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Surgical Outcome in Laparoscopic
Abdominal Surgical Operations with
Clostridium Difficile Infection

Reza Fazl Alizadeh, MD', Shiri Li, MD, PhD?, Brittany
Sullivan, MD', Morgan Manasa, MD' , Perisa Ruhi-
Williams, MD', Jeffery Nahmias, MD, MHPE', Joseph
Carmichael, MD', Ninh T. Nguyen, MD', and Michael }.
Stamos, MD'

Abstract

Introduction: Postoperative Clostridium difficile infection (CDI) has associated morbidity, but it is unknown how it impacts
different operations. We sought to determine the incidence and postoperative morbidity following abdominal surgery.

Method: The National Surgical Quality Improvement Program database (2015-2019) was utilized to evaluate adult (=18
years-old) patients who developed CDI following laparoscopic abdominal operations. Univariate and multivariate analysis
were performed to evaluate outcomes.

Results: A total of 973 338 patients were studied and the overall incidence of CDI was .3% within 30 days of operation.
Colorectal surgery had the highest incidence of CDI (1601/167 949,1.0%) with significantly longer mean length of stay
(LOS) (8.0 days+ 9.0, P <.0l) compared to other surgical procedures. CDI patients also had a longer mean length of stay
(6.6 8.0 vs 2.1 £ 3.6 days, P <.01) and increased mortality (1.8% vs .2%, AOR: 4.64, Cl: 3.45-5.67, P < .0l) compared to
patients without CDI.

Conclusions: This national analysis demonstrates that CDI is a significant complication following abdominal surgery and
is associated with increased LOS and mortality. Furthermore, laparoscopic colorectal surgery appears to have the
greatest risk of CDI. Future research is needed to determine the exact cause in order to decrease the incidence of CDI
by reconsidering the protocol of antibiotic use within the high-risk population.
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Introduction . . .
mortality rate, postoperative complications, prolonged

Clostridium difficile is an anaerobic, spore-forming ba- hospitalizations, and hospital cost among surgical patients

cillus, which is the most common pathogen associated
with nosocomial infections and is the leading cause of
diarrhea in hospitalized patients.' In the United States,
a recent national survey demonstrated that Clostridium
difficile infection (CDI) accounts for 15% of all health
care-associated infections.” Furthermore, CDI is associ-
ated with substantial burden on the U.S. health care
system.” In the last two decades, the dramatic increased
incidence and severity of CDI has created a worsening
public health challenge.*> Moreover, the incidence of
CDI has increased among surgical patients in the United
States.®” Specifically, there has been identified a higher
rate of CDI following colorectal and orthopedic surgery.'®
Meanwhile several studies have shown higher in-hospital

who develop CDI.*'"'> However, there has not been such
a study investigating CDI rate and outcomes among
common laparoscopic abdominal surgeries.
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Since the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP)
database allocated a specific variable to capture CDI
following surgical procedures in 2015, in this study we
aimed to determine the incidence and outcome of CDI
among laparoscopic abdominal surgery using a national
database, hypothesizing that laparoscopic colorectal op-
erations are correlated with higher CDI incidence com-
pared to other common laparoscopic abdominal surgeries.

Materials and Methods

The 2015 to 2019 ACS-NSQIP database was reviewed to
evaluate adult (>18 years-old) patients who developed
CDI following laparoscopic abdominal operations in-
cluding colorectal surgery, bariatric surgery, cholecys-
tectomy, esophageal surgery, appendectomy, and
abdominal wall hernia repair. Patients with a diagnosis of
disseminated cancer were excluded. Patients were divided
into two groups CDI and Non-CDI for comparison of the
outcomes. As this is a national deidentified database this
study was deemed exempt for IRB approval and a waiver
of consent granted.

Variables used in the analysis were provided by the
NSQIP database and included patient demographics
(age, sex, and race), American Society of Anesthesiol-
ogists Physical Status (ASA) score, as well as patient
comorbidities including moderate or severe dyspnea,
ascites, diabetes mellitus requiring medication, chronic
steroid use, history of severe chronic obstructive pul-
monary disease (COPD), weight loss more than 10% in
last six months, preoperative pneumonia, preoperative
acute renal failure, preoperative history of smoke, pre-
operative wound infection, preoperative sepsis, pre-
operative history of dialysis, and hypertension requiring
medication.

The outcomes evaluated were overall 30-day mor-
bidity and 30-day mortality, surgical site infections
(SSI), venous thromboembolism (VTE), pneumonia,
unplanned intubation, ventilator dependency more than
48 hours, urinary tract infection, sepsis, septic shock,
acute renal failure, unplanned operation, unplanned
readmission, and hospital length of stay more than
30 days. Outcomes were evaluated based on the pre-
defined CDI and Non-CDI groups. In addition, the in-
cidence of CDI was calculated across different
operations. Risk adjusted analysis was performed to
identify associations between CDI and postoperative
complications following surgery.

Statistical analysis was performed with SPSS®
software, Version 23 (SPSS Inc., Chicago, IL). Lo-
gistic regression analysis was used to estimate the
association between CDI and each outcome, including
30-day day mortality and all of the considered post-
operative complications. P values less than .05 were

considered statistically significant. For each outcome,
the adjusted odds ratio (AOR) with a 95% confidence
interval were calculated and reported to estimate the
relative risk associated with CDI. Adjustments were
made based on univariate analysis results for hyper-
tension, dyspnea, emergent admission, ASA score
more than two, steroid use, COPD, weight loss, as-
cites, age, sex, and race.

Results

A total of 973 338 patients were studied and the overall
incidence of CDI was .3% within 30 days of operation.
Of these, the CDI rate was highest for colorectal surgery
at 1.0% (1601 of 167 949) and lowest following hernia
repair at .1% (144 of 154 389). The CDI rate was .3%
following esophageal surgery (96 of 36 799), .3%
following appendectomy (628 of 213 706), .2% fol-
lowing cholecystectomy (461 of 278 273), and .2%
following bariatric surgery (195 of 121 470). For pa-
tients with CDI, mean length of stay (8 + 9 days) was
longer for colorectal operations compared to other ab-
dominal operations (Esophageal 6.5+7.1, Cholecys-
tectomy 6.147.1, Bariatric 4.8+7, Hernia 5.2+7.7, and
Appendectomy 4.2+£5.5, P < .01).

Patient demographics and comorbidities are listed in
Table 1 CDI versus non-CDI. Mean length of hospitali-
zation was significantly longer in patients with versus
without CDI (6.6 £ 8.0 vs 2.1 £ 3.6 days, respectively, P <
.01). Mean operation time in patients with and without CDI
were 137 = 92 and 93 + 74 minutes, respectively (P <.01)
(Table 1).

Risk adjusted analysis of factors associated with CDI
included ascites (AOR 3.12, P < .01), ASA more than 4
and 5 (AOR 2.74, CI 1.93-3.24, AOR 2.50, CI 1.98-3.47,
respectively, P < .01), preoperative sepsis (AOR 2.21, CI
1.89-2.47, P < .01), and colorectal operation (AOR 2.16,
CI 1.89-2.47, P < .01) (Table 2).

The unadjusted mortality rates in patients with and
without CDI were 1.8% and .2%, respectively, P < .01.
After adjusting for comorbidities, risk of mortality was
higher in patients with CDI (AOR 4.64, C13.45-5.67, P <
.01). Multivariate analysis also confirmed the association
of CDI with worse patient outcomes including unplanned
readmission (AOR 10.45, CI 9.90-12.82, P < .01), un-
planned reoperation (AOR 9.93, CI 8.91-10.94, P < .01),
septic shock (AOR 8.14, CI 6.68-9.91, P < .01), sepsis
(AOR 8.03, CI 6.96-9.26, P < .01), and ventilator de-
pendency (AOR 7.80, CI 6.24-9.76, P < .01) (Table 3).

Finally, on multivariate analysis, a comparison of the
likelihood of developing CDI following common lapa-
roscopic abdominal procedures demonstrated the odds of
developing CDI was significantly higher following co-
lorectal surgery compared to all other surgeries (AOR
2.16, CI 1.89-2.47, P < .01) (Figure 1).
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Table |I. Demographics and Comorbidities of Patients Who Underwent Laparoscopic Abdominal Operations in the United States,

2015-2019(CDI vs Non-CDlI).

Patients characteristics CDI (3,125) Non-CDI (970 213) P-Value
Age Mean, year 59.5%17 50+17.3 <.0l
Median, year 62 55 —
Sex Male 1260 (40.3%) 413 307 (42.6%) <.0l
Race White 2441 (78.1%) 690 018 (71.1%) .03
African American 217 (6.9%) 88 765 (9.1%) .001
Asian 72 (2.3%) 28 826 (3%) 245
Other 5 (2%) 8880 (.9%) .18
Admission Emergency 563 (18%) 170 343 (17.6%) 23
Other variables ASA score >Two® 2692 (94.8%) 856 747 (88.3%) <.0l
Hypertension 1487 (47.6%) 339 782 (35%) <.0l
Smoking 464 (14.8%) 148 185 (15.3%) .53
Weight loss 95 (3%) 8753 (.9%) <.0l
Dyspnea 218 (7%) 44 948 (4.6%) <.0l
COPDP 184 (5.9%) 25 323 (2.6%) <.0l
Diabetes mellitus 430 (13.8%) 124 399 (12.8%) 1
Steroid use 221 (7.1%) 30 000 (3.1%) <.0l
Hypoalbunemia® 1419 (45.4%) 414 302 (42.7%) <.0l
Ascites 17 (.5%) 886 (.1%) <.0l
Renal failure Il (.4%) 1087 (.1%) <.0l
Dialysis 60 (1.9%) 3984 (.4%) <.0l
Wound infection 42 (1.3%) 3554 (4%) <.0l
Sepsis 239 (7.6%) 29 131 (3%) <.0l
Mean length of stay (Days + SD) 6.6 £8.0 2.1 £3.6 <.0l
Mean operative duration (minutes +SD) 137 £ 92 93 + 74 <.0l
*American Society of Anesthesiologists.
®Chronic Obstructive Pulmonary Disease.
“Serum albumin level lower than 3.5 g/dL.
Table 2. Risk-Adjusted Analysis of CDI Predictors.
Patients characteristics AOR 95% Cl P-Value
Age Mean, year 1.20 1.01-1.25 <.0l
Sex Male .83 .77-90 <.0l
ASA ASA 2 1.27 1.04-1.54 0lé
ASA 3 1.6l 1.31-1.98 <.0l
ASA 4 2.50 1.93-3.24 <.0l
ASA 5 2.74 1.98-3.47 <.0l
Admission Emergency .15 1.01-1.31 .028
Hypertension 99 .90-1.08 .85
Weight loss 1.48 1.18-1.84 <.0l
Dyspnea 97 .83-1.14 .76
COPD 1.21 1.02-1.44 <.0l
Steroid use 1.41 1.22-1.64 <.0l
Hypoalbunemia 1.13 1.05-1.22 <.0l
Ascites 3.12 1.81-5.3 <.0l
Wound infection 1.55 1.11-2.18 <.0l
Sepsis 2.21 1.89-2.47 <.0l
Operation type compared to hernia Colorectal 2.16 1.89-2.47 <.0l
Esophageal .59 A7-76 <.0l
Appendectomy .52 43-.68 <.0l
Bariatrics 48 .39-.58 <.0l
Cholecystectomy 48 42-56 <.0l
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Table 3. Risk Adjusted Analysis of Complications in CDI Patients Compared to Non-CDI.

Complications CDI (3,125) Non-CDI (970 213) AOR 95%Cl P-Value
In hospital mortality 56 (1.8%) 22 174 (2%) 4.64 3.45-5.67 <.0l
Overall morbidity 1058 (33.9%) 69 621 (6.2%) 5.84 5.35-6.37 <.0l
Hospitalization > 30 Days 98 (3.1%) 3294 (.3%) 345 3.14-4.85 <.0l
Surgical site infection (SSI) 434 (13.9%) 24 181 (2.5%) 5.0 4.96-5.60 <.0l
Acute renal failure 40 (1.3%) 915 (.1%) 7.36 5.20-10.40 <.0l
Venous thromboembolism (VTE) 76 (2.4%) 4049 (.4%) 3.92 3.07-5.02 <.0l
Ventilator dependency 104 (3.3%) 2084 (.2%) 7.80 6.24-9.76 <.0l
Unplanned intubation 96 (3.1%) 2848 (.3%) 5.23 4.16-6.57 <.0l
Pneumonia 165 (5.3%) 5285 (.5%) 5.45 4.56-6.23 <.0l
Urinary tract infection 109 (3.5%) 6940 (.7%) 3.32 2.69-4.10 <.0l
Sepsis 368 (11.8%) 15 124 (1.6%) 8.03 6.96-9.26 <.0l
Septic shock 142 (4.5%) 2736 (.3%) 8.14 6.68-9.91 <.0l
Unplanned reoperation 281 (9%) 15 088 (1.6%) 9.93 8.91-10.94 <.0l
Unplanned readmission 1176 (37.6%) 41 162 (4.2%) 10.45 9.90-12.82 <.0l
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Figure |. Adjusted odds of developing CDI by surgical procedure relative to hernia repair. On multivariate analysis, the odds of
developing CDI was significantly higher following colorectal surgery compared to all other surgeries (AOR 2.16, Cl 1.89-2.47,P < .0l).

Discussion

Clostridium difficile infection remains a substantial bur-
den on the healthcare system and is associated with in-
creased morbidity and mortality following laparoscopic.

While prior reports have identified risk factors, in this
study, it is the first-time using ACS-NSQIP database to
focus on five major laparoscopic procedures including
colorectal surgery, bariatric surgery, cholecystectomy,
esophageal surgery, and appendectomy and abdominal
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wall hernia repair to explore to investigate the incidence of
CDI and how CDI affects the surgical outcome.

The overall incidence rate of CDI among nearly 1
million patients undergoing laparoscopic surgery was
.3%, which is lower than prior published incidence rates.
Zerey M et al reported .52% CDI incidence rate at U.S.
hospitals for patients undergoing a general surgical pro-
cedure from 1999-2003.° Moreover, a prospective,
population-based study by Abdelsattar Z et al found that
.51% patients undergoing surgery including amputation,
endocrine, gynecologic, and general procedures de-
veloped a hospital-acquired postoperative CDL.'® Another
study found that the overall incidence of CDI was low
with .13% developing CDI after laparoscopic bariatric
surgery,’® which indicated the difference in the overall
incidence of postoperative CDI among different types of
procedure. For instance, the study by Abdelsattar reported
that incidence rate of CDI was as high as 2.6% after lower-
extremity amputation.'”

The incidence rate of CDI in patients undergoing
colorectal surgery is 1% in our current study, which is
consistent with other studies.*'® In the hospitalized
population, immune-compromised status, exposure to C.
difficile spores and disrupted normal colonic microbiome
are main risk factors for CDL'* Previous studies have
shown that gastrointestinal surgery, particularly colorectal
surgery is associated with CDL.' High incidence rate of
CDI among colorectal operations might be explained by
disruption of the gut microbiome by maybe bowel prep
and/or surgical procedure on the colon itself.'® Antibiotic
use can have several negative effects on the gut micro-
biota, including reduced species diversity, altered meta-
bolic activity, and the selection of antibiotic-resistant
organisms, which in turn can lead to antibiotic-associated
diarrhea and development of CDL'’

Our study demonstrated that other risk factors for CDI
development included preoperative ascites, higher ASA
score (>2), preoperative sepsis (AOR 2.21, P < .01),
preoperative wound infection, preoperative weight loss,
male gender, steroid use, and hypoalbumenia which is
similar to previously published study which was con-
ducted in veteran health administration.'®

Also, we found that people who develop postoperative
CDI have higher in-hospital mortality rate, postoperative
complications, prolonged hospitalizations which is con-
sistent with previously published studies investigating
patients among various surgical specialties.'""'® These
findings emphasize on use of risk stratification tools to
identify the perioperative risk of CDI development and
aids in clinical triage, decision making, and quality as-
sessment in a wide variety of surgical fields. This can be
combined with appropriate antibiotic stewardship pro-
gram interventions for patients at risk for CDI.

There are several limitations in this study. The main
limitation is the retrospective nature of our study that

prevents the ability to identify causation. The wide var-
iation in hospital setting, hospital quality, and surgeons’
expertise in a nationwide database can also confound data
from this study but alternatively allows better general-
izability. Also, there is no available data in NSQIP da-
tabase regarding the antibiotic regimen perioperatively
and any antibiotics that were given later in the hospital
course. Despite these limitations, our study is one of the
largest samples of the impact of CDI on common lapa-
roscopic abdominal operations to date.

Conclusion

Postoperative CDI continues to be cause of morbidity for
common laparoscopic surgery including increased length
of stay, postoperative complications, and mortality. Fur-
thermore, laparoscopic colorectal surgery appears to have
the greatest risk. Future research is needed to determine
the exact cause in order to decrease the incidence of CDI
by reconsidering the protocol of antibiotic use within the
high-risk population.
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