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Abstract
Objective To compare 30-day postoperative complications in patients with inflammatory bowel disease (IBD) undergoing
colorectal resection before and after implementation of a hospital-wide surgical care bundle (SCB) to prevent surgical site
infection (SSI) followed by enhanced recovery protocol (ERP).
Background Perioperative SCBs to prevent SSI after colectomy have evolved to include ERPs demonstrating reduced rates of
SSI, ileus, and length of stay in colorectal surgical patients. IBD patients often present with more risk factors for postoperative
complication like malnutrition or immunosuppression, and the impact of SCBs and ERPs in this population is understudied.
Methods Crohn’s disease and ulcerative colitis patients undergoing elective bowel resection at a tertiary-level referral center from
2013 to 2018 were retrospectively evaluated. Postoperative complications at 30 days including SSI, ileus, and anastomotic leak
were compared between pre-SCB/ERP, post-SCB, and post-SCB + ERP time periods using institutional ACS-NSQIP data.
Pediatric (age < 18 years) and emergent cases were excluded.
Results Out of 977 patients, 224 were pre-SCB/ERP, 517 post-SCB, and 236 post-SCB + ERP. Gender (P = 0.01), race (P =
0.02), body mass index (P = 0.04), immunosuppressant use (P = 0.01), wound classification (P < 0.001), malnutrition
(P < 0.001), duration of procedure (P = 0.04), and procedure performed (P = 0.01) were significantly different between the three
cohorts. A significant decrease in the rates of SSI (14.7% to 5.5%), ileus (20.1% to 8.9%), and anastomotic leak (4.7% to 0.0%)
was demonstrated after implementation of SCB and ERP (P ≤ 0.01). On multivariable regression, the risk for postoperative SSI
and ileus decreased significantly post-SCB + ERP (OR 0.39, CI 0.19–0.82 and OR 0.45, CI 0.24–0.84, respectively).
Conclusion SCB and ERP implementation was associated with decreased rates of postoperative SSI, ileus, and anastomotic leak
for IBD patients undergoing elective bowel resection.

Keywords Inflammatoryboweldisease .Colorectal resection .Surgicalcarebundle .Surgical site infections .Postoperative ileus .

Enhanced recovery protocol

Introduction

Postoperative surgical site infections (SSI) are frequent, seri-
ous complications that can affect up to 30% of colorectal
resections and lead to worsened rates of morbidity, readmis-
sion, reoperation, and prolonged hospitalization.1,2 Typical
patient risk factors include a history of diabetes, obesity, and
tobacco use while procedural risk factors include surgeries
involving the colon and rectum as opposed to the small bowel,

whether the procedure was performed in an open rather than
minimally invasive fashion, longer operative time, and the
need for performing surgery emergently.3 The indication for
undergoing surgery also affects the likelihood of a postopera-
tive SSI or complication, and it is known that patients with
inflammatory bowel disease (IBD) comprise a much higher-
risk cohort when compared to non-IBD. The rate of postoper-
ative SSI in this subpopulation has been reported to be as high
as 47.1%, and this likely is due to their increased chance of
presenting in an immunocompromised state withmalnutrition,
anemia, and worse wound classification.4–8

SSI prevention has been most effective when multiple risk
factors are addressed. Surgical care bundles (SCBs) composed
of evidence-based practices to prevent SSI have been imple-
mented across the phases of perioperative care at several
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hospitals worldwide. The elements of an SCB typically in-
clude perioperative antibiotic prophylaxis, hair removal be-
fo re su rge ry, pe r iope ra t ive normothe rmia , and
normoglycemia.3,9,10 These have led to reduced rates of colo-
rectal SSI from 15 to as low as 4% in certain studies and have
now been incorporated into standard perioperative care in
most US institutions participating in the American College
of Surgeons National Surgical Quality Improvement
Program (ACS-NSQIP).2,3,9–11

Enhanced recovery pathways (ERPs) have now supple-
mented SCBs. In addition to a bundle of measures preventing
SSI, ERPs are composed of evidence-based practices to reduce
the physiologic stress of surgery and accelerate postoperative
recovery. Components of an ERPmay include lack of nasogas-
tric tube utilization, early mobilization, early oral nutrition with
early discontinuance of intravenous fluids, early removal of
epidural, early removal of urinary catheter, and non-opioid an-
algesia. Numerous randomized trials have demonstrated that
ERP implementation is associated with decreased lengths of
hospital stay by up to 2.4 days and a 50% reduction of risk
for 30-day postoperative complication when compared to con-
ventional perioperative patient management.12–15

Although it is widely accepted that SCB and ERP imple-
mentation provides a significant benefit for colorectal surgical
patients as a whole, the evidence looking at the outcomes for
IBD alone has been limited. It is therefore unclear as to whether
there is an advantage for SCB and ERP in this high-risk cohort
of patients. For this reason, we sought to evaluate 30-day post-
operative complications in IBD patients undergoing colorectal
resection at our institution before and after the implementation
of a hospital-wide SCB to prevent SSI followed by ERP.

Methods

Our data source was composed of patients undergoing small
bowel and colorectal resection from January 2013 to
December 2018 at the Mount Sinai Hospital using institution-
al ACS-NSQIP Procedure Targeted Colectomy data. Cases
were statistically sampled according to Current Procedural
Terminology (CPT) code and ACS-NSQIP inclusion/
exclusion criteria. This sampling method has been validated
in previous studies and provides a valid representation of our
institutional case-mix without the requirement for a 100%
capture rate.16,17 Our institution also serves as one of the pilot
sites for the Agency for Healthcare Research and Quality
(AHRQ) Safety Program for Improving Surgical Care and
Recovery (ISCR), which seeks to improve clinical outcomes
by supporting hospitals in the implementation of evidence-
based ERPs as part of a national collaborative. The ACS-
NSQIP Procedure Targeted Colectomy program includes
colectomy and proctectomy cases as captured by CPT code

and collects additional clinical data relevant to colectomy and
proctectomy.

The overall study time period was divided into three con-
secutive time points at our hospital based on the implementa-
tion of an SCB for colectomy intended to reduce SSI, which
was then supplemented with an ERP to accelerate postopera-
tive recovery. The interventions that comprise SCB and ERP
and their time periods are listed in Table 1. Pre-SCB was from
January 2013 to September 2014; post-SCB October 2014 to
October 2017, and post-SCB + ERP was from November
2017 to December 2018.

Patients were included in the analyses if their complete
ACS-NSQIP measure data had been entered; their diagnosis
was Crohn’s disease or ulcerative colitis based on
International Classification of Disease (ICD) 9 or 10 code,
and if they underwent elective colorectal resection, as defined
by the following CPT codes: 44005, 44120, 44125, 44130,
44140, 44141, 44143, 44144, 44145, 44146, 44147, 44150,
44151, 44155, 44156, 44157, 44158, 44160, 44180, 44187,
44202, 44204, 44205, 44206, 44207, 44210, 44211, 44212,
44227, 44310, 44316, 44320, 44615, 44620, 44625, 44626,
44640, 44650, 45110, 45111, 45112, 45113, 45119, 45121,
45123, 45136, 45395, 45397, 45499, 49000. Emergent and
pediatric cases aged < 18 years were excluded. Additionally,
all patients with ostomy creation were excluded for the anas-
tomotic leak analysis.

The primary outcomes of interest were 30-day postopera-
tive complications including SSI, ileus, and anastomotic leak.
Secondary outcomes of interest included death/serious mor-
bidity, readmission, unplanned reoperation, and length of hos-
pital stay. Clinical data including patient demographics, surgi-
cal risk factors, intraoperative factors, and 30-day postopera-
tive outcomes were collected according to standardized defi-
nitions by trained, audited abstractors at our hospital. Thirty-
day postoperative outcomes were determined from the medi-
cal record and via direct communication with patients.
Compliance data to SCB and ERP interventions were cap-
tured by nursing staff during each patient’s hospital admis-
sion. This data was then compiled, tracked, and summarized
in an ongoing database for quality improvement at our
institution.

Wound classifications were based on Center for Disease
Control National Health and Safety Network criteria (CDC
NHSN).18 SSIs included superficial, deep, and organ space
infections. The ACS-NSQIP defines Ileus as “prolonged nil
per os (NPO) status or nasogastric tube (NGT) use for
suctioning or decompression more than 3 days postop or re-
insertion of NGT or reinstating NPO status any time postop-
erative day 4 or later within 30 days”. An anastomotic leak
was defined as a “leak of endoluminal contents through an
anastomosis”.19

Descriptive statistics were used to compare the demograph-
ic, preoperative, and intra-operative variables and clinical
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comorbidities of all patients in the three consecutive time pe-
riods. Continuous variables were compared with analysis of
variance (ANOVA) tests and are reported as mean with stan-
dard deviation. Categorical variables were compared using
Pearson X2 or Fisher’s exact tests, as appropriate, and are
expressed as percentages. Variables for which P < 0.2 were
included in the multivariable logistic regression model. The
two-sided P < 0.05 was considered statistically significant for
multivariable model. Data analyses were done using the SAS
Statistical Software (Version 9.4, North Carolina).

Results

Baseline Characteristics

A total of 977 patients with Crohn’s disease or ulcerative
colitis that underwent colorectal resection were included in
the study: 224 patients were pre-SCB, 517 post-SCB, and
236 post-SCB + ERP. The demographic and clinical charac-
teristics for all three cohorts are summarized in Table 2. The
three cohorts were similar in terms of age, race, American

Table 1 Surgical care bundle and enhanced recovery protocol components

SCB ERP

Date of implementation October 2014 November 2017

Preoperative • Patient education on SSI prevention • Patient education on ERP

• Clear liquid diet on day prior • Reduced fastinga

• Chlorhexidine shower

• Oral antibiotics taken at 1 pm, 2 pm, and 11 pm on day before surgery • Carbohydrate loadingb

• Mechanical bowel prep is optional

Immediate preoperative • Glucose control for diabetics c • Glucose control for allc

• Hair clipping • Multi-modal anesthesiad

Intraoperative • Antibiotics given within 15 min prior to incision with re-dosing. • Multi-modal anesthesiae

• Wound classification

• At closing, gowns and glove are changed. A separate closing tray
with normal saline irrigation, wound protector, and antimicrobial
sutures is used. The surgical field is prepared again. All suction and e
lectrocautery is changed.

Postoperative • Early ambulationf

• Minimize IV fluidsg

• Early alimentationh

• Nutritionist consulti

• Multimodal anesthesia and medication
for PONVj

• Glucose controlc

SCB surgical care bundle, ERP enhanced recovery pathway, SSI surgical site infection, IV intravenous, PONV postoperative nausea and vomiting

Patients ≤ 18 years of age undergoing elective bowel surgery, or who are likely to require incision into the large or small bowel intra-operatively are
enrolled into the SCB program. Bariatric and transplant cases excluded. All patients enrolled into SCB program were enrolled into ERP program starting
November 2017
a Intake of solids until 8 h prior to induction and intake of clear liquids until 2 h prior to induction unless delayed gastric emptying is documented
b 12–24 oz. of carbohydrate-rich fluid > 2 h prior to induction on night before or morning of surgery
cGlucose controlled for diabetic patients in SCB and for all patients in ERP, beginning immediately preop and continuing until discharge with insulin
sliding scale to prevent hyperglycemia. Patients receive a fingerstick to check glucose prior to surgery and an endocrine consult as appropriate
d Gabapentin 600 mg PO (default), gabapentin 300 mg PO for age > 70 or renal insufficiency, acetaminophen 975 mg PO, scopolamine 1.5 mg patch
(contraindicated for glaucoma patients)
e For laparoscopic cases, regional anesthesia via transverse abdominis plane block or rectus sheath block with bupivacaine 0.25% mixed with lidocaine
2%. For open cases, thoracic epidural catheter with bupivacaine 0.1% mixed with fentanyl 2 mcg/cc
f Out of bed to chair on postop day 0 and early mobilization with patients walking by postop day 1
g < 5 mL/kg/h of ideal body weight to be discontinued on postop day 1 after the patient tolerates fluids
h Clear liquid diet started on postop day 1. Solid diet started after first flatus or bowel movement at the discretion of the surgeon
i Nutritionist visit by postoperative 3
j Postop day 0–1: acetaminophen 1000mg IVevery 6 h for four doses. Postop day 1–2: acetaminophen 1000mg PO every 6 h, gabapentin 600 mg PO at
bedtime. Postop day 2–3: ketorolac 30 mg IVevery 6 h pending surgical approval and earlier if surgeon consents. Lidocaine peri-incisional patches are
used × 3 for 12 h on followed by 12 h off
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Society of Anesthesiologists (ASA) classification, body mass
index (BMI), diabetes mellitus, chronic obstructive pulmo-
nary disease (COPD), hypertension, and smoking status.
They differed significantly in terms of gender (P = 0.01), race
(P = 0.02), body mass index (BMI) (P = 0.04), steroid or im-
munosuppressant use for chronic condition (P < 0.01), wound
classification (P < 0.001), and ≥ 10% loss of body weight
(P < 0.001).

Operative Characteristics

Operative characteristics are depicted in Table 3. The pre-
SCB/ERP, post-SCB, and post-SCB + ERP cohorts were

similar in terms of the percentage of patients undergoing min-
imally invasive surgery (64.3% vs 67.7% and 72.9%, respec-
tively, P = 0.13). The operative times decreased significantly
(174.5 ± 87.7 min, 165.4 ± 90.0 min, 154.3 ± 84.5 min, P =
0.13), and the make-up of the surgical procedures performed
was significantly different with the most common procedure
being a partial colectomy (P = 0.01).

Postoperative Outcomes

Postoperative outcomes are depicted in Table 4. The SSI rates
pre-SCB, post-SCB, and post-SCB + ERP were 14.7%, 9.1%,
and 5.5%, respectively (P = 0.003). The rate of ileus was

Table 2 Patient characteristics
Pre-SCB/ERP
(N = 224)

Post-SCB
(N = 517)

Post-SCB + ERP
(N = 236)

P value

Demographics

Age (years, mean, std. dev) 41.0 ± 15.4 40.2 ± 14.7 40.5 ± 16.0 0.7873

Female gender 124 (55.4%) 253 (48.9%) 96 (40.7%) 0.01

Race

White 192 (85.7%) 396 (76.6%) 179 (75.9%) 0.02

Non-white 13 (5.8% 43 (8.3%) 15 (6.4%)

Unknown/not reported 19 (8.5%) 78 (15.1%) 42 (17.8%)

Clinical characteristics

ASA Classification

I 2 (0.9%) 1 (0.2%) 1 (0.4%) 0.3872

II 157 (70.1%) 363 (70.2%) 154 (65.3%)

III 63 (28.1%) 150 (29.0%) 77 (32.6%)

IV 2 (0.9%) 3 (0.6%) 4 (1.7%)

BMI, kg/m2, mean, std. dev 23.9 ± 5.0 23.5 ± 5.3 22.8 ± 4.6 .04

Diabetes mellitus 5 (2.2%) 15 (2.9%) 10 (4.2%) 0.44

Disseminated cancer 2 (0.9%) 0 (0.0%) 0 (0.0%) 0.0524

Dependent functional health status 1 (0.5%) 8 (1.6%) 5 (2.1%) 0.3048

Dyspnea 0.9637

At rest 0 (0.0%) 1 (0.2%) 0 (0.0%)

Moderate exertion 2 (0.9%) 8 (1.6%) 3 (1.3%)

No 222 (99.1%) 508 (98.3%) 233 (98.7%)

COPD 0 (0.0%) 4 (0.8%) 0 (0.0%) 0.1817

Hypertension requiring medication 24 (10.7%) 58 (11.2%) 25 (10.6%) 0.9599

Steroid/immunosuppressant use
for chronic condition

149 (66.5%) 284 (54.9%) 147 (62.3%) 0.0075

Currently requiring dialysis 0 (0.0%) 0 (0.0%) 0 (0.0%)

Smoker 16 (7.1%) 35 (6.8%) 22 (9.3%) 0.4556

Wound classification < 0.0001

Clean 3 (1.3%) 3 (0.6%) 0 (0.0%)

Clean/contaminated 205 (91.5%) 268 (51.8%) 113 (47.9%)

Contaminated 12 (5.4%) 187 (36.2%) 86 (36.4%)

Dirty/infected 4 (1.8%) 59 (11.4%) 37 (15.7%)

10% loss of body weight 11 (4.9%) 68 (13.2%) 51 (21.6%) < 0.0001

SCB surgical care bundle, ERP enhanced recovery pathway, ASA American society of anesthesiologists, BMI
body mass index, COPD chronic obstructive pulmonary disease
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Table 4 Postoperative outcomes
Pre-SCB/ERP
(N = 224)

Post-SCB
(N = 517)

Post-SCB + ERP
(N = 236)

P value

Hospital length of stay
(days, mean, std. dev)

7.8 ± 5.6 6.9 ± 6.6 6.7 ± 5.1 0.08

Surgical site infection 33 (14.7%) 47 (9.1%) 13 (5.5%) 0.003

Ileus 45 (20.1%) 44 (8.5%) 21 (8.9%) < 0.0001

Anastomotic leak 8 (4.7%) 12 (2.6%) 0 (0.0%) 0.01

30-day unplanned return to OR 15 (6.7%) 29 (5.6%) 12 (5.1%) 0.7471

Return to OR related to procedure 15 (6.7%) 28 (5.4%) 12 (5.1%) 0.7203

Still in hospital 30 days 1 (0.5%) 5 (1.0%) 0 (0.0%) 0.3682

Postop acute renal failure 0 (0.0%) 0 (0.0%) 0 (0.0%)

Postop CVA 0 (0.0%) 0 (0.0%) 0 (0.0%)

Postop cardiac arrest 0 (0.0%) 0 (0.0%) 0 (0.0%)

Postop myocardial infarction 0 (0.0%) 0 (0.0%) 0 (0.0%)

Postop ventilator 48 h 0 (0.0%) 2 (0.4%) 1 (0.4%) 1

Postop pneumonia 0 (0.0%) 2 (0.4%) 1 (0.4%) 0.5340

Postop progressive renal
insufficiency

0 (0.0%) 1 (0.2%) 1 (0.4%) 0.7202

Postop PE 0 (0.0%) 0 (0.0%) 0 (0.0%)

Postop sepsis 5 (2.2%) 16 (3.1%) 3 (1.3%) 0.3151

Postop septic shock 1 (0.5%) 2 (0.4%) 0 (0.0%) 0.7968

Postop transfusion 9 (4.0%) 29 (5.6%) 14 (5.9%) 0.6020

Postop UTI 4 (1.8%) 4 (0.8%) 0 (0.0%) 0.0749

Postop unplanned intubation 0 (0.0%) 2 (0.4%) 0 (0.0%) 1

Postop wound disruption 4 (1.8%) 3 (0.6%) 1 (0.4%) 0.2308

Readmissions likely related 26 (11.6%) 51 (9.9%) 20 (8.5%) 0.5310

Readmissions within 30 days 26 (11.6%) 55 (10.6%) 21 (8.9%) 0.6225

Death within 30 days 0 (0.0%) 0 (0.0%) 1 (0.9%) 0.1308

Postoperative seath > 30 days
after procedure

0 (0.0%) 0 (0.0%) 0 (0.0%)

SCB surgical care bundle, ERP enhanced recovery pathway, std. dev standard deviation,OR operating room, CVA
cerebrovascular accident, PE pulmonary embolism, UTI urinary tract infection

Table 3 Operative characteristics
Pre-SCB/ERP
(N = 224)

Post-SCB
(N = 517)

Post-SCB + ERP
(N = 236)

P
value

Operative approach

Open 80 (35.7%) 167 (33.2%) 64 (27.1%) 0.1337

Minimally invasive 144 (64.3%) 350 (67.7%) 172 (72.9%)

Duration of surgical procedure
(minutes, mean, std. dev)

174.5 ± 87.7 165.4 ± 90.0 154.1 ± 80.0 0.04

Procedures performed 0.01

Small bowel resection including lysis
of adhesion

44 (19.6%) 52 (10.1%) 22 (9.3%)

Partial colectomy 88 (39.3%) 208 (40.2%) 91 (38.6%)

Total abdominal colectomy 26 (11.6%) 59 (11.4%) 40 (17.0%)

Total proctocolectomy 17 (7.6%) 38 (7.4%) 19 (8.1%)

Proctectomy 22 (9.8%) 73 (14.1%) 27 (11.4%)

Stoma reversal 27 (12.1%) 87 (16.8%) 37 (15.7%)

SCB surgical care bundle, ERP enhanced recovery pathway
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20.1%, 8.5%, and 8.9% (P < 0.0001) and the rates of anasto-
motic leak were 4.7%, 2.6%, and 0.0% (P = 0.01). There was a
downward trend, although not statistically significant, for the
length of hospital stay (P = 0.08), rates of postoperative re-
admission (P = 0.53), reoperation (P = 0.74), sepsis (P = 0.31),
and wound disruption (P = 0.23). There were no significant
differences in the rates of acute renal failure, cerebrovascular
accident, cardiac arrest, myocardial infarction, prolonged use of
ventilator, pneumonia, pulmonary embolism, septic shock,
transfusion, urinary tract infection, unplanned intubation, and
mortality. The results after multivariable regression adjusting
for gender, race, BMI, immunosuppressant use, wound classi-
fication, ≥ 10% loss of body weight, operative time, and type of
procedure performed are depicted in Table 5. After the imple-
mentation of SCB and ERP, the risk for postoperative SSI and
ileus was reduced by 61% and 55%, respectively.

Compliance to SCB and ERP Measures

The compliance to SCB measures by the end of the post-SCB
time period ranged from 76 to 100% preoperatively and 80 to
100% intraoperatively (Table 6). Compliance at the end of the
post-SCB + ERP time period ranged from 38 to 82% for pre-
operative measures, 78 to 100% for intraoperative measures,
and 16 to 82% for post-operative measures. The pre-operative
ERP measures with the lowest compliance included patient
education (38%) and carbohydrate-rich fluids > 2 h before
surgery (38%), while postoperatively the measures with low-
est compliance included discontinuation of intravenous fluids
before postoperative day 2 (16%) and starting multimodal

anesthesia on postoperative days 1–3 with acetaminophen,
gabapentin, and ketorolac (23–28%).

Discussion

Patients with IBD are at greater risk for postoperative morbid-
ity compared to those without because of their frequent pre-
sentation with malnutrition, immunosuppression, anemia, as
well as intra-abdominal abscesses, fistulas, and bowel obstruc-
tion.While the benefits of SCB and ERP implementation have
been demonstrated in colorectal surgical patients as a whole,
their effect on IBD patients is not well described.We analyzed
the postoperative morbidity rates of IBD patients undergoing
elective bowel resection and compared the results before and
after the implementation of a hospital-wide SCB followed by
ERP. Our analysis showed that SCB and ERP implementation
was associated with significantly reduced rates of SSI, ileus,
and anastomotic leak at 30 days after surgery with a decreas-
ing trend in the length of hospital stay and rates of re-admis-
sion, reoperation, sepsis, and wound disruption.

The postoperative outcomes in IBD patients before and after
implementation of SCB and ERP are not well described, al-
though studies comparing IBD to non-IBD within the setting
of an ERP have been published recently. Ban et al. performed a
retrospective registry-based cohort study with 4620 patients
who underwent elective colectomy for neoplasm, diverticulitis,
and IBD in the era of ERP.20 Their analysis revealed that pa-
tients undergoing colectomy for IBD were more likely to have
prolonged length of stay (OR, 1.98; 95% CI, 1.46–2.69), death/
serious morbidity (OR, 1.62; 95%CI, 1.13–2.32), and readmis-
sion (OR, 1.54; 95% CI, 1.15–2.08) compared with patients
with neoplasm. IBD patients took longer than patients with
neoplasm or diverticulitis to achieve per os pain control (mean,
4.2 days vs 3.4 and 3.5 days, P < 0.001) and tolerate a diet
(mean, 4.1 days vs 3.7 and 3.5 days (P < 0.001), but there
was no statistically significant difference in outcomes between
patients with neoplasm and diverticulitis.20 Dai et al. performed
a retrospective, single-institution analysis comparing patients
with 184 patients with IBD and 250 with colorectal cancer
undergoing resection in the setting of an ERP with the primary
endpoint being postoperative ileus.21 They demonstrated that
IBD patients had higher incidence of postoperative ileus 28.8%
vs 14.8% (P < 0.001) and that difference remained significant
after propensity score matching.21 The results from these two
studies bring to light the question as to whether there is any
benefit to SCB and ERP for IBD patients in the first place.

ERPs cannot simply be implemented and forgotten, but re-
quire a continuous audit process in place to guide compliance
and improve quality.22–24 At our institution, the rate of compli-
ance to wound class increased from 67% pre-SCB to 100%
post-SCB, which may explain the large difference in contami-
nated cases recorded in the pre-SCB time period where

Table 5 Multivariable analysis of surgical care bundle and enhanced
recovery protocol on colorectal resections in inflammatory bowel disease

Odds ratio 95% confidence interval

Surgical site infection

Post-SCB vs Pre-SCB 0.60 0.34–1.03

Post-SCB + ERP vs Pre-SCB 0.39 0.19–0.82

Post-SCB + ERP vs Post-SCB 0.66 0.34–1.26

Ileus

Post-SCB vs Pre-SCB 0.41 0.24–0.68

Post-SCB + ERP vs Pre-SCB 0.45 0.24–0.84

Post-SCB + ERP vs Post-SCB 1.11 0.63–1.96

Anastomotic leak

Post-SCB vs Pre-SCB 0.67 0.24–1.83

Post-SCB + ERP vs Pre-SCB < 0.001 < 0.001 to > 999.99a

Post-SCB + ERP vs Post-SCB < 0.001 < 0.001 to > 999.99a

Adjusted for gender, race, body mass index, immunosuppressant use,
wound classification, > 10% loss of body weight, operative time, and
procedure performed

SCB surgical care bundle, ERP enhanced recovery pathway
a Sample size inadequate
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contaminated cases may have been incorrectly classified as
clean-contaminated. Dirty/infected cases, which include pa-
tients presenting with abscess or phlegmon common in IBD,
may also have been classified inaccurately in the pre-SCB time
period which could explain the increase in dirty/infected cases
in the post-SCB and post-SCB +ERP time periods.

In the future, perioperative care pathways may be tailored
specifically to different institutions with unique case mixes or
to different patient populations such as IBD. For example,
prior to the implementation of their SCB to prevent SSI,
Weiser et al. designed their own Memorial Sloan Kettering
colorectal SSI prediction tool to reflect their unique cancer-
based practice. This was used to stratify their patient popula-
tion into groups at low, intermediate, and high risk for SSI.
After implementation of the SSI prediction tool, it was found

that the rate of wound closure modification increased for all
three risk groups which led to overall SSI rates post-SCB
being significantly lower than pre-SCB at 4.1% vs 11.0%
(P = 0.001). Intermediate- and high-risk groups had signifi-
cantly lower SSI rates post-SCB than pre-SCB 4.7% vs
10.3% (P = 0.006) and 2% vs 19% (P < 0.001), respectively.
The median length of hospital stay was significantly shorter
post-SCB (6 (i.q.r. 5–9) vs 7 (5–10) days (P = 0.002)), and the
intermediate- and high-risk groups’median length of stay was
significantly lower 6 (5–8) vs 7 (5–10) days (P = 0.006) and 6
(5–9) vs 8 (6–12) days (P < 0.001), respectively. The results
from this study indicate that SCB implementation not only
reduces SSI rates and length of hospital stay, but also that
institutional and patient-specific factors can affect the out-
comes of SCB implementation.25

Table 6 Compliance to surgical
care bundle and enhanced
recovery protocol measures

Pre-SCB/ERP Post-SCB Post-SCB + ERP

Preoperative measures

Education 22% 80% 38%

Chlorhexidine shower 22% 82% 69%

Clear liquid diet day before surgery – 86% 74%

Last time you ate solids? (> 8 h) – – 82%

Carb-rich fluids > 2 h before surgery? – – 38%

Oral antibiotics – 76% 64%

Diabetic testing – 100% 77%

Gabapentin, tylenol, and scopolamine given after
arriving at hospital?

– – 57%

Intraoperative Measures

Local, regional, or thoracic epidural used? – – 78%

Chlorhexidine cleaning in OR – 89% 93%

Antibiotics with re-dosing 56% 100% 100%

Wound class verified 67% 100% 100%

Separate sterile field setup and closing tray 78% 99% 99%

Gowns/gloves changed at closing 33% 93% 90%

Prep field closing 33% 95% 95%

Change suction and bovie 22% 91% 92%

Wound protector – 80% 86%

Irrigation – 84% 97%

Anti-microbial sutures – – 92%

Postoperative Measures

Early ambulation – – 65–77%

IV fluids discontinued before POD 2 – – 16%

Clear liquid diet on POD 1 – – 82%

Nutritionist visit on POD 1 – – 51%

POD0–1: acetaminophen IV (4 doses) – – 44%

POD1–2: acetaminophen PO every 6 h and
gapapentin PO

– – 23%

POD2–3: ketorolac 30 mg IV Q6H – – 28%

Lidocaine patches × 3 12 h on 12 h off – – 77%

SCB surgical care bundle, ERP enhanced recovery pathway, OR operating room, POD postoperative day, IV
intravenous, PO per os
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The limitations for our study include the single-institutional,
retrospective design using ACS-NSQIP data. An overall na-
tional dataset encompassing multiple institutions was not pos-
sible because SCB and ERPs were implemented at the hospitals
at varying time points. Additionally, the elements of each insti-
tutional SCB and ERP protocol would differ, and the compli-
ance to their individual elements would be difficult to measure
from a multi-institutional standpoint. Another limitation to our
analysis is the use of ACS-NSQIP data, which in its current
state is inadequate in capturing the unique risk factors affecting
IBD patients. For example, the use of preoperative steroid, im-
munologic, and biologic medications is not categorized sepa-
rately. The use of CPT procedure codes for ileal pouch anal
anastomosis also does not distinguish between whether or not
a diverting ileostomy was created. Finally, although the ACS-
NSQIP sampling methodology has been validated, it does not
capture all IBD patients undergoing surgery, and this may lead
to some level of bias in our data. Despite these limitations,
Mount Sinai is a tertiary level center for IBD and also one of
the pilot centers for the AHRQ Safety Program. We thus were
able to analyze a large sample of patients with IBD before and
after implementation of SCB and ERP. Additionally, the com-
pliance was well above 50% for a majority of the perioperative
interventions, thus indicating a good correlation between bun-
dle elements and patient outcomes.

Conclusion

SCBs and ERPs support the reduction of postoperative SSIs,
ileus, and anastomotic leak in IBD patients undergoing bowel
resection. Future studies that explore ERPs tailored more spe-
cifically for IBDmay improve outcomes in this high-risk pop-
ulation of patients. Further analysis distinguishing between
the types of immunosuppressant use and ostomy creation is
also warranted.
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