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Abstract

BACKGROUND

Clostridium difficile infection (CDI) occurs due to a dysbiosis in the colon. The
appendix is considered a ‘safe house’ for gut microbiota and may help repopulate
gut flora of patients with CDIL

AIM
To study the impact of prior appendectomy on the severity and outcomes of CDI.

METHODS

We retrospectively reviewed data of 1580 patients with CDI, admitted to our
hospital between 2008 to 2018. Patients were grouped based on the presence or
absence of the appendix. The primary aim was to (1) assess all-cause mortality
and (2) the severity of CDI. Severity was defined as per the Infectious Diseases
Society of America criteria. Logistic regression, and propensity score analysis
using inverse probability of treatment weights (IPTW) was performed.

RESULTS

Of the 1580 patients, 12.5% had a history of appendectomy. There was no
statistical difference in mortality between patients with a prior appendectomy or
without (13.7% vs 14%, P = 0.877). However, a history of appendectomy affected
the severity of CDI [odds ratio (OR) = 1.32, 95% confidence interval: 1.01-1.75]. On
IPTW, this association remained significant (OR = 1.59, P < 0.05). On multivariable
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analysis of secondary outcomes, prior appendectomy was also associated with
toxic megacolon (OR = 5.37, P < 0.05) and colectomy (OR =2.77, P < 0.05).

CONCLUSION
Prior appendectomy may affect the severity of CDI, development of toxic
megacolon and the eventual need for colectomy. Since treatment of CDI is
governed by its severity, stronger antibiotic regimens or earlier use of fecal
microbiota transplant may be a viable option for patients with prior
appendectomy.

Key Words: Appendectomy; Clostridium difficile; Toxic megacolon; Colectomy; Gut
microbiome

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Clostridium difficile (C. difficile) infection occurs due to a dysbiosis of the
gut. The appendix is known to host immune tissue and favorable gut microbiota, which
may indirectly influence the disease course and outcomes in C. difficile infection. We
found that prior appendectomy may affect the severity of C. difficile infection, and it
may also increase the risk of developing toxic megacolon or requiring colectomy in
these patients. Thus, earlier implementation of advanced therapeutic options may be
necessary in patients without an appendix who develop C. difficile infection.

Citation: Shaikh DH, Patel H, Munshi R, Sun H, Mehershahi S, Baiomi A, Alemam A, Pirzada
U, Nawaz I, Naher K, Hanumanthu S, Nayudu S. Patients with Clostridium difficile infection
and prior appendectomy may be prone to worse outcomes. World J Gastrointest Surg 2021,
13(11): 1436-1447

URL: https://www.wjgnet.com/1948-9366/full/v13/i11/1436.htm

DOI: https://dx.doi.org/10.4240/wjgs.v13.i11.1436

INTRODUCTION

Clostridium difficile (C. difficile) is a gram positive, spore forming bacterium that spreads
via the fecal-oral route, and causes an opportunistic Infection when a disruption in the
normal intestinal flora occurs. C. difficile infection (CDI) is typically acquired in the
healthcare setting, such as during hospitalizations, however community spread is also
established. Recent prevalence studies demonstrate a decline in health care-associated
CDI (by 24% from 2011 through 2017) as a result of better prevention practices and
antibiotic stewardship programs, whereas the national burden of community-
associated CDI has remained unchanged[1,2]. The clinical spectrum of CDI ranges
from a mild diarrheal illness to a fulminant colitis, leading to shock and possible death.
It is diagnosed via stool studies (presence of C. difficile toxins or toxigenic strain of C.
difficile in stool), or the presence of typical colonoscopy findings of pseudomem-
branous colitis.

Treatment of CDI is governed by its severity on presentation, and in order to define
the severity, several scoring systems are available. The components of the majority of
these scales include patient comorbidities, clinical manifestations, laboratory tests, and
imaging studies[3]. The most widely used of these scores was published in the 2010
Society for Healthcare Epidemiology of America and Infectious Diseases Society of
America (IDSA) Clinical Practice Guidelines (Table 1). It categorizes CDI into mild,
severe, and severe, complicated[4]. The term “fulminant” is sometimes used to
describe severe, complicated CDI[5]. This classification was derived from expert
opinion and includes factors that predict unfavorable outcomes in CDI, such as serum
creatinine > 1.5 mg/dL, leukocyte count > 15 x 10°/L, ileus, toxic megacolon and
shock.

In recent times, reports have emerged that recognize a history of appendectomy as
an influence on the severity of CDI[6-8]. The vermiform appendix has long been
considered a vestigial organ, however recent studies have elicited an abundance of
favorable gut microbiota within the appendix, with the highest concentration in the
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Table 1 Classification of Clostridium difficile infection severity based on the Infectious

Diseases Society of America criteria

Severity IDSA criteria

Mild WBC < 15 x 10°/L and serum creatinine < 1.5 times premorbid
level

Severe WBC =15 x 10?/L, or serum creatinine > 1.5 times premorbid level

Fulminant (severe, complicated) Hypotension, shock, ileus, or megacolon

IDSA: Infectious Diseases Society of America; WBC: White blood cell.

innermost region, safely sheltered from colonic fecal stream[9,10]. The appendix is also
said to harbor gut associated lymphoid tissue comprising of plasma B cells that
produce high levels of secretory immunoglobulin A[11]. These antibodies may play a
protective role in CDI, as reported by several small studies[12,13]. Larger epidemi-
ological studies have also reinforced the appendix’s role as an immunomodulatory
organ. A history of appendectomy is believed to prevent the development of ulcerative
colitis (UC)[14,15], and reduce the risk of colectomy in these patients[16].

We postulate that the appendix may be able to repopulate the large intestine with
commensal organisms, or provide passive immunity should the colon fall prey to C.
difficile. Accordingly, its absence may be detrimental to recovery from CDI. Previous
reports have corroborated a similar claim. Im et al[8], demonstrated the protective role
of the appendix in CDI recurrences in 254 patients. Clanton et al[17] reported a higher
rate of appendectomy in patients with fulminant CDI that resulted in a colectomy.

Based on the appendix’s ‘safe house’ theory, we set out to determine if there exists
an association between prior appendectomy and outcomes (severity, recurrence,
mortality) of CDL

MATERIALS AND METHODS
Study design

This was a single-center, retrospective cohort study, spanning a period of 10 years
from April 2008 to November 2018. The study protocol was approved by the
Institution Review Board at BronxCare Health System and was performed as per the
Declaration of Helsinki (IRB # 12131804). Data for hospitalized patients with positive
C. difficile stool test was retrieved using the electronic medical record (EMR). A
positive stool test was defined as (1) positive results of stool C. difficile toxin (Toxin A
or Toxin B) and glutamate dehydrogenase (GDH) antigen, or (2) positive C. difficile
nucleic acid amplification test in cases of discrepancy between C. difficile toxin and
GDH antigen. Medical records for patients with CDI were reviewed, and all
asymptomatic carriers were excluded.

Baseline socio-demographic characteristics included age, gender, body mass index
(BMI) and ethnicity. Data was extracted from admission records except for ethnicity,
which was self-reported. EMR was used to obtain patients” comorbidities. The blood
chemistry and cell counts were obtained from the first set of the laboratory parameters
acquired after the diagnosis of CDI. Past surgical history was scanned for information
on prior appendectomy. Available abdominal imaging [ultrasound or computed
tomography (CT) scan] prior to the onset of CDI was also reviewed to assess for the
presence or absence of the appendix. When information was not available on history
or imaging, the patient was considered to have an intact appendix. Records were also
reviewed to assess prior use (within the preceding three months of CDI onset) of
antibiotics, proton pump inhibitors (PPI), steroids and chemotherapy.

Study outcomes

The primary outcomes for the current study were: (1) All-cause mortality; and (2)
Severity of CDI. The charts of all patients, including their hospital course, were
reviewed to document these findings including the recurrence rate, development of
toxic megacolon, and the subsequent need for colectomy attributable to CDI. Mortality
was defined as death within the same hospital admission as the CDI. Ileus was
obtained from reported abdominal imaging (X-ray or CT scan) during the same
hospital admission as the CDI. Additionally, data regarding the incidence of toxic
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megacolon was obtained from abdominal imaging (X-ray or CT scan) or the surgical
operative note in cases where patients underwent colectomy during the same hospital
admission as the CDI diagnosis. The severity of CDI was defined as per the IDSA
guidelines (Table 1).

Recurrence was defined as a new episode of symptom onset, and positive assay
result following a successfully treated prior episode of CDI in the previous 2-8 wk.
Length of stay (LOS) was calculated from the EMR from the day of admission to
discharge or death.

Statistical analysis

Patients were divided into two groups based on the history of appendectomy. The
demographic information, comorbid medical conditions, and laboratory parameters
were collected and stratified across both groups. Frequencies and percentages were
reported for categorical variables. The mean and standard deviation were used to
summarize continuous normal variables, while the median and interquartile range
were used for continuous non-normal variables such as the LOS.

Univariate analysis was performed using Chi-square test independence for
categorical variables. Continuous variables were compared using unpaired t-test and
one-way ANOVA for two and more than two groups, respectively. For non-normal
variables, Mann-Whitney and Kruskal-Wallis tests were used alternatively.

Multivariate analysis was performed using two methods in order to control and
reduce the selection bias and other potential confounders in retrospective studies: (1)
Multivariate logistic regression; and (2) Inverse probability of treatment weights
(IPTW). Logistic regression was used to assess the association of prior appendectomy
with primary and secondary outcomes after correcting for age, gender, BMI,
comorbidities, and the prior use of antibiotics, steroids, and PPI. The binominal logistic
regression was used for mortality and recurrence. Ordinal logistic regression and
Poisson regression were used for CDI severity and LOS, respectively.

For IPTW, propensity scores were created by matching groups based on gender,
age, prior PPI use, prior steroid use, and use of chemotherapy. Weights were
calculated as the inverse of the propensity scores for patients with appendectomy. The
control group weights were calculated by subtracting the propensity scores from unity
and inverting the resulting score. Boosted logistic regression (using 20000 trees) was
used to calculate propensity score. Average treatment effect (ATE) was used as an
estimate during calculations. The balance was measured and assessed using the
standardized effect size or standardized mean difference (SMD).

SPSS version 25 and R version 3.6.3 was used to perform the analysis.

RESULTS

CDI was diagnosed in 1580 hospitalized patients during the study period. The mean
age of the patients was 57.1 + 15.7 years at diagnosis. Females represented 51.2% of all
patients. Data regarding race was missing for 40% of the patients. Of the remaining,
African Americans constituted the majority (39%). Less than half of the patients
presented with a mild CDI presentation (45%, n = 710), 36% (n = 566) were categorized
into the severe CDI presentation and 19% (n = 304) presented with fulminant (severe,
complicated) CDI. The all-cause mortality in the study population was 14% (n = 220).
The recurrence rate was 14.4% (n = 228), with a mean and a median of 1.48 and 1.0
recurrences, respectively. The average LOS was 17.8 + 31.89 d.

There was evidence of prior appendectomy in 12.5% (n = 198) of the patients. The
appendectomy status in most of these patients (61%, n = 122) was documented on the
CT scan of the abdomen. Comparing baseline characteristics between both groups
(Table 2) revealed some differences. The percentage of females who had a prior
appendectomy was significantly higher than the percentage who did not (59% vs 50%,
P =0.022). Information regarding BMI was available in less than half of the study
population (n = 691), and there was no significant difference observed between the
two groups. The age of the patients in both groups was also comparable, with no
statistical significance. The prior use of antibiotics and PPI was more prevalent in
individuals with prior appendectomy than individuals with no history of
appendectomy, however only prior PPI use was statistically significant (P = 0.001).
Prevalence of major comorbid conditions such as hypertension, diabetes,
asthma/chronic obstructive pulmonary disease, coronary artery disease, and chronic
kidney disease was comparable between the two groups. The prevalence of UC in
patients with CDI was slightly higher amongst patients with a history of
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Table 2 Baseline information of patients with Clostridium difficile infection compared between patients with appendectomy and no

history of appendectomy

Variable All patients (%) No prior appendectomy (%)  Prior appendectomy (%) P value n
1580 1382 (87.5) 198 (12.5)

Age 57.1+15.7 57.1+15.6 56.8 £17.0 0.812 1580

Gender 0.022 1580

Female 809 (51.2) 692 (50.1) 117 (59.1)

Male 771 (48.8) 690 (49.9) 81 (40.9)

Ethnicity 0.439 1580

African American 611 (38.67) 540 (39.1) 71 (35.9)

Hispanic 262 (16.6) 228 (16.5) 34 (17.2)

Caucasian 58 (3.73) 52 (3.8) 6 (3.03)

Others 10 (0.63) 7 (0.51) 3 (1.52)

Not available 639 (40.4) 555 (40.2) 84 (42.4)

Comorbidities 1580

Hypertension 1210 (76.58) 1022 (73.95) 153 (77.27) 0.815

Diabetes mellitus 741 (46.89) 618 (44.71) 102 (51.51) 0.384

Obstructive lung disease 752 (47.56) 633 (45.80) 95 (47.97) 0.933

Coronary artery disease 480 (30.37) 407 (29.45) 57 (28.78) 0.802

Chronic kidney disease 477 (30.18) 406 (29.37) 56 (28.28) 0.819

Inflammatory bowel diseases 1580

Ulcerative colitis 117 (7.40) 103 (7.45) 9 (4.54) 0.203

Crohn’s disease 42 (2.66) 37 (2.67) 4(2.02) 0.803

Risk Factor of CDI

Prior use of antibiotics 768 (52.2) 656 (51.3) 112 (58.3) 0.086 1470

Prior use of PPI 429 (29.0) 353 (27.4) 76 (39.4) 0.001 1480

Prior use of steroids 128 (8.73) 110 (8.63) 18 (9.1) 0.838 1467

Prior chemotherapy 50 (3.35) 45 (3.46) 5(2.59) 0.678 1492

Known malignancy 175 (11.4) 147 (11.0) 28 (14.1) 0.232 1539

Liver cirrhosis 117 (8.42) 98 (8.19) 19 (9.84) 0.531 1389

HIV infection 406 (34.5) 362 (35.2) 44 (29.3) 0.186 1389

C. difficile related complication

Tleus on imaging 52 (3.90) 41 (3.59) 11 (5.67) 0.237 1335
Admission to ICU 615 (40.6) 526 (39.8) 89 (46.1) 0113 1514
Intubation 298 (19.9) 258 (19.8) 40 (20.7) 0.846 1494

Clinical variable

Body mass index (kg/m?) 27.69+7.7 27.78 £7.79 26.70 £ 6.75 0.1890 690
Mean arterial pressure (mmHg) 924 +18.2 92.6 £18.3 90.5+£17.5 0.115 1467
Pulse beats per minute 91.7£20.8 91.6 £21.0 92.3+20.0 0.700 1464

Laboratory parameters

Hemoglobin g/dL 11.2+2.93 11.2+£2.98 11.2 £2.58 0.819 1533

White blood cell (cells/mm?) 11.6 £8.04 11.4 £8.06 131+£7.71 0.005 1533

Albumin (mg/dL) 3.37£0.82 3.38 £0.81 3.31+0.87 0.309 1502
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Blood urea nitrogen (mg/dL)
Serum creatinine (mg/dL)

Lactic acid (mg/dL)
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26.9 £26.0 26.9 £25.8 26.7 £27.3 0.925 1531
1.85+2.26 1.85+224 1.88 £2.43 0.830 1531
213 +£227 2.16+2.33 1.92+1.82 0.127 1372

C. difficile: Clostridium difficile; CDI: Clostridium difficile infection; PPI: Proton pump inhibitors; HIV: Human immunodeficiency virus; ICU: Intensive care

unit.
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appendectomy (7.45%), compared to those with an intact appendix (4.54%), though
this was not clinically significant (P = 0.203). We found no difference in the prevalence
of Crohn's disease in our study population between patients with and without an
appendix (2.02% vs 2.67%, P = 0.803). There were no differences in the laboratory
parameters except for leukocytosis. Individuals with prior appendectomy demon-
strated higher leukocyte counts (13.1 x 10*cells/dL) as compared to those without
prior appendectomy (11.4 x 10*cells/dL) (P = 0.005). Both groups revealed no
significant difference in the requirement of critical care monitoring for CDI, the need
for endotracheal intubation, or ileus on imaging studies.

Prior appendectomy was associated with the severity of presentation, toxic
megacolon attributable to C. difficile colitis, and colectomy (Table 3). The association
with the latter two parameters was statistically significant at the 0.1 level, whereas,
association of prior appendectomy with the severity of presentation was significant at
P < 0.05 level. Patients with prior appendectomy were more likely to present with a
higher grade of severity [odds ratio (OR) = 1.32, P < 0.05]. The rates of severe and
fulminant CDI were higher in patients with prior appendectomy (39% and 23%,
respectively) than patients with no prior appendectomy (35% and 19%, respectively).
Mild presentation was more common in patients with no prior appendectomy. There
was no significant difference in the recurrence rates of CDI.

After the use of IPTW, the association between prior appendectomy and the IDSA
severity did not change (OR = 1.59, P < 0.05), which indicates that a history of
appendectomy in CDI is associated with 59% higher odds of presenting with a higher
IDSA severity. The association between appendectomy and toxic megacolon did not
change either. Prior appendectomy did not show a statistically significant association
with recurrence, LOS, the need for colectomy, or mortality after the use of IPTW.

The severity of C. difficile (Table 4) was associated with mortality. Mortality was
highest in patients with a fulminant presentation (46%, n = 146 of 314), as compared to
the severe or mild manifestation of CDI (P < 0.001). The severity of CDI was as per the
IDSA criteria, and patients with toxic megacolon and colectomy were considered in
the fulminant C. difficile colitis category. The median LOS increased with increasing
IDSA severity. Patients with mild CDI had a median LOS of 8 d, while patients with
severe and fulminant CDI had median LOS of 10 and 19 d, respectively (P < 0.001).
The mean BMI was similar between mild and severe presentations of CDI, whereas,
patients with fulminant CDI were noted to have a slight increase in mean BMI, though
not statistically significant (Table 5).

Multivariate logistic regression analysis (Table 6) showed that older age was
associated with higher mortality in CDI patients (OR = 1.02, P < 0.001). Age did not
show a statistically significant association with recurrence, toxic megacolon, or the
need for colectomy. None of the included factors showed a statistically significant
association with recurrence of CDI. Interestingly, prior appendectomy status was
associated with higher odds of toxic megacolon (OR = 5.37, P < 0.05) and higher odds
of requiring a colectomy (OR = 2.77, P < 0.05).

DISCUSSION

Appendectomy remains the standard of care for the treatment of acute uncomplicated
appendicitis. More than 300000 appendectomies are performed annually in the United
States, making it one of the most commonly performed procedures by general
surgeons. Our study demonstrated a 12.5% prevalence of prior appendectomy in our
patient population, which is similar to the general population (12%-23%), based on
epidemiological studies. More females had prior appendectomy compared to males
(59% vs 50%, P = 0.019), a claim which is also consistent with population studies that
demonstrate a higher lifetime risk of appendectomy in females compared to males[18].
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Table 3 Comparison of the Clostridium difficile infection outcomes based on the prior appendectomy status and the inverse probability

of treatment weights analysis

Outcome Total No prior appendectomy Prior appendectomy OR (95%Cl) P value
n 1580 1382 198

n IP-weighted 1572 1354

Mortality

1 (%) 220 (13.9) 193 (14.2) 27 (13.7) 0.97 (0.61-1.47) 0.877
n IP-weighted (%) 218 (14) 207 (15.5) 1.12 (0.65-1.92) 0.685
Recurrence

n (%) 228 (14.4) 199 (14.4) 29 (14.6) 1.02 (0.66-1.54) 0.915
n IP-weighted (%) 228 (14.5) 204 (15.1) 1.05 (0.66-1.67) 0.847
Toxic megacolon

n (%) 7 (0.4) 4 (0.34) 3 (1.57) 4.75 (0.87-22.9) 0.069
n IP-weighted (%) 5(0.3) 19 (1.5) 4.32 (0.91-20.57) 0.066
Colectomy

n (%) 22 (1.4) 16 (1.19) 6 (3.06) 2.65 (0.93-6.59) 0.067
n IP-weighted (%) 18 (1.2) 24 (1.8) 1.53 (0.55-4.27) 0.413
Severity (IDSA)

Before IPTW 132 (1.01-1.75) 0.043
Mild, n (%) 710 (44.9) 634 (45.9) 76 (38.4)

Severe, 11 (%) 566 (35.8) 489 (35.4) 77 (38.9)

Fulminant, n (%) 304 (19.2) 259 (18.7) 45 (22.7)

After IPTW 1.59 (1.15-2.18) 0.005
Mild, n (%) 724 (46.1) 472 (34.8)

Severe, 11 (%) 557 (35.4) 526 (38.8)

Fulminant, n (%) 291 (18.5) 356 (26.3)

LOS among survivors

Median (IQR) 9 (5.00; 18.0) 10 (6.50; 20.0) 1.1 (0.94-1.28) 0.233
Median (IQR)-IPTW 10 (5.00; 20.0) 12 (7.00; 23.00) 0.9 (0.74-1.1) 0.318

Data were summarized using counts and percentages before inverse probability of treatment weights (IPTW) and weighed counts and percentages after

IPTW. Statistical analysis was performed using logistic regression for categorical variables and Poisson regression for length of stay (LOS). Analysis for
LOS included only patients who were discharged. Ordinal logistic regression was used to assess the association between history of appendectomy and
Infectious Diseases Society of America severity. CI: Confidence interval; OR: Odds ratio; IQR: Interquartile range; IPTW: Inverse probability of treatment
weights; LOS: Length of stay; IDSA: Infectious Diseases Society of America.
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CDI is the leading cause of hospital-acquired diarrhea in the United States and
accounts for significant morbidity and mortality, burdening the healthcare system an
additional 1 to 3 billion dollars in costs annually[7]. The all-cause mortality, attrib-
utable to CDI in our study population was 14%, whereas epidemiological studies
estimate a mortality rate directly related to CDI at 5%, and a mortality associated with
CDI complications between 15%-25%[19].

Our results show that patients with a prior appendectomy had a more severe course
of CDI (Figure 1), and outcomes of toxic megacolon and colectomy were also higher
(Figure 2). Even though patients with appendectomy did have more severe and
fulminant course of CD]I, our research did not demonstrate a higher rate of mortality in
these patients. Of the two markers of severity, namely serum creatinine and white cell
count, there was no significant difference seen in the serum creatinine level between
the two groups. Thus the higher severity was mostly attributable to a higher leukocyte
count in CDI patients with a prior appendectomy. Furthermore, a history of
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Table 4 Association between Clostridium difficile infection outcomes and severity of the presentation

Severity (IDSA)
Outcomes Mild (n = 710) Severe (n = 566) Fulminant (n = 304) P value
Mortality (%) 29 (4.1) 44.(7.7) 147 (48.3) <0.001
Recurrence (%) 98 (13.8) 81 (14.3) 49 (16.1) 0.063
Toxic megacolon (%) 0 0 7 (23) <0.001
Colectomy (%) 0 0 22 (7.2%) <0.001
Length of stay (median) 8 (4.00; 14.00) 10.0 (6.00; 18.0) 19 (10.0; 30.0) <0.001

Counts and percentages were used to summarize categorical variables. The median (interquartile range) was used to summarize length of stay (LOS).
Statistical analysis was performed using the Chi-square test of independence. LOS was compared using the Kruskal-Wallis test. Analysis for LOS included
only patients who were discharged. IDSA: Infectious Diseases Society of America.

Table 5 Association between body mass index and severity of Clostridium difficile infection presentation

Severity (IDSA) Body mass index (kg/m?) P=0.412
Mild 27.66 +7.39

Severe 27.34+7.63

Fulminant 28.4+859

IDSA: Infectious Diseases Society of America.

appendectomy was positively associated with the development of toxic megacolon
and the need for colectomy at the P < 0.1 level on bivariate analysis. We postulate that
significance was not met at the P < 0.05 level due to a small overall number of patients
with toxic megacolon (n = 7) and those that underwent colectomy (n = 22), in our
study population. However, the trajectory of data suggests a possible association that
could have yielded significance at the P < 0.05 level, if the study power was increased.
Our conjecture was confirmed on multivariate regression analysis, where prior
appendectomy in CDI patients was identified as an independent predictor of both
toxic megacolon (P = 0.031) and colectomy (P = 0.044).

Prior antibiotic use, defined as use of antibiotics within 3 months prior to the onset
of CDI, was more likely in patients with appendectomy than those without, however
this was not statistically significant. Similarly, PPI use was also more likely in patients
with a history of appendectomy, and this was met with statistical significance.
Antibiotic use has a known association with the development of CDI[20], and several
meta-analysis have also reported PPI use as a risk factor for CDI, even in the absence
of antibiotics[21,22]. However, to date, both antibiotics and PPI have not been shown
to affect the severity of CDI at presentation.

Our study did not demonstrate an increased risk of CDI recurrence in patients with
prior appendectomy compared to those without, contrary to previous reports[8].
Although PPI use has also been associated with an increased risk of recurrent CDI[23],
this was not observed in our study cohort.

Other risk factors for acquiring CDI, such as a history of steroid use, chemotherapy,
cirrhosis and HIV infection were evenly distributed between the appendectomy and
non-appendectomy group.

In 2015, an estimated 1.3% of US adults (3 million) reported being diagnosed with
inflammatory bowel diseases (IBD), namely Crohn’s disease or UC[24]. The appendix
may also serve a role in IBD. Several large epidemiological cohort studies have
demonstrated the preventive effect of appendectomy on the development of UC, a
finding that has been confirmed in murine colitis models[14], though this has not been
replicated in CDI populations. A recent systematic review showed a significant inverse
association between an appendectomy and the development of UC with an overall OR
of 0.39 (95% confidence interval: 0.29-0.52)[15]. While it is known that CDI can
complicate underlying IBD, given the immunosuppressive nature of the disease[25], a
higher prevalence of UC was seen in our patients with CDI and appendectomy
keeping in line with prior studies.
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Table 6 Multivariate analysis for primary and secondary outcomes

Mortality Recurrence Toxic megacolon Need for colectomy
Variable OR (95%CI)  Pvalue OR (95%CI)  Pvalue OR (95%Cl) Pvalue OR (95%CI P value
Age 1.02 (1.01-1.03)  <0.001 1.00 (0.99-1.01)  0.626 0.99 (0.96-1.02)  0.547
Female gender Ref Ref Ref Ref
Male gender 1.32(0.97-1.81)  0.079 091 (0.67-1.22)  0.518 0.86 (0.17-4.00)  0.846 1.36 (0.55-3.46)  0.501
Prior appendectomy = Ref Ref Ref Ref
no
Prior appendectomy = 1.03 (0.64-1.59)  0.905 0.92(0.58-1.42)  0.727 5.37 (1.03-25.09)  0.031 2.77 (0.95-7.17)  0.044
yes
Prior antibiotics (no) Ref Ref Ref Ref
Prior antibiotics (yes) 1.04 (0.76-1.43)  0.788 1.07 (0.79-1.44)  0.668 0.13 (0.01-0.81)  0.065 1.58 (0.62-4.31)  0.348
Prior steroids (no) Ref Ref Ref Ref
Prior steroids (yes) 0.72 (0.37-1.30)  0.309 1.08 (0.63-1.77)  0.774 1.99 (0.10-12.38)  0.533 0.41 (0.02-2.07)  0.391
Prior PPI (no) Ref Ref Ref Ref
Prior PPI (yes) 0.89 (0.62-1.27)  0.530 1.05 (0.74-1.46)  0.790 1.08 (0.15-5.38)  0.933 1.83 (0.71-4.60)  0.196
Prior chemotherapy Ref Ref Ref Ref
(no)
Prior chemotherapy 0.92 (0.34-2.07)  0.851 0.76 (0.26-1.79)  0.570 - 4.26 (0.65-16.24)  0.063
(ves)

Multivariate analysis for mortality and recurrence was performed using binomial logistic regression. Chemotherapy was not included in the analysis of
toxic megacolon due to convergence issues. OR: Odds ratio; CI: Confidence interval; PPI: Proton pump inhibitors.

N Mild W Severe B Fulminant
50%

45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

45.90%

38.40% 38.90%

35.40%

22.70%
18.70%

No prior appendectomy Prior appendectomy

Figure 1 Infectious Diseases Society of America severity amongst Clostridium difficile infection patients with and without a history of
prior appendectomy.

The study data was further validated as it rightfully portrayed the highest mortality
and increased LOS in those with the most fulminant presentation of CDI. Our data
also demonstrated that older age had a higher risk of mortality. Age is a well-known
risk factor for CDI, especially greater than 65 years, and it also correlates with
increasing severity of infection[26].

Based on our results and analysis, we postulate that a history of appendectomy may
lead to worse outcomes in CD], likely secondary to an attenuated response to the
dysbiosis of the gut, leading to an increased inflammatory reaction. Since disease
severity is used to guide therapy, perhaps it’s prudent to screen patients with new
onset CDI for factors associated with impaired immune response, such as an absent
appendix. It would be worthwhile to investigate stronger antibiotic regimens or earlier
institution of fecal microbiota transplantation in such patients.
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Recurrence Colectomy Toxic Megacolon

mYes 13.70%

14.65% 3.06% 1.57%

= No 14.20%

14.41% 1.19% 0.34%

History of appendectomy

Figure 2 Outcomes of Clostridium difficile infection stratified according to the prior appendectomy status.
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Contrary to our hypothesis, deterministic ecological models of the colon
microbiome have not demonstrated a protective role of the appendix in CDI. These
models studied the effect of the appendicular migration rate of commensal microbiota,
and the boost to antibody production exerted by the appendix[27]. Further, a handful
of small retrospective studies did not show a positive correlation between a history of
appendectomy and CDI. Khanna et al[28], reported no difference in outcomes such as
severity, treatment failure or recurrence in patients who had undergone an
appendectomy before the development of CDI as compared to patients without an
appendectomy. Ward et al[29], studied the presence and severity of CDI in relation to
the presence or absence of an appendix, which did not demonstrate a statistically
significant association. More recently, two further analyses demonstrated that C.
difficile recurrence rate is not affected by a prior appendectomy[30], nor is there any
statistical difference in the severity or complications of CDI in the presence or absence
of the appendix[31]. It is worth noting that all of the above mentioned negative studies
had a smaller patient population compared to ours, with most under 500 patients. Yet
interestingly, the prevalence of patients with appendectomy in these studies was
similar to ours and the general population at large.

The limitations of our study include its inherent retrospective design. Our case-
control methodology does not allow for us to determine causality between appen-
dectomy and CDL. It is also subject to selection bias, as the history of appendectomy
was obtained via CT findings and on chart review. Our study, in keeping with the
common narrative, did not show a statistical increase in mortality in patients with CDI
and a history of appendectomy. Nevertheless, larger prospective studies are needed to
establish significant causation and validate our findings. To date, no prospective
studies have elicited the relationship between appendectomy and CDI.

CONCLUSION

Prior appendectomy may affect the severity of CDI, development of toxic megacolon
and the eventual need for colectomy. Since treatment of CDI is governed by its
severity, stronger antibiotic regimens or earlier use of fecal microbiota transplant may
be a viable option for patients with prior appendectomy.

ARTICLE HIGHLIGHTS

Research background
Clostridium difficile (C. difficile) is the leading cause of hospital-acquired diarrhea in the
United States and accounts for significant morbidity, mortality and healthcare costs.
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Research motivation
The vermiform appendix hosts immune tissue and favorable gut microbiota, which
may indirectly influence the disease course and outcomes in C. difficile infection (CDI).

Research objectives
We aimed to study the association between prior appendectomy and outcomes
(severity, recurrence, mortality) of CDI.

Research methods

Retrospective review of 1580 patients with CDI, assessing mortality and severity based
on the presence or absence of the appendix, using logistic regression and propensity
score analysis.

Research results

There was no statistical difference in mortality between C. difficile patients with a prior
appendectomy or without (13.7% vs 14%, P = 0.877). However, a history of
appendectomy affected the severity of CDI [odds ratio (OR) = 1.32, 95% confidence
interval: 1.01-1.75] and was also associated with the development of toxic megacolon
(OR =5.37, P <0.05), and colectomy (OR = 2.77, P < 0.05).

Research conclusions

A history of appendectomy may lead to worse outcomes in CD], likely secondary to an
attenuated response to the dysbiosis of the gut, leading to an increased inflammatory
reaction.

Research perspectives

Clinicians should be aware of the association between CDI and a history of
appendectomy, and may consider screening all patients with C. difficile for a history of
appendectomy. Further investigation into stronger antibiotic regimens or earlier
institution of fecal microbiota transplantation for patients with prior appendectomy
should be conducted if larger prospective studies can confirm and validate our results.
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