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Background Crohn’s disease (CD) predisposes patients to intestinal obstruction (IO), a severe 
complication. This study examined the outcomes and healthcare utilization of patients with CD 
and IO using data from the National Inpatient Sample (NIS).

Methods This retrospective analysis of NIS data from 2016-2020 compared hospitalized adult 
CD patients with and without IO. Outcomes studied include in-hospital mortality, length of stay 
(LOS), hospitalization charges, and the requirement for intervention, using regression models for 
adjustment.

Results Among the 304,149 CD patients, 27,024 had IO. These patients experienced higher in-
hospital mortality (3.9% vs. 1.8% for non-IO, adjusted odds ratio [aOR] 1.78, 95% confidence 
interval [CI] 1.09-2.89; P=0.02), longer mean LOS (7.23 vs. 4.53 days for non-IO, P<0.001), and 
higher average hospitalization charges ($71,775 vs. $43,717 for non-IO, P<0.001). Additionally, 
they had higher odds of requiring admission to the intensive care unit (aOR 1.99, 95%CI 1.45-
2.73; P<0.001), intubation (aOR 2.53, 95%CI 1.74-3.68; P<0.001), balloon dilation (aOR 1.50, 
95%CI 1.132-1.98; P=0.005), or intestinal resection (aOR 2.29, 95%CI 2.11-2.49; P<0.001).

Conclusions CD patients with IO face considerable challenges, including greater mortality, 
longer hospital stays, and higher hospitalization costs. The need for intensive care and surgical 
interventions highlights the urgent need for improved management and treatment strategies to 
enhance outcomes for these patients.
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Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel 
disease that increases the risk of patients developing intestinal 
obstruction, one of its most challenging complications. The 
transmural inflammation inherent to CD can lead to the 
thickening of the intestinal wall, fibrosis, and ultimately to the 
formation of strictures. These strictures narrow the intestinal 
lumen, impeding the passage of intestinal contents and in 
some cases leading to obstruction [1]. Additionally, chronic 
inflammation may also promote the formation of adhesions 
and fistulas. As the disease progresses, segments of the intestine 
may become significantly narrowed or blocked, necessitating 
medical or surgical intervention [2].

Recent studies have shown an increasing trend in 
hospitalizations for CD, with intestinal obstruction being one of 
the leading causes of admission, underscoring the importance 
of understanding the outcomes and resource utilization in this 
patient population [3]. Despite advances in medical therapies 
aimed at reducing inflammation and preventing complications, 
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a significant proportion of patients with CD still face intestinal 
obstruction due to stricturing, where scar tissue narrows the 
intestine, and penetrating (fistulizing) disease, which forms 
abnormal connections that can indirectly cause obstruction 
by altering the intestinal flow or may progress to inflammation 
and infection around the fistula, often resulting in additional 
strictures. Consequently, approximately 70% of CD patients 
require surgery to manage these complications [4,5].

To address these issues further, this study utilized the 
National Inpatient Sample (NIS) to analyze the characteristics 
and outcomes of hospitalized adult patients with CD who 
develop intestinal obstruction.

Materials and methods

Study design and database description

This was a retrospective analysis of adult patients 
hospitalized with CD. Data were extracted from the NIS 
database, covering 2016-2020. The NIS is structured as a 
stratified probability sample, designed to accurately reflect 
the landscape of non-federal acute care hospitals across the 
United States. Specifically, a 20% stratified probability sample 
of all hospitals is selected for inclusion in the database. Each 
hospital discharge record in the sample is assigned a weight to 
ensure national representativeness. This weight is calculated 
by dividing the total number of discharges from all acute care 
hospitals in the USA by the number of discharges captured 
within the 20% sample. This methodological approach allows 
the findings to be extrapolated to the entire country, providing 
insights into the epidemiology and outcomes of CD at a 
national level.

Study patients

The study included patients admitted to the hospital 
because of exacerbations related to CD, identified through 
the International Classification of Diseases, Tenth Revision, 
Clinical Modification (ICD-10-CM) codes. The analysis 
differentiated between CD patients with and without intestinal 
obstruction. Individuals under the age of 18 were excluded 
from the study. Although Institutional Review Board (IRB) 
approval was initially pursued, the study was ultimately 
exempted. This exemption was granted based on the utilization 
of de-identified, publicly available data, negating the need for 
traditional IRB oversight.

Study variables and outcomes

The primary outcome was in-hospital mortality, as 
reported in the NIS. The secondary outcomes were: length 
of stay (LOS), total hospitalization charges and costs, fistulas 
(abdominal wall, intestinal, sigmoid, abdominorectal, 

abdominosigmoid, cecosigmoidal, cecal, colon, enterocolic, 
enterocutaneous, ileorectal or ileosigmoidal, ileum, 
intestinocolonic, jejunum, pericecal, perineosigmoidal, 
rectosigmoid [intercommunicating], stercoral), fissures (acute 
anal, chronic anal fissures, anal fissure, unspecified fissures), 
megacolon, intestinal abscess, acute kidney injury and need for 
dialysis, cardiac arrest, hypovolemic shock, vasopressors and 
need for intubation, septic shock, admission to the intensive 
care unit (ICU) or parenteral nutrition. The following potential 
confounders were considered: age in years, sex, race, admission 
day as weekend or weekday, median income in the patient’s 
zip code in 4 hierarchical categories, patient comorbidities as 
measured by the Deyo adaptation of the Charlson comorbidity 
index for administrative data, hospital location, hospital 
region, hospital teaching status as teaching or non-teaching, 
and hospital size (no. of beds).

Statistical analysis

Analyses were performed using STATA, version MP 14.2 
(StataCorp, College Station, Texas, United States). We used 
univariable logistic regression to calculate unadjusted odds 
ratios (ORs). We used multivariate regression analysis to adjust 
for confounding factors. A  non-parsimonious multivariate 
logistic regression model was developed to estimate the 
propensity score. A binomial family and a logit linkage were 
specified when modeling the propensity score [6]. The double 
robust method was used to generate treatment weights, and the 
inverse probability of treatment weighting was used to match 
cases with controls using generalized linear models [6]. In the 
second analysis, multivariable regression models were created 
by including all confounders significantly associated with the 
outcome in the univariable analysis with a cutoff P-value of 
0.2 [7]. Variables that were considered clinically important for 
the outcome based on the literature review were also included 
in the model, regardless of whether they were significantly 
associated with each other in the univariable analysis. 
A logistic regression model was used for binary outcomes and 
a linear regression model for continuous outcomes. For other 
calculations, Fisher’s exact test for proportions and Student’s 
t-test for continuous variables were used. All P-values were 
two-sided, with 0.05 as the threshold for statistical significance.

Missing data

There were no missing data for the hospital variables 
(Table 1). However, there were missing data for some patient 
characteristic variables. For most variables, the percentage of 
missing data was minimal (<0.5%), with the exception of race 
(3.06%). To test whether missing data could lead to bias, we 
assumed that data were not missing at random and applied 
the multivariate imputation by chained equations (MICE) 
method, estimated from sequential multivariable models with 
fully conditional specifications [8]. A total of 10 imputed data 
sets were created that included information from all covariates 
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used in the regression models and other covariates in the 
database with no missing information. The results with and 
without imputation were similar. Therefore, the results without 
imputation are reported.

Results

Patient characteristics

Patient demographics are shown in Fig. 1. The total number 
of patients in the studied NIS cohort was 174,776,186, of 
whom 304,149 had a diagnosis of CD. Among patients with 
CD, 27,024 had intestinal obstruction. Patients with intestinal 
obstruction were more likely to be White males and insured by 
Medicaid or private insurance, and less likely to have Medicare, 
compared to CD patients without intestinal obstruction 
(Table 2). Among CD patients, intestinal obstruction was more 
prevalent in the White population. The other characteristics 
were not statistically different between the 2 patient groups.

Mortality

The overall inpatient mortality in CD patients was 1.9% 
(5778). Mortality was 3.9% (1053) in CD patients with intestinal 
obstruction and 1.8% (4988) in patients without intestinal 
obstruction (unadjusted). CD patients with intestinal obstruction 
had a higher risk of in-hospital mortality compared to patients 
without intestinal obstruction (adjusted odds ratio [aOR] 1.78, 
95% confidence interval [CI] 1.09-2.89; P=0.02) (Table 3).

Independent predictors of mortality

The strength of the association of mortality from intestinal 
obstruction in CD patients with multiple variables was tested 
individually using univariate regression analysis. Multiple 

patient, hospital, and treatment-level variables were tested. The 
final model is presented in Fig.  2. The variables found to be 
independent predictors of increased mortality from intestinal 
obstruction in patients with CD were anemia, malnourishment, 
and the Charlson comorbidity index, which quantifies the 
burden of comorbid conditions by assigning scores based on 
the presence and severity of various medical conditions.

Morbidity

The overall rate of fistulas was 0.8% and 0.1% among patients 
with and without intestinal obstruction, respectively, and this 
difference was significant after adjusting for confounders 
(aOR 1.61, 95%CI 1.25-2.07; P<0.001). Similarly, the rate of 
intestinal abscess formation differed significantly between the 
2 subgroups (aOR 2.29, 95%CI 1.28-4.08; P<0.001). The rate of 
megacolon and intestinal fissures did not differ between the 2 
groups (Table 3).

Treatment setting and length of stay

The overall mean LOS was 4.79 days for patients hospitalized 
with CD, 4.53 days for patients without intestinal obstruction, 
and 7.23  days for patients with intestinal obstruction. After 
adjusting for confounders, patients with intestinal obstruction 
had a comparative mean LOS that was significantly higher by 
2.56 days (P<0.001).

The odds of requiring an ICU stay were twice as high 
for CD patients with intestinal obstruction compared with 
patients without intestinal obstruction (aOR 1.99, 95%CI 
1.45-2.73; P<0.001). Similarly, CD patients had higher odds 
of requiring intubation and vasopressor therapy (aOR 2.53, 
95%CI 1.74-3.68; P<0.001) and (aOR 1.70, 95%CI 1.04-2.79; 
P=0.03) respectively (Table 3). Malnourishment was identified 
as an independent predictor for ICU admission (aOR 5.93, 
95%CI 3.29-10.70; P<0.001), and the need for intubation (aOR 
1.52, 95%CI 1.20-1.94; P<0.001) in CD patients with intestinal 
obstruction (Figs. 3 and 4 respectively).

Table 1 Missing data

Variables Data Missing (%)

Age (years) 0.007

Sex 0.000

Race 3.061

Charlson comorbidity index -

Elective admission 0.127

Weekend admission 0.037

Median income in patient’s zip code 0.127

Hospital region 0.000

Hospital size (beds) 0.000

Hospital location/teaching status 0.000

Insurance 0.127

National Inpatient sample 2016 - 2020

174776187

304150

282805

27025 255750

Crohn’s Disease

Crohn’s Disease (Adult)

Crohn's Disease with Intestinal
obstruction

Crohn's Disease without
Intestinal obstruction

Figure 1 Demographic breakdown of Crohn’s disease patients from 
National Inpatient Sample discharge data
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Table 2 Patient and hospital characteristics for Crohn’s disease patients with and without intestinal obstruction

Characteristics Intestinal obstruction

Absent Present P-value

No. % No. %

Sex
Male
Female

117,270 (45.9)
138,415 (54.1)

13,375 (49.5)
13,645 (50.5)

<0.001

Race (uniform)
White
Black
Hispanic
Asian
Native American
Other

183,595 (73.9)
39,130 (15.8)
15,765 (6.3)
2950 (1.2)
785 (0.3)

6105 (2.5)

20,225 (77.6)
3,430 (13.2)
1,595 (6.1)
195 (0.7)
85 (0.3)

545 (2.1)

<0.001

Charlson comorbidity index
0
1
2
3

175,025 (68.4)
48,755 (19.1)
17,495 (6.8)
14,505 (5.7)

18,375 (68)
5,210 (19.3)
1,795 (6.6)
1,645 (6.1)

0.567

Admission day
Weekday
Weekend

201,420 (78.7)
54,360 (21.3)

21,740 (80.4)
5,285 (19.6)

0.004

Median household income 
0-25th

26-50th

51-75th

76-100th

66,610 (26.4)
64,695 (25.7)
64,300 (25.5)
56,485 (22.4)

6,735 (25.2)
7,090 (26.5)
7,030 (26.3)
5,900 (22.1)

0.138

Primary expected payer (uniform)
Medicare
Medicaid
Private insurance
Self-pay

62,520 (25.3)
51,985 (21)

118,405 (47.9)
14,090 (5.7)

7,265 (27.8)
4,800 (18.3)

12,985 (49.6)
1,130 (4.3)

<0.001

Region of hospital
Northeast
Midwest
South
West

54,870 (21.5)
65,175 (25.5)
97,990 (38.3)

37,744.9 (14.8)

5,260 (19.5)
7,000 (25.9)

10,425 (38.6)
4,340 (16.1)

0.005

Relative bed size category of hospital
Small
Medium
Large

50,299.9 (19.7)
70,059.9 (27.4)

135,420.1 (52.9)

5,230 (19.4)
7,505 (27.8)

14,290 (52.9)

0.795

Hospital teaching status
Non-teaching
Teaching

64,515 (25.2)
191,265 (74.8)

6,665 (24.7)
20,360 (75.3)

0.382

Hospital location
Rural
Urban

17,970 (7.0)
237,810 (93)

1,835 (6.8)
25,190 (93.2)

0.523

Resource utilization

The total cost of hospitalization and parenteral nutrition was 
used as a marker for resource utilization. Mean hospitalization 
charges per patient were $46,395.97  (95%CI 45,434.07-
47,357.87) for the entire study population, $71,775  (95%CI 
$68,665-74,886) for patients with intestinal obstruction, 

and $43,717.018  (95%CI $42,813-44,621) for patients 
without bowel obstruction (unadjusted). After adjusting 
for confounders, total hospitalization charges for patients 
with bowel obstruction were significantly higher by $27,293 
(P<0.001). Patients with bowel obstruction had higher odds 
of requiring parenteral nutrition (aOR 2.61, 95%CI 2.32-2.94; 
P<0.001) (Table 3).
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Age
Female

White
Black

Hispanic
Asian
Other

[0-25th]
[26-50th]
[51-75th]

[76-100th]
Charlson Comorbidity Index

Hospital location
Northeast

Midwest
South
West

Teaching hospital
Small

Medium
Large

Nutrition
Diabetes Mellitus

Hypertension
Hyperlipidemia

Coronary artery disease
Morbid Obesity

Anemia
Cirrhosis

Fistula
Colon Cancer

M
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m
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0 5

Odd Ratio

10 15

Figure 2 Predictors of mortality in Crohn’s disease patients with intestinal obstruction

Table 3 Primary and secondary outcomes

Outcome Adjusted OR  
(95% CI)

P-value

Mortality, % 1.78 (1.09-2.89) 0.02

Mean LOS (days) 2.57 (2.33-2.80) <0.001

Acute kidney injury, % 1.12 (1.01-1.249706) 0.04

Kidney failure requiring 
dialysis, %

1.52 (0.29-8.06) 0.62

Hypovolemic shock, % 1.65 (1.06-2.58) 0.02

Vasopressor requirement, % 1.70 (1.04-2.79) 0.03

Intubation, % 2.53 (1.74-3.68) <0.001

ICU admission, % 1.99 (1.45-2.73) <0.001

Parenteral nutrition, % 2.62 (2.32-2.95) <0.001

Cardiac arrest 2.02 (0.87-4.66) 0.1

Fistula 1.61 (1.25-2.07) <0.001

Fissure 0.66 (0.40-1.06) 0.08

Megacolon 1.59 (0.35-7.148822) 0.61

Sepsis 2.79 (2.31-3.38) <0.001

Intestinal abscess 2.29 (1.28-4.09) 0.005
OR, odds ratio; LOS, length of stay; ICU, intensive care unit

Treatment modalities

Balloon dilation and Intestinal resection

Among CD patients with intestinal obstruction, the 
total number of interventions was 29,780, with balloon 
dilation and intestinal resection being 2,070  (7%) and 

27,710  (93%), respectively. The likelihood of requiring 
surgical or endoscopic intervention among CD patients 
with intestinal obstruction was 19.69%, compared to 9.56% 
for those without obstruction (aOR 2.24, 95%CI 2.07-2.44; 
P<0.001).

After adjusting for confounding factors, patients with 
intestinal obstruction were 1.5 times more likely to undergo 
balloon dilation compared to those without obstruction (aOR 
1.50, 95%CI 1.132-1.98; P=0.005). No significant predictors 
for increased risk of balloon dilation were identified (Fig. 5). 
Furthermore, intestinal resection was more than twice as 
likely in patients with intestinal obstruction compared 
to those without (aOR 2.29, 95%CI 2.11-2.49; P=0.005). 
Independent predictors of increased risk for intestinal 
resection included malnutrition (aOR 1.52, 95%CI 1.20-
1.95; P=0.001), colon cancer (aOR 7.12, 95%CI 1.76-28.83; 
P=0.006), and morbid obesity (aOR 1.93, 95%CI 1.34-2.82; 
P=0.001). The procedure was also more frequently performed 
in large teaching hospitals (aOR 1.58, 95%CI 1.28-1.96; 
P=0.005) and in males (aOR 2.29, 95%CI 2.11-2.49; P=0.001). 
Fig.  6 provides detailed predictors for the increased risk of 
intestinal resection.

Discussion

Our study included 304,149  patients diagnosed with CD, 
of whom 27,024 experienced intestinal obstruction. This 
subgroup had a significantly higher in-hospital mortality rate 
(3.9%) compared to patients without obstruction (1.8%). They 
also faced longer hospital stays and higher resource utilization, 
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Figure 3 Predictors of Intensive Care Unit Admission in Crohn’s disease patients with Intestinal obstruction
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Figure 4 Predictors of intubation in Crohn’s disease patients with intestinal obstruction

with patients experiencing obstruction having higher average 
hospital costs.

The prevalence of intestinal obstruction in CD, as observed 
in our study, is consistent with findings reported by Aniwan 
et al [3] and Torres et al [4], who noted an increasing trend 
in hospitalizations for CD, with a significant portion of these 
cases requiring surgical intervention because of stricturing 
or penetrating disease. This phenomenon underscores the 

transmural nature of CD, which inherently predisposes patients 
to develop strictures that can lead to obstruction [9,10]. Our 
analysis also highlights that white males, particularly those 
insured by Medicaid or private insurance, are more frequently 
diagnosed with intestinal obstruction. This observation 
suggests that demographic and socioeconomic factors may be 
at play, potentially influencing the progression of the disease 
and/or access to healthcare services [11,12].
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Figure 5 Predictors of balloon dilation in Crohn’s disease patients with intestinal obstruction
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Figure 6 Predictors of intestinal resection in Crohn’s disease patients with intestinal obstruction

Our findings also reveal that intestinal obstruction in 
CD is associated with significant increases in in-hospital 
mortality, ICU admissions, and the need for parenteral 
nutrition, reinforcing the severity of this complication. 
Previous reports have highlighted the progression towards 
complications requiring surgical intervention in up to 
70% of CD patients over their disease course [13-15]. 
This is mirrored in our findings, where the necessity for 

interventions such as balloon dilation and intestinal resection 
was significantly more common in patients with intestinal 
obstruction, underscoring the critical role of timely and 
aggressive management strategies to mitigate complications 
and improve outcomes [16,17].

Our study showed no significant difference in the 
occurrence of fissures and fistulas between CD patients with 
and without intestinal obstruction. This contrasts with previous 
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assumptions that structural complications in CD are closely 
linked with penetrating ones [18]. Our observations align 
with recent studies advocating for personalized care in CD, 
challenging the conventional correlation between structural 
and penetrating complications [19,20].

Our study had some limitations. First, the retrospective 
design of our study meant that the exposure was not fully 
randomized. We relied on multivariate regression models to 
account for confounding factors [21,22]. We also controlled 
for the different characteristics at the patient and hospital level, 
which further reduces the likelihood of confounding. Second, 
an administrative database was analyzed to obtain the data. 
The lack of detailed clinical information in such databases 
limits the ability to identify specific causes of mortality. Using 
ICD-10 codes instead of clinical parameters may lead to 
misclassification of diagnoses. ICD-10-CM codes were used 
to derive the data, which are more specific than ICD-9-CM 
and have shown high sensitivity and specificity in the study of 
gastrointestinal disorders [23].

Our study also had several strengths. We used the NIS, 
which includes data on patients with diverse hospital-level 
characteristics from more than 45 states. This results in 
superior external validity and generalizability; therefore, 
we believe the results obtained should reflect the patient 
population admitted to hospitals in the USA [24]. In 
addition, the NIS eliminates the common limitation of 
single-center studies by allowing a large sample size, as it is 
the largest publicly available, all-payer database that includes 
an inpatient population. Propensity matching is a powerful 
tool in analyzing administrative databases and helps 
control for confounding by indication [25]. It uses a wide 
range of empirically derived covariates that are surrogates 
for unmeasured confounding variables while comparing 
cases with controls [26,27]. Using nationally representative 
data in our study eliminated the biases associated with 
single-  or multicenter studies. Similarly, the differentiated 
variables in the database provided the opportunity to 
account for elements such as estimated household income, 
hospitalizations, costs, and hospital factors, which is usually 
not possible in single-center studies. The findings of this 
study have important clinical implications, suggesting 
a potential paradigm shift in the management of CD, 
with early surgical intervention before complications 
like intestinal obstruction occur. Early identification and 
aggressive treatment strategies could potentially improve 
patient outcomes and quality of life [28].

In conclusion, our study underscores the severe burden 
of intestinal obstruction in patients with CD, not only in 
terms of clinical outcomes but also regarding healthcare 
resource utilization. It calls for a multidisciplinary approach 
to management that includes early identification, aggressive 
medical therapy, and, when necessary, surgical intervention 
to prevent complications. Our findings support the need for 
ongoing research into more effective treatments to mitigate 
the risk of obstruction in CD and improve patient care and 
outcomes.
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Summary Box

What is already known:

•	 Crohn’s	 disease	 (CD)	 is	 a	 chronic	 inflammatory	
condition that increases the risk of developing 
intestinal obstruction (IO)

•	 IO	 is	 a	 severe	 complication	 of	 CD,	 leading	 to	
significant morbidity and often requiring medical 
or surgical intervention

•	 Hospitalizations	 for	 CD	 are	 increasing,	 with	 IO	
being one of the leading causes of admission

•	 Approximately	 70%	 of	 CD	 patients	 will	 require	
surgery to manage complications such as 
stricturing or penetrating disease

What the new findings are:

•	 CD	 patients	 with	 IO	 have	 significantly	 higher	 in-
hospital mortality rates compared to those without IO

•	 Patients	with	 IO	experience	 longer	hospital	 stays	
and incur higher hospitalization charges

•	 The	 need	 for	 intensive	 care	 and	 surgical	
interventions, such as intensive care unit 
admission, intubation, balloon dilation, and 
intestinal resection, is significantly higher in CD 
patients with IO

•	 Independent	 predictors	 of	 increased	 mortality	
in CD patients with IO include anemia, 
malnourishment, and higher Charlson 
comorbidity index score
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