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Abstract

Introduction Despite advances in medical therapy, approximately 33% of Crohn’s disease (CD) patients will need surgery
within 5 years after initial diagnosis. Several surgical approaches to CD have been proposed including small bowel resection,
strictureplasty, and combined surgery with resection plus strictureplasty. Here, we utilize the American College of Surgeons
(ACS) national surgical quality registry (NSQIP) to perform a comprehensive analysis of 30-day outcomes between these
three surgical approaches for CD.

Methods The authors queried the ACS-NSQIP database between 2015 and 2020 for all patients undergoing open or lapa-
roscopic resection of small bowel or strictureplasty for CD using CPT and IC-CM 10. Outcomes of interest included length
of stay, discharge disposition, wound complications, 30-day related readmission, and reoperation.

Results A total of 2578 patients were identified; 87% of patients underwent small bowel resection, 5% resection with stric-
tureplasty, and 8% strictureplasty alone. Resection plus strictureplasty (combined surgery) was associated with the longest
operative time (p =0.002). Patients undergoing small bowel resection had the longest length of hospital stay (p=0.030) and
the highest incidence of superficial/deep wound infection (44%, p=0.003) as well as the highest incidence of sepsis (3.5%,
p=0.03). Small bowel resection was found to be associated with higher odds of wound complication compared to combined
surgery (OR 2.09, p=0.024) and strictureplasty (1.9, p=0.005).

Conclusion Our study shows that various surgical approaches for CD are associated with comparable outcomes in 30-day
related reoperation and readmission, or disposition following surgery between all three surgical approaches. However, small
bowel resection displayed higher odds of developing post-operative wound complications.
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Introduction

Crohn’s disease (CD) is a chronic inflammatory bowel
disease that can affect any region of the gastrointestinal
tract from the oropharynx to the anus. It is characterized
by inflammatory skip lesions that can produce transmural
inflammation along the digestive system. CD can be further
categorized into three phenotypic presentations via imaging,
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endoscopy, and clinical presentation: inflammatory, pene-
trating, and fibro-stenotic. Secondary to CD phenotype, a
number of GI pathologies can present in patients includ-
ing intestinal thickening, abscess, fistula, stricture, bowel
obstruction, and bowel perforation [1].

Generally, first-line treatment for CD is medical therapy.
Medications are used to address the autoimmune nature
of CD via chronic immunosuppression. Medications used
include glucocorticoids, biologic monoclonal antibodies
(anti-tumor necrosis factor (TNF), anti-integrin, or anti-inter-
leukins), and immunomodulators (methotrexate, 6-mecap-
topurine, azathioprine) [2]. Notably, monoclonal antibodies
have become the foundation of treatment along with gluco-
corticoids. Patients with moderate-severe disease have shown
response rates of 86% for biologics within 5-7 days of treat-
ment after inadequate response to 5—7 days of glucocorticoids
[3]. Medical therapy aims to decrease probability/severity
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of relapse in patients with quiescent disease and establish
remission/decrease severity with patients with active disease.
However, a drawback of biologic therapy is increased risk
of infection due to immune suppression, with an odds ratio
(OR) of 1.2 for any infection and OR of 1.9 for opportunistic
infection vs. common comparator-placebo group [4].
Nevertheless, despite advances in medical therapy and
treatment guidelines that aim to avoid surgery, 33% of
Crohn’s patients will need surgery 5 years after initial diag-
nosis. Forty-seven percent will need surgery at 10 years [5].
Inflammatory phenotype of CD resulting in severe acute
colitis (> 6 stools/day and systemic inflammatory response
syndrome (SIRS)) not responding to medical therapy, and
signs of bowel perforation, or impending perforation requires
surgical intervention [6]. In these cases, bowel resection
aims to remove diseased bowel and preserve normal bowel.
There is no observed benefit when removing microscopically
negative margins vs. limited resections in CD [7].
Penetrating phenotype of CD can result in abscess forma-
tion, fistulas, and free perforation [8§—10]. Abscess formation
in setting of CD can be treated with a combination of antibiot-
ics, percutaneous drainage, and bowel resection, depending on
clinical presentation [9]. Fistulas are approached initially with
medical (anti-TNF) therapy, resulting in 50% of fistula resolu-
tion, while 47% of patients required additional surgical resec-
tion within 5 years [11]. Penetrating phenotype with free per-
foration should be surgically treated with bowel resection [8].
Fibro-stenotic phenotype can result in fibrotic strictures
anywhere along the intestinal tract and subsequently cause
bowel obstruction. The initial approach for fibro-stenotic stric-
tures is endoscopic dilation. Endoscopic dilation is utilized
in the absence of fistula/penetrating disease and indicated
for short segment (<5 cm) strictures [12]. Success rates for
endoscopic stricture dilation are nearly 90%; however, repeat
endoscopic dilation is required in the majority of patients in
the following 5 years [13]. For fibro-stenotic strictures that are
not amenable to endoscopic dilation, surgical intervention is
utilized. Resection or strictureplasty can be considered.
Compared to resection, strictureplasty is useful in pre-
serving bowel length and maintaining absorptive ability,
particularly in patients at risk for short-bowel syndrome. It
is also favored in patients with multiple strictures separated
by lengths normal of small bowel. Strictureplasty should
be avoided in bowel regions of active inflammation, perfo-
ration, poor nutritional status, dysplasia, and malignancy
[14, 15]. There are three common approaches to stricture-
plasty: Heineke-Mikulicz, Finney, and isoperistaltic side-
to-side strictureplasty used for strictures that are <10 cm,
10-15 cm, and >25 cm in length, respectively. After stric-
tureplasty, 90% of CD recurrence occurs at sites distant to
strictureplasty with a 3% site-specific recurrence. Several
centers have even shown complete endoscopic disease
remission at earlier strictureplasty sites [16].
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Although strictureplasty involves notable advantages,
it does have a relatively narrower “use-case” compared to
resection in CD. It is utilized primarily for fibro-stenotic
strictures not amenable to endoscopic dilation and without
the contraindications outlined previously. Strictureplasty is
not utilized to resolve inflammatory or penetrating presenta-
tions for CD [6].

Early post-operative complications arising from stricture-
plasty are similar to complications of bowel resection. Com-
plications include wound infection, abscess, sepsis, anas-
tomotic leak, perforation, enterocutaneous fistula, luminal
bleeding, and early reoperation at an estimated combined
rate of 13% [17-19]. Often strictureplasty and resection will
be utilized in combination to address the presentation of CD
in the operating room [19].

Although many studies have described ileocecectomy
and colon resection, far fewer have evaluated surgical inter-
vention on other regions of the small bowel, especially
strictureplasty.

On this topic, there have been several institutional studies
and systematic reviews and meta-analysis that have evalu-
ated outcomes of strictureplasty in CD [5, 20-25]. However
only one systematic review and meta-analysis included in-
study comparisons to outcomes of resection [24]. Similarly,
several NSQIP (National Surgery Quality Improvement)
database centered studies of CD resection have focused
on comparison of open vs. laparoscopic approach to small
bowel resection and pre-operative factors that predict nega-
tive outcomes [18, 26-30]. However, these NSQIP studies
did not include a comparison with strictureplasty in their
analysis.

Here, we aim to perform a comprehensive analysis of
30-day outcomes of patients undergoing surgery for CD
using the NSQIP database comparing small bowel resection
(SBR), strictureplasty (SPX), or combined surgery (small
bowel resection + strictureplasty, CSX).

Methods
Data source

The National Surgical Quality Improvement Program
(NSQIP) database was used. NSQIP contains patients
nationwide aggregate data without hospital, provider, or
patient-specific identifiers [31]. NSQIP participant user files
for the years 2015-2020 were queried. We excluded years
prior to International Classification of Diseases 10 (ICD-10)
code use due to the ability to precisely identify intestinal
obstruction secondary to CD with ICD-10. NSQIP is a de-
identified database, therefore Institutional Review Board
(IRB) review was neither sought nor required.
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Patient population

Patients with a diagnosis code of K50.0 through K50.9
undergoing open small bowel resection (Current Procedural
Terminology (CPT) code 44,120; 44,125; 44,130), mini-
mally invasive small bowel resection (CPT code 44,202),
or strictureplasty (CPT code 44,615) were selected. Patients
were divided based on the operative approach: bowel resec-
tion only, strictureplasty only, and bowel resection with
strictureplasty (combined surgery). Patients who underwent
ileocecectomy were excluded. A total of 2578 patients were
identified.

Covariates

Demographic factors were compared between the three
operative groups: age, sex, body mass index (BMI), and
race. Patient’s past medical history included hypertension
(HTN), smoking status, pre-operative use of corticosteroids,
diabetes mellitus (DM), dyspnea, history of cancer, diag-
nosis of chronic obstructive pulmonary disease (COPD),
ascites, functional status, weight loss (> 10% in 3 months
preceding), bleeding disorder, ASA physical status class,
and anemia. We also reported modified frailty index (mFI)
for each patient. mFI is computed using five variables: func-
tional status, diabetes, hypertension requiring medication,
history of COPD, and history of CHF. The presence of these
factors constitutes a score of 1, and all component scores
are added together to calculate a total score. The mFI scores
were grouped as 0, 1, or > 2.

Outcomes of interest

Perioperative and 30-day post-operative outcomes
included surgery as elective or emergent, laparoscopic,
operative time, hospital length of stay, wound classifica-
tion, surgical site infection ([SSI] as superficial, deep, and
organ/space), sepsis, septic shock, hospital transfer status,
ventilator use, transfusion, discharge disposition, 30-day
related readmission, and 30-day related reoperation.

Statistical analyses

Categorical variables were compared among the groups
using chi-square or Fischer’s exact test, while numeric
variables were compared among the three groups using
ANOVA (parametric) or Kruskal-Wallis (non-parametric)
test. Analysis was performed to assess impact of surgical
procedure among all demographic and clinical characteris-
tics including age group, sex, DM, BMI, weight loss, ster-
oid use, ASA class, elective or emergent status, operative

time, laparoscopic vs. open procedure, and hospital length
of stay.

Results
Demographic and comorbidity characteristics

A total of 2578 patients were identified: 2245 patients (87%)
underwent SBR, 125 patients (5%) underwent CSX, and
208 (8%) patients underwent SPX. Patients who underwent
all types of surgery more likely to be younger compared to
the older cohort (46%, 42%, and 12% for age 18-40, 41-65,
and 65+, respectively, Table 1). Patients undergoing SBR
were more likely to have higher BMI compared to CSX and
SPX groups (Table 1). African American patients were less
likely to receive SPX compared to white patients (4.2% vs.
9%, Table 1). Patients undergoing CSX were less likely to
have HTN (8%) compared to SBR (18.2%) and SPX groups
(15.4%, Table 1). All groups had different rates of smok-
ing: 20.3% for SBR, 6.4% for CSX, and 13.5% for SPX
(Table 1). Patients undergoing CSX were the most likely to
be on steroids (72%), followed by SPX (69.2%), and finally
SBR (56.1%, Table 1). Lastly, patients undergoing SBR
were more likely to have mFI of >2 (2.4%, n=54/2245)
compared to those undergoing SPX (0.5%, n=1/208) and
CSX (n=0/125, Table 1).

No significant associations were found for CD surgery
SBR, SPX, CSX cohorts and a previous diagnosis of DM,
dyspnea, previous disseminated cancer, COPD, ascites,
weight loss, bleeding disorder, ASA class, anemia, and class
of functional status (Table 4).

Hospital and 30-day outcomes

Patients undergoing elective procedure were more likely
to undergo CSX (80%) or SPX (79.8%), compared to SBR
(65.6%, Table 2). Laparoscopic approach was used in
100% of patients undergoing SPX, 81.6% patients under-
going CSX and 72.2% of SBR (Table 2). Patients under-
going CSX had the longest operative time (209.6 min),
followed by SPX (198.6 min), and SBR (182.5 min)
(Table 2). Patients undergoing SBR had the longest length
of stay (8.8 days), followed by CSX (7.8 days) and SPX
(7.5 days, Table 3). Patients undergoing SBR had a higher
rate of contaminated and dirty wounds (44%) compared
to CSX (34%, Table 2). Patients undergoing SBR had a
higher incidence of sepsis (3.5%) compared to SPX only
(1.4%) and CSX (0%, Table 2).

No significant associations were found for CD surgery
SBR, SPX, CSX cohorts and transfer status, ventilator use,
transfusion, superficial SSI, deep SSI, organ/space SSI,
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Table 1 Demographic characteristics and comorbidities

Resection only

Resection with stricture-

Strictureplasty only p-value

(n=2245) plasty (n=125) (n=208)

Age Mean (std) 44.8 (16.1) 41.0 (14.4) 43.1 (15.2) 0.016
Range 18-90 18-78 18-82

Age groups (%) 18-40 1009 (44.9) 71 (56.8) 108 (51.9) 0.013
41-65 949 (42.3) 47 (37.6) 80 (38.5)
65+ 287 (12.8) 7 (5.6) 20 (9.6)

Sex (%) Female 1050 (46.8) 52 (41.6) 98 (47.1) 0.522
Male 1195 (53.2) 73 (58.4) 110 (52.9)

BMI (%) Mean (SD) 25.127 (6.1) 23.214 (4.7) 23.924 (5.6) <0.001
Range 12.8-65.1 15.8-51.5 13.5-52.7
n missing 37 0 1

Race (%) American Indian or Alaska Native 4 (100) 0 0 <0.001
Asian 27 (84) 4(13) 1(3)
African American 202 (92) 8 (3.6) 94.1)
Native Hawaiian or Pacific Islander 3 (100) 0 0
White 1681 (85.4) 107 (5.4) 179 (9.1)
Unknown 328 (93.2) 51.4) 19 (5.4

Hypertension(%) No 1837 (81.8) 115 (92.0) 176 (84.6) 0.010
Yes 408 (18.2) 10 (8.0) 32 (15.4)

Smoker (%) No 1789 (79.7) 117 (93.6) 180 (86.5) <0.001
Yes 456 (20.3) 8(6.4) 28 (13.5)

Steroid (%) No 986 (43.9) 35 (28.0) 64 (30.8) <0.001
Yes 1259 (56.1) 90 (72.0) 144 (69.2)

mFI group (%) 0 1766 (79.0) 111 (88.8) 175 (84.1) 0.012
1 416 (18.6) 14 (11.2) 32 (15.4)
>2 54 (2.4) 0 1(0.5)

Table2 Summary of ho

spital stay and 30-day outcomes

Resection only (n
= 2245)

Resection with stricture-
plasty (n = 125)

Strictureplasty only  p-value
(n =208)

Elective surgery(%)

Laparoscopic procedure(%)

Operative time

Hospital length of stay

Wound classification(%)

Sepsis(%)

Unknown

No

Yes

Yes

No

Mean (std)
Range
Unknown

Mean (std)
Range

1-Clean
2-Clean/contaminated
3-Contaminated
4-Dirty/infected
No

Yes

3(0.1)
770 (34.3)
1472 (65.6)
1621 (72.2)
624(27.8)
182.5 (101.4)
5-979

26

8.8 (8.4)
0-104

22 (1.0)

1234 (55.0)
541 (24.1)
448 (20.0)
2167 (96.5)
78 (3.5)

0

25 (20.0)
100 (80.0)
102 (81.6)
23 (18.4)
209.6 (95.4)
40-585

1

7.8 (7.4)
1-63
1(0.8)

81 (64.8)
28 (22.4)
15 (12.0)
125 (100)
0

1(0.5) < 0.001
41 (19.7)
166 (79.8)
208 (100)
0

198.6 (93.0)
17-692

3 0.030
7.5 (4.9)
0-29
1(0.5)
125 (60.1)
62 (29.8)
20 (9.6)
205 (98.6)
3(1.4)

< 0.001

0.002

0.003

0.033
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Table3 Summary of hospital stay and 30-day outcomes of all three surgical approaches

Covariate

Wound complication 30-day-related reop-

OR [95% CI] (p-value)

eration

30-day-related read-
mission

Prolonged length of
stay

Routine discharge

Group: small bowel
resection only vs.
combined procedure

Group: strictureplasty
only vs. combined
procedure

Group: strictureplasty
only vs. small bowel
resection only

Emergency vs. elec-
tive

Laparoscopic proce-
dure

Operative time

Any wound complica-
tion

Prolonged length of
stay

Age groups = 41-65
vs. 18-40

Age groups = 65+ vs.

18-40
Male vs. female
Diabetes
BMI
Smoker
Weight loss

Steroid use

High ASA

2.09 [1.10-3.97]
(0.024)

1.02 [0.46-2.22]
(0.970)

0.52[0.32-0.81]
(0.005)

1.24 [0.84-1.83]
(0.284)

0.42 [0.30-0.59] (<
0.001)

1.002 [1.001-1.003]
(< 0.001)

1.07 [1.06-1.09] (<
0.001)

0.89 [0.69-1.15]
(0.369)

0.82 [0.56-1.21]
(0.323)

0.89 [0.71-1.12]
(0.310)

0.83 [0.44-1.56]
(0.558)

1.01 [0.99-1.03]
(0.278)

1.06 [0.80-1.41]
(0.684)

1.31 [0.93-1.85]
(0.127)

1.18 [0.93-1.49]
(0.176)

1.07 [0.83-1.36]
(0.607)

0.74 [0.27-2.02]
(0.555)

0.98 [0.28-3.42]
(0.978)

0.92[0.49-1.7]
(0.786)

0.95 [0.49-1.86]
(0.881)

1.38 [0.80-2.39]
(0.251)

1.00 [1.00-1.00]
0.11)

16.98 [10.81-26.67]
(< 0.001)

1.07 [1.05-1.09] (<
0.001)

1.24 [0.79-1.94]
(0.345)

0.82 [0.40-1.68]
(0.590)

1.19 [0.79-1.78]
(0.415)

1.13 [0.36-3.51]
(0.836)

1.00 [0.97-1.04]
(0.823)

1.13 [0.69-1.85]
(0.640)

0.37 [0.18-0.77]
(0.008)

1.30 [0.85-1.98]
(0.226)

0.76 [0.49-1.19]
(0.231)

1.54 [0.74-3.18]
(0.245)

1.15[0.48-2.77]
(0.748)

0.71 [0.44-1.14]
(0.157)

1.23 [0.77-1.98]
(0.385)

0.90 [0.64—1.26]
(0.533)

1.002 [1.001-1.003]
(0.019)

6.80 [5.08-9.10] (<
0.001)

0.97 [0.96-0.99]
(0.004)

1.10 [0.82-1.46]
(0.537)

0.93 [0.59-1.45]
(0.741)

0.79 [0.60-1.02]
(0.072)

1.20 [0.62-2.30]
(0.584)

1.01 [0.99-1.04]
(0.180)

1.04 [0.74—1.44]
(0.838)

0.99 [0.64—1.52]
(0.952)

1.24 [0.95-1.63]
(0.119)

1.19 [0.90-1.58]
(0.230)

1.47 [0.92-2.36]
(0.108)

1.21 [0.69-2.12]
(0.512)

0.60 [0.44-0.80]
(0.031)

2.63 [1.91-3.64] (<
0.001)

0.55 [0.43-0.71]
(< 0.001)

1.002 [1.001-1.003]
(< 0.001)

2.85[2.25-3.61] (<
0.001)

0.94 [0.76-1.16]
(0.587)

1.12 [0.83-1.52]
(0.464)

1.01 [0.84-1.22]
(0.922)

0.86 [0.52-1.42]
(0.547)

0.98 [0.97-1.00]
(0.045)

1.22 [0.97-1.54]
(0.095)

2.14[1.61-2.85] (<
0.001)

1.02 [0.84-1.24]
(0.845)

1.80 [1.48-2.20] (<
0.001)

0.36 [0.05-2.80]
(0.328)

0.50 [0.05-5.21]
(0.565)

1.3 [0.58-3.1] (0.490)

0.84 [0.40-1.77]
(0.652)

1.87 [0.82-4.29]
(0.139)

1.00 [1.00-1.00]
(0.173)

0.55 [0.32-0.96]
(0.035)

0.93 [0.92-0.95] (<
0.001)

0.42 [0.21-0.87] (<
0.001)

0.11 [0.05-0.23]
(0.019)

1.35 [0.81-2.23]
(0.246)

0.81 [0.32-2.03]
(0.651)

0.97 [0.93-1.01]
(0.153)

1.41 [0.72-2.75]
(0.312)

0.47 [0.24-0.92]
(0.028)

1.21 [0.73-2.00]
(0.456)

0.64 [0.35-1.18]
(0.155)

septic shock, discharge disposition, 30-day related readmis-
sion, and 30-day related reoperation (Table 5).

Covariate analysis
Incidence of any wound complication

We grouped all wound complications including superficial,
deep, and organ/space SSI under “any wound complica-
tion.” SBR compared to CSX (OR 2.09) and SPX (OR 1.9)
was associated with increased odds of wound complica-
tion (Table 3). Other factors associated with higher odds of
wound complication included longer hospital stay (OR 1.07)

and longer procedure time, although narrowly (OR 1.002).
Additionally, laparoscopic procedures had lower odds of
wound complication (OR 0.42, Table 3).

30-Day related reoperation

We did not find an association between procedure type
(SBR, CSX, SPX) and incidence of 30-day related reopera-
tion. A minor factor associated with a higher rate of 30-day
related reoperation was longer length of stay (OR 1.07). A
major factor was incidence of a wound complication (OR
16.98). Weight loss was negatively associated with 30-day
related operation rate (0.37, Table 3).
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Table 4 Pertinent negatives for demographic characteristics and comorbidities

Resection only (n  Resection with stricture-  Strictureplasty only  p-value
= 2245) plasty (n = 125) (n=208)

Diabetes(%) Insulin 46 (2.0) 1(0.8) 2(1.0) 0.306
Non-insulin 51(2.3) 1(0.8) 2(1.0)
No diabetes 2148 (95.7) 123 (98.4) 204 (98.1)

Dyspnea(%) At rest 5(0.2) 0(0) 0(0) 0.397
Moderate exertion 56 (2.5) 1(0.8) 2(1.0)
No 2184 (97.3) 124 (99.2) 206 (99.0)

Disseminated cancer(%) No 2239 (99.7) 125 (100) 208 (100) 0.640
Yes 6(0.3) 0(0) 0(0)

COPD(%) No 2201 (98.0) 124 (99.2) 208 (100) 0.084
Yes 44 (2.0) 1(0.8) 0(0)

Ascites(%) No 2240 (99.8) 124 (99.2) 207 (99.5) 0.402
Yes 5(0.2) 1(0.8) 1(0.5)

Functional status(%) Independent 2208 (98.4) 123 (98.4) 208 (100) 0.579
Partially dependent 23 (1.0) 2 (1.6) 0(0)
Totally dependent 5(0.2) 0(0) 0(0)
Unknown 9(0.4) 0(0) 0(0)

Weight loss(%) No 1998 (89.0) 111 (88.8) 188 (90.4) 0.823
Yes 247 (11.0) 14 (11.2) 20 (9.6)

Bleeding disorder(%) No 2190 (97.6) 125 (100) 202 (97.1) 0.188
Yes 55(2.4) 0(0) 6(2.9)

ASA class(%) 1-No disturb 25 (1.1) 1(0.8) 3(1.4) 0.222
2-Mildly disturb 1157 (51.5) 72 (57.6) 110 (52.9)
3-Severe disturb 992 (44.2) 52 (41.6) 92 (44.2)
4-Life threat 65 (2.9) 0(0) 2(1.0)
5-Moribund 5(0.2) 0(0) 0(0)
None assigned 1(0) 0(0) 1(0.5)

Anemia(%) No anemia 1207 (53.8) 71 (56.8) 105 (50.5) 0.668
Mild anemia 703 (31.3) 35 (28.0) 74 (35.6)
Moderate/severe anemia 335 (14.9) 19 (15.2) 29 (13.9)

30-Day related readmission

We did not find an association between procedure type
(SBR, CSX, SPX) and incidence of 30-day related read-
mission. Minor factors associated with 30-day related
reoperation included longer operative time (OR 1.002) and
shorter hospital stay (OR 0.97). A major factor in 30-day
readmission was incidence of a wound complication (OR
6.8, Table 3).

Length of stay

For the purpose of this analysis, “prolonged length of stay”
was defined as length of stay longer than 75th percentile
for all CD surgical cohorts: 9.5 days. SPX compared to
SBR had lower odds of prolonged hospital stay (OR 0.60).
Factors associated with prolonged length of stay included
emergency admission (OR 2.63), wound complications

@ Springer

(OR 2.85), presence of weight loss (OR 2.14), higher ASA
category (OR 1.8), and longer operative time (OR 1.002).
Laparoscopic procedures and a BMI class (>25 kg/m?) were
associated with lower odds of prolonged length of stay (OR
0.55 and OR 0.98, respectively, Table 3).

Disposition following surgery

For the purpose of this analysis “home routine” and “facility
which was home” were grouped together under “routine.”
All other categories were grouped under “non-routine.” We
did not find any association between procedure type (SBR,
CSX, SPX) and discharge disposition. Factors found to be
associated with lower odds of routine discharge included
older age (OR 0.42 for age 41-65 vs. 18-40, OR 0.11 for
age 65+ vs. 18-40), weight loss (OR 0.47), longer length
of stay (OR 0.93), and incidence of a wound complication
(OR 0.55, Table 3).
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Table 5 Pertinent negatives for hospital stay and 30-day outcomes

Resection Resection with stric-  Strictureplasty  p-value
only (n = tureplasty (n = 125) only (n = 208)
2245)
Transfer status(%) From acute care hospital inpatient 86 (3.8) 2(1.6) 9(4.3) 0.576
Admitted from home 2095 (93.3) 121 (96.8) 198 (95.2)
Nursing home, intermediate, or chronic care 7 (0.3) 1(0.8) 00
Outside emergency department 45 (2.0) 1(0.8) 1(0.5)
Transfer from other 10 (0.4) 0(0) 00
Ventilator(%) No 2238 (99.7) 125 (100) 208 (100) 0.594
Yes 7(0.3) 0(0) 0(0)
Transfusion(%) No 2217 (98.8) 125 (100) 206 (99.0) 0.431
Yes 28 (1.2) 0(0) 2 (1.0)
Superficial SSI(%) No complication 2153 (95.9) 122 (97.6) 204 (98.1) 0.204
Superficial SSI 92 (4.1) 3(2.4) 4(1.9)
Deep SSI(%) No 2143 (95.5) 123 (98.4) 204 (98.1) 0.066
Yes 102 (4.5) 2 (1.6) 4(1.9)
Organ/space SSI(%) No 2015 (89.8) 117 (93.6) 195 (93.8) 0.077
Yes 230 (10.2) 8(6.4) 13 (6.2)
Septic shock(%) No 2222 (99.0) 125 (100) 208 (100) 0.179
Yes 23 (1.0) 0(0) 0(0)
Discharge destination(%) n-miss 20 1 2 0.961
Against medical advice 3(0.1) 0(0) 0(0)
Expired 10 (0.4) 1(0.8) 0(0)
Facility which was home 11 (0.5) 1(0.8) 1(0.5)
Home 2128 (95.6) 121 (97.6) 202 (98.1)
Hospice 1(0) 0 (0) 0(0)
Rehab 22 (1.0) 0(0) 2 (1.0)
Separate acute care 10 (0.4) 0 (0) 0(0)
Skilled care, not home 39 (1.8) 1(0.8) 1(0.5)
30-day related readmission(%) No 1952 (86.9) 116 (92.8) 188 (90.4) 0.067
Yes 293 (13.1) 9(7.2) 20 (9.6)
30-day related reoperation(%) No 2116 (94.3) 119 (95.2) 197 (94.7) 0.879
Yes 129 (5.7) 6 (4.8) 11(5.3)

Discussion

In our study, we sought to compare the 30-day outcomes of
patients undergoing surgery for CD including small bowel
resection (SBR), combined surgery (CSX, small bowel
resection + strictureplasty), and strictureplasty (SPX) using
the NSQIP database. The following outcomes of interest
were evaluated for all three surgical techniques: 30-day
related reoperation or readmission, routine discharge, wound
complication, and prolonged length of stay.

Measured outcomes for all three surgical techniques were
comparable for 30-day related reoperation and readmission.
Likewise, all three surgical approaches showed similar out-
comes for patient disposition on hospital discharge.

Patients undergoing SBR for CD showed greater odds of
any wound complication and sepsis versus CSX and SPX.

However, we also found pre-operative clinical characteristics
in SBR cohort that are typically associated with worse sur-
gical outcomes. These factors include a significantly higher
rate of smoking, HTN, mFI score, surgical wound classifi-
cation, and a significantly lower rate of elective procedure,
laparoscopic approach, and pre-operative glucocorticoid use.
The deleterious effect of smoking on CD has been well
established. Seksik et al. [32] showed smoking increases
time with active CD from for non-smokers (33%) compared
to active smokers (41%). A 10-year follow-up in CD patients
found that smokers had a threefold increased risk of surgery
compared to non-smokers [33]. The effect of smoking status
on surgical outcomes of CD surgery is however less clear.
A previous NSQIP study evaluating the effect of smok-
ing status in SBR for CD showed a positive association
between smoking and increased morbidity via infectious
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and pulmonary complications (OR 1.3 and 1.87, respec-
tively) [34]. A strength of our analysis is the inclusion
of CSX and SPX in addition to SBR surgery in Crohn’s
patients. Our NSQIP analysis however does not demon-
strate a significant relationship between smoking status
and negative surgical outcomes for any of the three surgi-
cal techniques. This discrepancy suggests smoking status
alone is not significantly contributory to negative surgi-
cal outcomes in CD. However, when combined with other
comorbidities such as >2 mFI, HTN, and lower rates of
pre-operative steroids and elective and laparoscopic sur-
gery, it increases risk of wound complications and pro-
longs hospital stay.

A higher mFI score in the SBR cohort demonstrates
higher pre-operative morbidity. A 2018 systematic review
and meta-analysis of 16 studies across surgical disciplines
with 683,487 patients found frail patients were more likely
to experience wound complications (relative risk, RR 1.52),
readmission (RR 1.61), discharge to skilled care (RR 2.15),
and mortality (RR 4.19) [35]. Our study confirms two of
these findings in relation to wound complications and pro-
longed hospital stay in association to increased frailty, but
we do not observe increased rates of discharge to skilled
care, 30-day related reoperation or readmission in CD
patients undergoing surgery.

Odds of adverse outcomes in emergency surgery have
been well established in the literature, generally an increase
in the odds of any complication [36]. In our analysis, the
association of emergency vs. elective procedure in all three
types of CD surgery only show a significant association with
prolonged length of stay. This is in contrast to emergency
surgery being associated with a 40% increase in overall com-
plications versus elective surgery for CD bowel resection in
a recent systematic review and meta-analysis [37].

Glucocorticoids are some of the most commonly used
medications in patients with high disease activity and severe
colitis in CD [6]. Nonetheless, pre-operative use of gluco-
corticoids is a known risk factor for negative outcomes after
bowel surgery in a dose-dependent manner and therefore
pre-operative optimization involves weaning of steroids [38].
In our analysis, CSX and SPX cohorts have a similar rate of
elective surgery of approximately 80% compared to 65% in
SBR. We propose a lower rate of pre-operative steroid use
is secondary to lower rate of elective surgery in SBR cohort.
This is likely due to the high probability of surgical interven-
tion on admission (Tables 4 and 5).

Hence, the SBR cohort differed along several confound-
ing comorbidity characteristics compared to CSX and SPX.
We therefore elaborate that the listed confounding variables,
and not SBR surgical approach, predisposed these patients
to higher rates of wound complication, prolonged length of
stay, and higher rates of sepsis. Demographic characteristics
and comorbidities, hospital course, and 30-day outcomes
differ significantly between all three surgical approaches to
CD are summarized in Table 6.

We also found that African American patients undergo
SPX at half the rate of White patients. This may be reflec-
tive of a racial disparity. Previous studies have demonstrated
disparities in terms of both access to less invasive surgical
options as well as in terms of outcomes for African Ameri-
can patients for common gastrointestinal surgical disease.
Wood et al. [39] queried the NSQIP 2016 Participant Use
Data File for all general surgical procedures and found Afri-
can Americans patients were 11% less likely to undergo a
laparoscopic procedure compared to White patients. An
ACS-NSQIP analysis evaluating short-term outcomes after
SBR, SPX, colorectal resection, colostomy, ostomy, and
internal fistula closure for CD found significantly higher rate

Table 6 Demographic characteristics and comorbidities, hospital course, and 30-day outcomes differ significantly between all three surgical

approaches to CD
Resection only Resection with strictureplasty Strictureplasty only
1 mean mFI | mean mFI | mean mFI

1 rate of smoking

1 rate of HTN

1 mean BMI

| rate of pre-op steroid use

| rate of smoking
| rate of HTN
| mean BMI

| rate of elective procedure
| rate of laparoscopic procedure

1 rate of pre-op steroid use

1 rate of elective procedure
— rate of laparoscopic procedure

— rate of smoking

1 rate of HTN

| mean BMI

1 rate of pre-op steroid use

1 rate of elective procedure
1 rate of laparoscopic procedure

| average operative time
1 mean length of stay
1 rate of contaminated and dirty wounds

1 average operative time
— mean length of stay
| rate of contaminated and dirty wounds

— average operative time
| mean length of stay
| rate of contaminated and dirty wounds

1 rate of sepsis | rate of sepsis

1 odds of wound complication

| rate of sepsis

| odds of prolonged hospital stay
| rate of strictureplasty in African Americans

1 significantly increased vs. other cohort(s), | significantly decreased vs. other cohort(s), — significantly different versus other cohorts (signifi-

cantly higher vs. |, but significantly lower vs. 1)

@ Springer



International Journal of Colorectal Disease (2024) 39:119

Page9of11 119

of complications for African American patients compared
to non-African Americans (19% vs. 23.5%, respectively).
This effect remained significant even after adjusting for pre-
operative disease severity, smoking status, and BMI. Only
after further adjusting for comorbid disease and ASA class
did the significance of race lose statistical significance [40].
Our findings reflecting a lower utilization rate of SPX for
African American patients compliments these findings and
highlights the importance of increased vigilance in provid-
ing access to appropriate medical management and treat-
ment of comorbid conditions in furthering the health of all
patients with CD.

Strengths and limitations

Our study has multiple strengths. This study is the only anal-
ysis to compare outcomes of small bowel resection (SBR) to
strictureplasty (SPX) and strictureplasty with small bowel
resection (CSX) using a NSQIP registry in the last 10 years
[18]. The cross-national sample of collected patient data
from a range of hospitals participating in the NSQIP data-
base makes our results applicable to the US population. This
can counterbalance a positive publication bias in previous
primary research and its secondary inclusion in systematic
reviews and meta-analyses.

However, this study also has several limitations. Our
cohorts are defined using CPT codes; previous research has
shown that coding errors can be common and can there-
fore lead to unreliable primary data [41]. We were unable
to assess the impact of several pre-operative factors such
as medical therapy for prior CD care and nutritional status
(albumin). The analysis is limited to a 30-day post-operative
period. Therefore, our study will lack further pertinent infor-
mation regarding subsequent surgeries, complications, and
related hospitalization after this 30-day period. There are
also limitations to using the NSQIP database for comparing
surgical outcomes for different racial cohorts. The NSQIP
database does not capture information on socioeconomic
status, location, type of medical insurance, and other health-
seeking behaviors. [42].

A major limitation of this study is comparing surgeries
for which there are differing indications. SBR in CD is indi-
cated for several scenarios: exacerbation of inflammatory,
penetrating, and fibro-stenotic phenotype and free perfora-
tion. This is compared to SPX indicated for fibro-stenotic
phenotype excluding active inflammation, dysplasia, malig-
nancy, and poor nutritional status as per surgical guidelines
of the American Society of Colon and Rectal Surgeons [6].

In conclusion, our analysis showed significant differences
in odds of developing post-operative wound complications
and prolonged hospitalization for patients undergoing SBR
compared to CSX and SPX for CD. We did not observe

differences in 30-day related reoperation and readmission,
or disposition following surgery between all three surgical
approaches.

Of note, post-operative wound complications resulted
in a 17-fold increase in odds of 30-day reoperation, a 6.8-
fold increase in 30-day readmission, a 2.85-fold increase in
prolonged hospitalization, and roughly half of patients not
discharged to home, independent of surgical technique used.
Laparoscopic procedures resulted in approximately 60%
decrease in odds of wound complications and 45% decrease
in prolonged hospitalization, independent of surgical tech-
nique used. Lastly, age group was a significant factor asso-
ciated with 60% and 90% reduction in routine discharge in
age groups 41-65 and 65+, respectively, when compared to
patients aged 18—40. Age group was not associated with any
other negative outcome evaluated.

Author contribution O.A. and A.P. had full access to all the data in
the study and had final responsibility for the decision to submit for
publication. A.P., E.S., and B.C. were involved in conceptual design.
O.A., AP, and E.S. performed data acquisition, analysis, and litera-
ture review. O.A. and A.P. lead the manuscript writing process, and
all authors were involved in the writing of the manuscript. A.P. was
involved with and oversaw every aspect of the project. N.S., R.B., and
B.C. provided administrative, technical, or material support provided
study supervision.

Data availability The American College of Surgeons, National Sur-
gery Quality Improvement database is de-identified. Therefore, Institu-
tional Review Board (IRB) review was neither sought nor required. The
American College of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP) and the hospitals participating in the ACS-
NSQIP are the sources of the data used herein; they have not verified
and are not responsible for the statistical validity of the data analysis
or the conclusions derived by the authors.

Declarations

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


http://creativecommons.org/licenses/by/4.0/

119 Page 10 of 11 International Journal of Colorectal Disease (2024) 39:119
References 16. Michelassi F et al (2000) Side-to-side isoperistaltic strictureplasty
in extensive Crohn’s disease a prospective longitudinal study. Ann
. . Surg 232(3):401-408
I Gajendran N.[’ Loga.nathan P, Catinella AP, Hash.ash 16 (2.0 18) A 17. Leng Fleming FJ, Deeb AP, Gunzler D, Messing S, Monson JRT
gzrr;];).rg(l)legilv}itrev.l/j:(\; a nd }11p (;i ?tgl(g/l‘ g.rohn ¥ ?}115385167' (])D;s()mon (2012) A laparoscopic approach reduces short-term complications
(2): oo e L and length of stay following ileocolic resection in Crohn’s disease:
2. (2006) ‘American Gastroenterological Association Institute tech- an analysis of outcomes from the NSQIP database. Colorectal Dis
nical review on corticosteroids, immunomodulators, and inflixi- 14(5):572-577. hitps://doi.org/10.1111/j.1463-1 31'8 2011.02756.x
matt) 1n210n0f16a(r)nln(1)al‘t§ ry bowel disease’. https://doi.org/10.1016/j. 18. Geltzeiler CB et al (2015) Strictureplasty for treatment of Crohn’s
gastro. N . . . . . disease: an ACS-NSQIP database analysis. J Gastrointest Surg
3. Sinagra E, Orlando A, Mocciaro F, Criscuoli V, Oliva L, Maisano 19(5):905-910. https://doi.org/10.1007/s11605-015-2749-8
E},(éluntaﬁ\/l,FLaCSZta F,I\S/[o(hzr(l)alé}), é{ll.zz.o IIAG’ Leonc; A, Tomaslc.etl.lo. 19. Dietz DW, Laureti S et al (2001) Safety and longterm efficacy
» -apperio T, fottone Z AT COUTSE OF SEvere COTs: of strictureplasty in 314 patients with obstructing small bowel
a comparison between Crohns Disease and ulcerative colitis. J Crohn’s disease. J Am Coll Surg 192(3):330-337
Biol Regul Homeost Agen.ts 32.(2):415—423 . . . 20. Yamamoto T, Fazio VW, Tekkis PP (2007) Safety and efficacy
4. Bonovas. Setal (2016? Blologlc t herapies and risk of 1.nfect10n of strictureplasty for Crohn’s disease: A systematic review and
and malignancy in patients with inflammatory bowel disease: a meta-analysis. Dis Colon Rectum 50(11):1968—1986. htps://doi
systematic review and network meta-analysis. Clin Gastroenterol org/10.1007 /sll 0350-007-0279-5 ’ ’ ’ ’
IZ_IOC lp 6a t(;)i 3;9(10): 1385-1397¢10. https://doi.org/10.1016/j.cgh. 21. Beelen EMIJ et al (2021) Decreasing trends in intestinal resection
L . . and re-resection in Crohn’s disease: a nationwide cohort study.
5. Frolkis AD et al (2013) Risk of surgery for inflammatory bowel Ann Surg 273(3):557-563. https://doi.org/10.1097/SLA.00000
diseases has decreased over time: a systematic review and 00000003395 ’ ’ h ’ ’ ’
meta-analysis of population-based studies. Gastroenterology . .
. . X . 22. Schlussel AT, Steele SR, Alavi K (2016) Current challenges in the
6 ]{45}(5).99211 0?6'1 lz;tg;ééd;;orgA/lo. 1.053/Js.ga§trto.20fl 3'017'041 d surgical management of Crohn’s disease: a systematic review. Am
- ghtner AL et al (- ¢ Amerniean society ot L-ofon an J Surg 212(2):345-351. https://doi.org/10.1016/j.amjsurg.2015.
Rectal Surgeons clinical practice guidelines for the surgical man- 12.027
agement of Crohn’s disease. Dis Colon Rectum 63(8):1028-1052. ) .
o 23. Campbell L, Ambe R, Weaver J, Marcus SM, Cagir B (2012)
7 Illnp.b '”32;,‘01%[/10'}}(1?7/1?%}?1'00?10%)0?01%%716 JR. L C Comparison of conventional and nonconventional strictureplas-
’ HazlllOTL I\’/I'l are ;Wl S’t urg A O klo JlsmS N I\Zv(elrgg 6)’ ties in crohn’s disease: a systematic review and meta-analysis. Dis
ui 1L, VHIsom JW, SITONg SA, Dakiey IR, secie VoL Colon Rectum 55:714-726. https://doi.org/10.1097/DCR.0b013
Effect of resection margins on the recurrence of Crohn’s disease 031824875
121122(]2') ?Srrézgll 5*’701‘73.: A ra.ndo;n;lzesd 7(3:01}1;10113%“.1 al. ﬁ%n 1?)3r7g/ 24. Butt WT et al (2020) Strictureplasty versus bowel resection for the
00000 6 53 1_99 6 1’001058 li)sg(l)(ﬁ 712 UPS/AOL OTg/ 10. surgical management of fibrostenotic Crohn’s disease: a system-
- S Lo atic review and meta-analysis. Int J Colorectal Dis 35(4):705-717.
8. Berg DF, Bahadursingh AM, Kaminski DL, Longo WE (2002) hitps://doi.org/10.1007/500384-020-03507-7
JA;ute Slllgil(cla)l.zlsnesr%er;lctltes }/I}C;nﬂaml;llagolr ())Iltgiw(fé(;izlsgzsleb (/3121; 25. Bislenghi G et al (2022) Non-conventional versus conventional
008u7r9g-6 7oL hlpsidor.org/io. s ) strictureplasties for Crohn’s disease. A systematic review and
. meta-analysis of treatment outcomes. J Crohns Colitis 16(2):319—
9. Feagins LA, Holubar SD, Kane SV, Spechler SJ (2011) Cur- 330. https://doi.org/10.1093/ecco-jcc/jjab146
rent strategies in the management of intra-abdominal abscesses 2 Cau‘sey M ]oh.nson E. Miller S, Martin M, Maykel J, Steele S
Lritcr(_)/}/lg S dlsjf 861' OC11617 Ga;]stzrgirllt(e)zo(l)gep atol 9(10):842-850. (2011) The impact of obesity on outcomes following major sur-
PS-HCOLOrg/ 1. J-ceh- s gery for Crohn’s disease - an ACS-NSQIP assessment.. 54(12):
10. Poritz LS, Gagliano GA, McLeod RS, MacRae H, Cohen Z 14881495
(2094) Surgical.management of enter(? and colocutaneous ﬁStl:l— 27. Nguyen GC, Du L, Chong RY, Jackson TD (2019) Hypoalbumi-
lae in Crohn’s disease: 17.yeaI’s experience. Int J Colorectal Dis naemia and ’postol;erative outc;omes in inflammatory bowel dis-
19(5):481-485. https://d01.0rg/l0.1007/390384-004-9580—x ease: the NSQIP surgical cohort. J Crohns Colitis 13(11):1433—
11. Taxonera C et al (2016) Outcomes of medical and surgical therapy 1438. https://doi.ore/10.1093/ecco-icc/iiz083
for entero-urinary fistulas in Crohn’s disease. J Crohns Colitis 28 Wolf.JH I;-I.assab.TgD’ A damo CR élvolii) da S, Demos J, Ahuja V
12 11\10(6):653}: 66% hItfp s:/(/1d01.0rg/i/0.;](.)9.3/§ccs(;lj chj \?/20 01 16 6) End et al (2021) Frailty is a stronger predictor than age for postopera-
- avaneethan L, Lourcusamy v, fjet B, Shen | o tive morbidity in Crohn’s Disease’. 2021. Surgery 170(4):1061—
scopic balloon dilation in the management of strictures in Crohn’s 1065. https://doi.org/10.1016/j.surg.2021.04.030
disease: a systematic review and meta-analysis of non-randomized ) : e ) ; o .
. . . K 29. Skancke MD, Vaziri K, Graham AE, Amdur RL, Umapathi BA,
;8856518?6?;%353 30(12):5434-5443. https://doi.org/10.1007/ Obias VJ (2017) Improved morbidity for emergent laparoscopic
P surgery in Crohn’s disease: an analysis using the American Col-
13 Lopes S, Rodrlgues—Plntq E, Andradf: P Afonso J, B aron T, lege of Surgeons-NSQIP targeted colectomy database. J] Am Coll
Magro F (2006) Endoscopic balloon dilation of Crohn’s disease Surg 225(4):¢69. hitps://doi.org/10.1016/j jamcollsurg.2017.07
strictures-safety, efficacy and clinical impact. World J Gastroen- 707 DA ’ ’ ' : ’ o
terol 23((41)):7397-7406 . . .
. . . 30. Horsey ML et al (2022) Open versus minimally invasive small
14. lf:gfhﬁur?/% D (20/(;4(1)) IS Ot(r)lzc/tl;l " egga&t‘y. BrJ Surg 91(11):1428~ bowel resection for Crohn’s disease: a NSQIP retrospective review
- pupsHicotorg/ 1. )8 00 1 and analysis. Surg Endosc 36(8):6278-6284. https://doi.org/10.
15. Bellolio F et al (2012) Strictureplasty in selected Crohn’s disease 1007/s00464-021-08927-8
patients results in acceptable lopg—term outcome. Dis Colon Rec- 31. (2021) American College of Surgeons National Surgical Qual-
2;;?5 55(8):864—869. https://doi.org/10.1097/DCR.0b013e3182 ity Improvement Program Quality Improvement through Quality
¢ Data: PUF&#8217
@ Springer


https://doi.org/10.1016/j.disamonth.2017.07.001
https://doi.org/10.1016/j.gastro.2006.01.048
https://doi.org/10.1016/j.gastro.2006.01.048
https://doi.org/10.1016/j.cgh.2016.04.039
https://doi.org/10.1016/j.cgh.2016.04.039
https://doi.org/10.1053/j.gastro.2013.07.041
https://doi.org/10.1097/DCR.0000000000001716
https://doi.org/10.1097/00000658-199610000-00014
https://doi.org/10.1097/00000658-199610000-00014
https://doi.org/10.1016/s0002-9610(02)00879-6
https://doi.org/10.1016/s0002-9610(02)00879-6
https://doi.org/10.1016/j.cgh.2011.04.023
https://doi.org/10.1007/s00384-004-0580-x
https://doi.org/10.1093/ecco-jcc/jjw016
https://doi.org/10.1007/s00464-016-4902-1
https://doi.org/10.1007/s00464-016-4902-1
https://doi.org/10.1002/bjs.4804
https://doi.org/10.1097/DCR.0b013e318258f5cb
https://doi.org/10.1097/DCR.0b013e318258f5cb
https://doi.org/10.1111/j.1463-1318.2011.02756.x
https://doi.org/10.1007/s11605-015-2749-8
https://doi.org/10.1007/s10350-007-0279-5
https://doi.org/10.1007/s10350-007-0279-5
https://doi.org/10.1097/SLA.0000000000003395
https://doi.org/10.1097/SLA.0000000000003395
https://doi.org/10.1016/j.amjsurg.2015.12.027
https://doi.org/10.1016/j.amjsurg.2015.12.027
https://doi.org/10.1097/DCR.0b013e31824f875a
https://doi.org/10.1097/DCR.0b013e31824f875a
https://doi.org/10.1007/s00384-020-03507-z
https://doi.org/10.1093/ecco-jcc/jjab146
https://doi.org/10.1093/ecco-jcc/jjz083
https://doi.org/10.1016/j.surg.2021.04.030
https://doi.org/10.1016/j.jamcollsurg.2017.07.707
https://doi.org/10.1016/j.jamcollsurg.2017.07.707
https://doi.org/10.1007/s00464-021-08927-8
https://doi.org/10.1007/s00464-021-08927-8

International Journal of Colorectal Disease

(2024) 39:119

Page110f11 119

32.

33.

34.

35.

36.

37.

38.

Seksik P, Nion-Larmurier I, Sokol H, Beaugerie L, Cosnes
J (2009) Effects of light smoking consumption on the clinical
course of Crohn’s disease. Inflamm Bowel Dis 15(5):734-741.
https://doi.org/10.1002/ibd.20828

Cottone M, Rosselli M, Orlando A, Oliva L, Puleo A, Cappello
M, Traina M, Tonelli F, Pagliaro L (1994) Smoking habits and
recurrence in Crohn’s disease. Gastroenterology 106(3):643-648.
https://doi.org/10.1016/0016-5085(94)90697-1

Kulaylat AN, Hollenbeak CS, Sangster W, Stewart DB (2015)
Impact of smoking on the surgical outcome of Crohn’s disease: a
propensity-score matched National Surgical Quality Improvement
Program analysis. Colorectal Dis 17(10):891-902. https://doi.org/
10.1111/codi.12958

Panayi AC, Orkaby AR, Sakthivel D, Endo Y, Varon D, Roh D,
Orgill DP, Neppl RL, Javedan H, Bhasin S, Sinha I (2019) Impact
of frailty on outcomes in surgical patients: a systematic review
and meta-analysis. Am J Surg 218(2):393-400. https://doi.org/
10.1016/j.amjsurg.2018.11.020

Feeney T et al (2018) The independent effect of emergency gen-
eral surgery on outcomes varies depending on case type: a NSQIP
outcomes study. Am J Surg 216(5):856-862. https://doi.org/10.
1016/j.amjsurg.2018.03.006

Udholm LS, Rasmussen SL, Madsbgll TK, Omairi M, El-Hussuna
A (2021) A systemic review and metaanalysis of postoperative
outcomes in urgent and elective bowel resection in patients with
Crohn’s disease. Int J Colorectal Dis 36(2):253-263. https://doi.
org/10.1007/s00384-020-03786-6

Aberra FN, Lewis JD, Hass D, Rombeau JL, Osborne B,
Lichtenstein GR (2003) Corticosteroids and immunomodulators:

39.

40.

41.

42.

postoperative infectious complication risk in inflammatory bowel
disease patients. Gastroenterology 125(2):320-327. https://doi.
org/10.1016/S0016-5085(03)00883-7

Wood KL, Haider SF, Bui A, Leitman IM (2020) Access to com-
mon laparoscopic general surgical procedures: do racial dispari-
ties exist? Surg Endosc 34(3):1376-1386. https://doi.org/10.1007/
500464-019-06912-w

Arsoniadis EG, Ho YY, Melton GB, Madoff RD, Le C, Kwaan
MR (2017) African americans and short-term outcomes after
surgery for Crohn’s disease: an ACS-NSQIP analysis. J Crohns
Colitis 11(4):468-473. https://doi.org/10.1093/ecco-jcc/jjwl75
Rolston JD, Han SJ, Chang EF (2017) Systemic inaccuracies in
the National Surgical Quality Improvement Program database:
Implications for accuracy and validity for neurosurgery outcomes
research. J Clin Neurosci 37:44—47. https://doi.org/10.1016/j.jocn.
2016.10.045

Institute of Medicine (US) (2023) Committee on Understanding
and Eliminating Racial and Ethnic Disparities in Health Care.
In: Smedley BD, Stith AY, Nelson AR (eds) Unequal Treat-
ment: Confronting Racial and Ethnic Disparities in Health Care.
National Academies Press (US), Washington (DC)

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/ibd.20828
https://doi.org/10.1016/0016-5085(94)90697-1
https://doi.org/10.1111/codi.12958
https://doi.org/10.1111/codi.12958
https://doi.org/10.1016/j.amjsurg.2018.11.020
https://doi.org/10.1016/j.amjsurg.2018.11.020
https://doi.org/10.1016/j.amjsurg.2018.03.006
https://doi.org/10.1016/j.amjsurg.2018.03.006
https://doi.org/10.1007/s00384-020-03786-6
https://doi.org/10.1007/s00384-020-03786-6
https://doi.org/10.1016/S0016-5085(03)00883-7
https://doi.org/10.1016/S0016-5085(03)00883-7
https://doi.org/10.1007/s00464-019-06912-w
https://doi.org/10.1007/s00464-019-06912-w
https://doi.org/10.1093/ecco-jcc/jjw175
https://doi.org/10.1016/j.jocn.2016.10.045
https://doi.org/10.1016/j.jocn.2016.10.045

	Comparison of outcomes in small bowel surgery for Crohn’s disease: a retrospective NSQIP review
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data source
	Patient population
	Covariates
	Outcomes of interest
	Statistical analyses

	Results
	Demographic and comorbidity characteristics
	Hospital and 30-day outcomes
	Covariate analysis
	Incidence of any wound complication
	30-Day related reoperation
	30-Day related readmission
	Length of stay
	Disposition following surgery


	Discussion
	Strengths and limitations
	References


