] (A) and ulcerative colitis [UC] (B) hospitalizations over
the years 2002-2015
AAPC= Average Annual Percent Change. *p<0.05
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Supplemental Figure 4: Rates of post-operative complications per 100 Crohn’s disease [CD] (A) and ulcerative colitis [UC] (B)
hospitalizations over the years 2002-2015
AAPC= Average Annual Percent Change. *p<0.05
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Supplemental Figure 5: Average age at surgery for Crohn’s
disease (CD) and ulcerative colitis (UC) patients from 2002-2015
AAPC= Average Annual Percent Change. *p<0.05
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