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Abstract: Antimicrobial stewardship programs (ASPs) focus on improving the utilization of broad
spectrum antibiotics to decrease the incidence of multidrug-resistant Gram positive and Gram
negative pathogens. Hospital admission for both medical and surgical intra-abdominal infections
(IAIs) commonly results in the empiric use of broad spectrum antibiotics such as fluoroquinolones,
beta-lactam beta-lactamase inhibitors, and carbapenems that can select for resistant organisms. This
review will discuss the management of uncomplicated and complicated IAIs as well as highlight
stewardship initiatives focusing on the proper use of broad spectrum antibiotics.

Keywords: antimicrobial stewardship; intra-abdominal infection; appendicitis; cholecystitis; diverticulitis

1. Introduction

Intra-abdominal infections (IAIs) are the second most common cause of infection-related
mortality in intensive care units [1]. Complicated IAIs extend into the peritoneal space and are
associated with abscess formation or peritonitis. Common IAIs include appendicitis, diverticulitis
and cholecystitis [1,2]. Recommendations for the diagnosis and management of complicated IAIs are
reviewed in the Surgical Infection Society and the Infectious Diseases Society of America (SIS-IDSA)
Guideline in 2010, the World Society of Emergency Surgery (WSES) Expert Panel in 2013 and the
Tokyo Guidelines (TG13) for acute cholangitis and acute cholecystitis in 2013 [2–4]. These guidelines
recommend antimicrobial therapy based on the severity and etiology of infection as well as the presence
of underlying medical conditions. Antimicrobials used for empiric therapy of IAIs should be active
against enteric Gram negative aerobic and facultative anaerobic bacilli and enteric Gram positive
streptococci. Coverage for obligate anaerobic bacilli should be added for infections of the distal small
bowel, appendix or colon; given the complexity of IAIs, anti-anaerobic coverage is routinely utilized.
The treatment of IAIs involves a balance between optimizing antimicrobial therapy and reducing
collateral damage of antimicrobial use, including emerging resistance and Clostridium difficile infections
(CDI) [5,6]. The purpose of this review is to discuss the contemporary management of complicated
IAIs as well as identify areas for antimicrobial stewardship.
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2. Appendicitis

2.1. Epidemiology/Pathogenesis

The appendix is the most common source of infection in community-acquired IAIs [7]. The
incidence of appendicitis increases throughout childhood and peaks at 15–25 years of age; roughly
300,000 appendectomies are performed annually in the United States [8,9]. The primary pathogenic
mechanism of acute appendicitis is obstruction of the appendiceal lumen, which can occur secondary
to mucus plugging, congregated stool or foreign body [8,10,11]. Appendiceal lumen obstruction leads
to increased intraluminal pressure and subsequent compression of lymphatic and vascular drainage
causing ischemic damage of the mucosa. Microbial invasion also occurs during this process. If left
unaddressed, continued inflammation and ischemia may lead to gangrene and perforation [8].

2.2. Microbiology

Appendiceal infections are often polymicrobial; complicated IAIs secondary to appendicitis
commonly involve colonic microflora [8]. The Study for Monitoring Antimicrobial Resistance Trends
(SMART) has monitored antimicrobial susceptibility data for IAIs globally since 2002 [12]. Lob and
colleagues analyzed SMART data from 2008 to 2010 and reviewed the occurrence and susceptibility of
organisms in appendicitis-associated IAIs. Overall, the most common isolates identified in adult
patients were Escherichia coli (E. coli) (68.3%), with Klebsiella pneumoniae (K. pneumoniae) (10.1%)
and Pseudomonas aeruginosa (P. aeruginosa) (6.9%) ranking a distant second or third depending on
geographic location [12]. Additionally, authors found a lower rate of extended-spectrum beta-lactamase
(ESBL) producing E. coli, K. pneumoniae, Klebsiella oxytoca, and Proteus mirabilis among patients
with appendicitis-associated IAIs compared with non-appendicitis-associated IAIs [12]. Authors
commented that this finding may be due to the fact that appendicitis-associated pathogens generally
arise from normal bowel flora and do not reflect the higher ESBL rates found in health care-associated
IAIs [12]. Of importance, routine use of intra-operative culture swabs is not recommended by several
stakeholders, as studies found that changes in antimicrobial regimens based on intra-operative culture
results usually made little difference in clinical outcomes [7,12,13]. Therefore, it is important for
stewardship teams to be familiar with the general epidemiology of appendicitis-related infections, as
well as current regional and local susceptibility patterns to guide empiric antibiotic therapy in patients
with appendicitis.

2.3. Clinical Presentation/Diagnosis

Appendicitis starts as colicky, visceral periumbilical pain that evolves over the next 6–24 h to
localized, somatic right lower quadrant abdominal pain [8]. Pain is often accompanied by mild
fever, nausea, vomiting and anorexia. Imaging studies aid in diagnosing as ultrasonography is
rapid, noninvasive and particularly useful for pregnant women and children. Additionally, computed
tomography (CT), given reported sensitivity and specificity rates of 94% and 95%, respectively, has been
shown to help diagnose other pathologic conditions and prevent unnecessary hospitalizations [14–16].
Despite the fact that ultrasonography and CT have become more readily available, clinical examination
remains the cornerstone of the diagnostic process and should not be neglected [17].

2.4. Treatment

The definitive treatment for appendicitis is surgery which includes preoperative fluid resuscitation
and prophylactic parenteral antibiotics [8]. An appendectomy is a successful treatment procedure
with good results; however, complications, most notably wound infections, intra-abdominal abscess
formation and ileus, are inherent to operative therapies [18,19]. A contemporary strategy in the
management of appendicitis involves treatment with antibiotics and performing an appendectomy
only if the appendicitis does not resolve or reoccurs; this is known as an “antibiotics first” strategy [20].
Several randomized trials comparing an antibiotics first strategy to appendectomy upon presentation
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for uncomplicated appendicitis show varying rates of appendectomies in the antibiotics first
group [21,22].

A literature search was conducted using PubMed and the search terms “appendectomy”,
“antibiotics” and “randomized control trial”. The search was limited to adults and studies
from 2010 to present. Vons and colleagues conducted a multicenter, open-label, non-inferiority,
randomized controlled trial comparing results of treatment with amoxicillin-clavulanic acid with
emergency appendectomy in patient with uncomplicated acute appendicitis [21]. Patients received
amoxicillin-clavulanic acid because of its efficacy in treating uncomplicated sigmoiditis [23]. Antibiotic
therapy was given intravenously to patients with nausea or vomiting, and orally to all others. Upon
discharge, patients continued amoxicillin-clavulanic acid at the same dose for eight days and were
seen on Day 8; if patients had a sustained high white blood cell (WBC) count or elevated C-reactive
protein (CRP), antibiotics were continued for another eight days with surgical intervention on Day 15
if laboratory abnormalities persisted. The primary endpoint was occurrence of peritonitis within
30 days of initial treatment and authors used a non-inferior margin of 10%. Diagnosis of peritonitis
amongst patients randomized to receive antibiotic therapy occurred when a complicated appendicitis
was identified via appendectomy. Patients randomized to antibiotic therapy had significantly higher
rates of 30 day post-intervention peritonitis compared with the appendectomy group (8% vs. 2%,
treatment difference 5.8; 95% CI, 0.3–12.1). Of the 120 patients randomized to antibiotic therapy,
39 underwent appendectomy due to acute appendicitis within one-year follow up; of the 14 procedures
that occurred within 30 days, nine were due to complicated appendicitis. Authors concluded that
antibiotic therapy with amoxicillin-clavulanic acid was not non-inferior to emergency appendectomy
for the treatment of acute uncomplicated appendicitis. Authors cited limitations with the study and
commented that patients with complicated appendicitis may have mistakenly been included and
randomized. Additionally, evidence shows increasing resistance of E. coli to amoxicillin-clavulanic
acid, thus possibly affecting treatment outcomes [21].

Salminen and colleagues conducted a multicenter, open-label, non-inferiority, randomized
controlled trial comparing antibiotic treatment with appendectomy for the treatment of uncomplicated
acute appendicitis [22]. The primary end point for patients in the antibiotic group was resolution
of acute appendicitis, resulting in hospital discharge without surgical intervention and no recurrent
appendicitis during a minimum follow up period of one year. Patients randomized to antibiotic
treatment received intravenous ertapenem 1 g daily for three days followed by seven days of
oral levofloxacin (500 mg once daily) and metronidazole (500 mg three times per day). Of the
1379 patients assessed for eligibility, 273 were randomized to receive an appendectomy and
257 received a nonsurgical approach with antibiotic therapy. One patient in the antibiotic group
was lost to follow up, so of the 256 patients randomized to antibiotic therapy and followed,
70 (27.3%; 95% CI, 22.0%–33.2%) required an appendectomy within one year of initial presentation. The
intent-to-treat analysis generated a difference amongst treatment groups of ´27.0% (95% CI, ´31.6%
to8; p = 0.89). Because of the pre-defined 24% minimal clinically important difference, authors did
not demonstrate non-inferiority of antibiotic therapy for appendicitis compared to appendectomy.
However, patients who were initially treated with antibiotics but underwent appendectomy within
one year due to recurrent appendicitis had an overall lower surgical complication rate than
those patients originally randomized to receive an appendectomy (7.0% vs. 20.5%, respectively).
Additionally, the majority of patients (58 of 70) who initially received antibiotics yet went on to have
an appendectomy had surgical intervention due to uncomplicated appendicitis which challenges
the notion that lack of prompt surgical intervention leads to perforation. Limitations of this trial
include the sample size; appendectomy is considered the treatment of choice for acute appendicitis,
thus researchers had difficulty enrolling patients in the study and therefore had to recalculate the
sample size which affected power. Of note, this study excluded pregnant women and patients with
complicated appendicitis, so the results do not apply to these groups [22]. Several meta-analysis and
systematic reviews have compared antibiotic therapy with appendectomies in the treatment of acute
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appendicitis [24–28]. These reviews demonstrate higher success rates with surgery but also higher
rates of complications. Limitations of these reviews include selection bias, high crossover rates and
inclusion of randomized-controlled trials of poor methodological quality, thus overall conclusions
differed [24–28].

2.5. Conclusion

In the trials discussed above, antibiotic therapy for acute appendicitis did not meet non-inferiority
when compared with appendectomy; however, study limitations affect definitive conclusions. Risks
are inherent to surgical procedures and must be weighed against the risk of recurrent appendicitis
with an antibiotics first strategy.

3. Diverticulitis

3.1. Epidemiology/Pathogenesis

Diverticulosis describes the presence of diverticula, which is an exposure of mucosa through the
colonic wall. Diverticulitis describes the inflammation of these diverticula, causing troublesome
symptoms such as abdominal pain, fever, tenderness, constipation and trace blood from the
rectum [29,30]. Diverticular disease becomes more common with advanced age; it is estimated that
approximately 70% of adults will have some level of diverticular disease by age 80, although only
approximately 10%–25% of these cases become clinically significant [29–31]. The most understood
global risk factor for developing diverticulosis and diverticulitis at any point in life is low intake of
dietary fiber, though the use of systemic corticosteroids, narcotics and non-steroidal anti-inflammatory
drugs (NSAIDs) may also play a role [30].

3.2. Microbiology

Disorders of the gastrointestinal tract, including diverticular disease, are postulated to involve
disturbances of the normal balance of colonic bacteria [32]. Bacterial overgrowth leading to
alterations in intestinal flora can also induce low-grade inflammation of the mucosa. Similar to
other IAIs, diverticulitis is a polymicrobial infection caused by endogenous facultative bacteria and
anaerobes [30,33]. Brook and colleagues analyzed the microbiology of IAIs associated with diverticulitis
and found that the most common organisms isolated from peritoneal fluid and intra-abdominal
abscesses were E. coli (65.5% and 68.2%, respectively), Bacteroides fragilis (40% and 63.6%, respectively),
gamma-hemolytic streptococci (12.7% and 9.1%, respectively) and alpha-hemolytic streptococci
(10.9% and 27.3%, respectively) [32,33].

3.3. Clinical Presentation/Diagnosis

Diagnosis of diverticulitis is made through the combination of a physical examination as well
as lab and imaging results. Though a physical exam may be unremarkable, it most likely will reveal
left-lower quadrant pain, abdominal tenderness and potentially an abdominal mass. Fever and
leukocytosis may also be present, but those findings are non-specific [30]. Uncomplicated diverticulitis
is described as localized inflammation that may or may not have small abscess formation within
the bowel wall only. Diverticulitis can be considered complicated if an abscess is present anywhere
besides the bowel wall with or without the presence of fistula, stricture, peritonitis or sepsis [34]. Tests
done to diagnose diverticulitis include a barium enema, colonoscopy and CT imaging, though the
most common diagnostic imaging utilized is CT, which shows approximately 84% sensitivity and
87% specificity, respectively [29]. The disease can also be given a Modified Hinchey Classification,
which is a system used to categorize progression of disease based on radiographic findings. Originally
developed by Hinchey and colleagues in 1978 and modified by Wasvary and colleagues in 1999,
the ranking system has been widely adopted and utilizes a six point scale classifying complicated
diverticulitis from stage 0 (mild clinical diverticulitis) to stage IV (generalized fecal peritonitis) [35,36].
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3.4. Treatment

Several factors influence antimicrobial treatment of diverticulitis, including the severity of illness
upon presentation as well as the presence of risk factors for poor clinical outcomes [37]. A literature
search was conducted using PubMed and the search terms “diverticulitis treatment”, “diverticular
disease”, “diverticulitis guidelines” and “diverticulitis antibiotics”. The search was limited to adults
and studies from 2010 to present. Several recent publications have questioned the use of antibiotics in
uncomplicated diverticulitis. Shabanzadeh and Wille-Jorgenson performed a review of randomized
controlled trials analyzing the use of antibiotics to treat uncomplicated diverticulitis [38]. Three
randomized controlled trials were analyzed and will be discussed herein. Chabok and colleagues
conducted a multicenter, randomized trial comparing outcomes in patients with CT-verified acute
uncomplicated left-sided diverticulitis randomized to treatment with or without antibiotics [39].
Overall, 623 patients were enrolled in the study; 314 patients received antibiotics while 309 did
not, respectively. The primary endpoint was occurrence of complications, such as the formation of
an abscess, free air or fistula, at 12 month follow up interval. There was no significant difference
between groups regarding occurrence of complications as 3/314 patients who received antibiotics and
6/309 patients who did not receive antibiotics suffered complications, respectively [39]. Ribas
and colleagues conducted a randomized trial to compare outcomes in patients with CT-confirmed
uncomplicated diverticulitis who received oral antibiotics after a short course of intravenous antibiotic
therapy vs. patients who received longer courses of intravenous antibiotics [40]. All patients received
intravenous amoxicillin-clavulanic acid 1 g every 8 h. After 24–48 h and when able to tolerate a
liquid diet, patients randomized to the short course of antibiotic therapy were transitioned to oral
amoxicillin-clavulanic acid at the same dose and continued for 10 additional days. Meanwhile,
patients randomized to a longer course of intravenous antibiotic therapy were transitioned to oral
amoxicillin-clavulanic acid after Day 7 and continued on oral therapy for five additional days.
Treatment failure was defined as the inability to discharge the patient secondary to persistent pain
and vomiting, emergency admission secondary to symptoms of previous diverticulitis, or hospital
readmission within 30 days for the same diagnosis. Authors found no significant difference between
groups when considering treatment failure. Authors concluded that uncomplicated diverticulitis can
be successfully managed with a short course of intravenous followed by oral antibiotic therapy [40].
Lastly, given the publication date and underlying limitations for current use, the third trial reviewed
by Shabanzadeh and Wille-Jorgenson will not be discussed in depth [41]. In summary, Shabanzadeh
and Wille-Jorgenson concluded that no definite evidence exists for the use of antibiotics to treat
CT-confirmed uncomplicated diverticulitis and that further studies on the topic are warranted to
confirm these results [38].

De Korte and colleagues conducted a multi-center, retrospective, case-control study to assess the
effect of antibiotics on failure rates of conservative management for mild colonic diverticulitis [42].
Conservative management was defined as restriction of oral intake, intravenous fluid rehydration
and observation. Patients were assigned to one of two groups: those who received antibiotic therapy
or those who received conservative management and no antibiotic therapy. Treatment failure was
defined as the need for percutaneous drainage of abscess due to clinical deterioration and/or the
need for urgent or emergency surgery. A total of 272 patients were included in the final analysis;
81 received antibiotic therapy and 191 received conservative management. Antibiotic regimens
consisted of either a combination of piperacillin and metronidazole if admitted to a surgical ward or
intravenous amoxicillin-clavulanic acid if admitted to a medical or gastrointestinal ward. Antibiotics
were continued for a period of 7–10 days, depending on patient progression. The mean length of
follow up was 50 months (range 12–100); during that time period, treatment failure rates did not differ
significantly between groups, as 6% of patients randomized to antibiotic therapy and 4% of patients
randomized to conservative management failed treatment. Although not significantly different,
recurrence rates were higher in the antibiotic treatment group (15% vs. 7%; p = 0.055). Authors
concluded that antibiotics may be omitted in select patients with mild colonic diverticulitis but may
be beneficial when there is a marked inflammatory response or elevated temperature. Additionally,
authors urge further trials to evaluate antibiotic therapy for mild diverticulitis while incorporating
clinical and serologic findings [42].
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3.5. Conclusion

A growing body of evidence suggests that antibiotic therapy in cases of CT-confirmed
uncomplicated diverticulitis does not produce better outcomes than conservative medical management
alone. Larger, randomized trials are needed to confirm these initial findings.

4. Cholecystitis

4.1. Epidemiology/Pathogenesis

Acute cholecystitis affects 2%–4% of the population and represents one of the most frequent
hospital gastrointestinal admissions [43]. In 90% of cases, cholecystitis is the result of cystic
duct obstruction by gallstones. Complete and persistent obstruction results in biliary stasis and
inflammation which leads to gallbladder enlargement and wall thickening. Bacteria may infect
the inflamed gallbladder and if left untreated, the gallbladder wall may become necrotic and
gangrenous [44]. Risk factors for the development of acute cholecystitis include increasing age,
female gender, obesity, rapid weight loss, diabetes and pregnancy [45]. Medications known to
increase risk of gallbladder disease include progesterone, estrogens, fibrates, narcotics, anticholinergics,
dapsone, ceftriaxone, erythromycin, and ampicillin [46]. Acalculous cholecystitis, which is an acute
necroinflammatory disease of the gallbladder, occurs in 10% of cases and more commonly effects
elderly males [47]. Risk factors for acalculous disease includes surgery, critical illness, ischemia, total
parenteral therapy, AIDS and motility disorders [48].

4.2. Microbiology

Bile is typically sterile or contains a low inoculum of bacteria [44]. Bacteria can ascend from
the duodenum into the biliary tract or by hematogenous spread from the portal vein. Bacteria is
present in gallbladder bile in 35%–65% of patients with acute cholecystitis [49]. The presence of
bacteria within gallbladder bile may be an indicator for more severe disease and a risk factor for
infectious post-operative complications [50]. The most common bacteria isolated from bile cultures
in community-acquired infections include E. coli, Klebsiella spp., Enterobacter spp., Enterococcus spp.,
and Streptococcus spp. Anaerobes are only isolated in 1% of cultures, however, emphysematous
cholecystitis, identified when there is air in the gallbladder wall, is most commonly caused by
gas-forming anaerobes [4,51]. Similar isolates are recovered from health care-associated infections
with E. coli and Klebsiella spp. being most common. However, these infections tend to have a higher
incidence of Pseudomonas spp. in addition to Enterococcus spp. An international study of 116 medical
centers worldwide reviewed resistance patterns for patients with acute cholecystitis [52]. Of the
population studied, 96.3% had community-acquired infections, with Gram negative organisms isolated
in 70% of cases (E. coli 46.2%, Enterobacter spp. 9.2%, and K. pneumoniae 8.7%) and Gram positive
bacteria in 24.3% (Enterococcus faecalis 34.4%, Enterococcus faecium 17.2%, Streptococcus spp. 15.6%),
respectively. Surprisingly, 17 of the 21 total resistant isolates identified were from community-acquired
infections, as ESBL E. coli or ESBL Klebsiella spp. accounted for 14 of 17 isolates. Multivariate analysis
demonstrated health care-associated infection, inadequacy of empiric antibiotic therapy, and recent
antibiotic use were significant risk factors for resistance. This highlights the importance of monitoring
antimicrobial resistance patterns in both the inpatient and outpatient setting [52].

4.3. Clinical Presentation/Diagnosis

The main symptoms of acute cholecystitis are intermittent pain, tenderness and guarding in the
right upper quadrant associated with possible nausea and vomiting. Murphy sign is present when a
patient stops breathing due to pain while the gallbladder is being palpated during a deep inspiration.
The diagnosis of acute cholecystitis requires local and systemic signs of inflammation and positive
imaging studies. Systemic signs of inflammation include fever, leukocytosis (WBC > 10,000 cells/mm3),
CRP > 3 mg/dL, and/or a mild increase in bilirubin or liver function tests. Right upper quadrant
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ultrasound detects the presence of stones in over 95% of cases. Overall, the combination of both local
and systemic signs of inflammation in combination with positive imaging findings has sensitivity and
specificity of 91.2% and 96.9%, respectively [53]. Classification of disease is based on patients’ signs
and symptoms and risk factors for health care-associated pathogens. According to the TG13, Grade
I (mild disease) is defined as acute cholecystitis in a healthy patient with no organ dysfunction but
with mild inflammation of the gallbladder. Grade II (moderate disease) presents with a leukocytosis
(WBC > 18,000 cells/mm3), palpable tender mass in right upper quadrant, duration of symptoms >72 h,
or marked local inflammation. Grade III (severe disease) includes patients with signs and symptoms
of organ system dysfunction [53]. SIS-IDSA guidelines for the treatment of complicated IAIs
classify community-onset health care-associated disease in patients with one of the following
risk factors: presence of an invasive device at time of admission, history of methicillin-resistant
Staphylococcus aureus (MRSA) colonization or infection, or history of surgery, hospitalization, dialysis,
or residence in a long term care facility in the previous 12 months from the date of the culture. Patients
with hospital onset as defined as an infection that occurs >48 h after hospitalization are also at risk for
more resistant pathogens [2].

TG13 guidelines recommend obtaining bile and blood culture in all cases of acute cholecystitis,
with the exception of Grade I cases; this differs from SIS-IDSA recommendations [2,54]. The rationale
for obtainment of these cultures stems from the fact that positive bile cultures have been correlated with
progression of disease. The obtainment of these cultures may also help streamline therapy when broad
spectrum antibiotics are started empirically. However, blood cultures do not always correlate with bile
cultures. In a study conducted by Bang and colleagues, patients with acute calculous cholecystitis had
positive blood or biliary cultures 50.4% (70/139) and 21.6% (30/139) of the time, respectively. Only
50% of patients had the same organism in both biliary and blood cultures [55].

4.4. Treatment

A literature search was conducted using PubMed and the search terms “acute cholecystitis”,
“cholecystitis” and “acute drug therapy”. The search was limited to adults and studies from 2010 to
present. For the treatment of acute cholecystitis and other IAIs, source control is critical. The initial
assessment includes a decision to perform early surgery in the form of a laparoscopic or an open
procedure. Early laparoscopic cholecystectomy is the preferred treatment in a majority of patients.
Clinical trials have shown a decrease in hospital length of stay and total hospital costs with early
surgery [56,57]. On the contrary, delaying surgery is necessary when there is a higher risk of biliary
tract injury which may occur when surgery is performed on an inflamed gallbladder. In these patients,
antibiotic therapy, intravenous fluids, and pain control is initiated.

With the lack of well-designed randomized trials to guide practice, practitioners look to published
guidelines for direction. The SIS-IDSA, WSES and TG13 guidelines recommend empiric antimicrobial
therapy based on disease severity and location of acquisition (community-acquired vs. health
care-associated) [2–4,51]. Recommendations for the treatment of cholecystitis are listed in Table 1.

SIS-IDSA guidelines recommend anaerobic coverage only in patients with biliary-enteric
anastomosis, such as hepaticojejunostomy or choledochoenterostomies, which are used to bypass the
biliary tract for the management of biliary obstruction or leakage [2]. TG13 antibiotic recommendations
are similar to SIS-IDSA. One modification is the use of ampicillin-sulbactam in combination with
an aminoglycoside for Grade I community-acquired cholecystitis [4,51]. The SIS-IDSA guidelines
removed ampicillin-sulbactam due to increasing resistance identified in E. coli, thus the empiric use of
ampicillin-sulbactam is dependent on individual hospital antibiograms [2]. Both SIS-IDSA and TG13
guidelines recommend that fluoroquinolones should be used only if susceptibility of the cultured
isolate is known or the patient has a severe allergy to beta-lactam antibiotics, as increasing resistance
rates limit their utility [2,4,51].



Antibiotics 2016, 5, 11 8 of 19

Table 1. Antimicrobial treatment recommendations for cholecystitis in adults.

Indication SIS-IDSA [2] WSES [3] TG13 [4]

Community-acquired Acute cholecystitis, mild-to-moderate severity

‚ Cefazolin
‚ Cefuroxime
‚ Ceftriaxone

Biliary IAI, stable, non-critical patients with no risk factors
for ESBL pathogens a

‚ Amoxicillin-clavulanic acid IV
‚ Ciprofloxacin plus metronidazole
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Table 1. Cont.

Indication SIS-IDSA [2] WSES [3] TG13 [4]
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In addition to the aforementioned stratification, WSES recommendations focus on risk factors for
infections with ESBL organisms as there is an increase incidence of these pathogens in IAIs, even in
the community setting [3]. Knowledge of the patients’ antibiotic history prior to admission and the
rate of ESBL organisms in the community will help guide empiric therapy. For community-acquired
infections in stable patients with ESBL risk factors, WSES recommends tigecycline over carbapenems
to help decrease the risk of carbapenemase-producing Enterobacteriaceae [3]. In the United States, the
use of tigecycline as a first line agent is limited due to the FDA black box warning of increased risk of
mortality when tigecycline was used for both approved and unapproved indications [58].

4.5. Conclusion

As with other IAIs, source control is critical for the management of cholecystitis. Given the paucity
of randomized trials to guide therapy, clinicians should utilize guideline focused recommendations
as well as institution-specific antibiograms to develop empiric antibiotic regimens for the treatment
of cholecystitis.

5. Antimicrobial Stewardship Initiatives

Antimicrobial stewardship programs (ASPs) can improve inappropriate antimicrobial use by
ensuring appropriate empiric therapy, deescalating therapy, and decreasing inappropriate extended
durations of therapy [6]. For all IAIs, risk factors for resistant pathogens, including but not limited to,
high APACHE II score, health care-associated infection, prior antibiotic exposure and advanced age
must be reviewed to help guide empiric therapy [59]. International guidelines were reviewed and a
literature search was conducted using PubMed and a combination of the search terms “intra-abdominal
infection”, “antimicrobial stewardship”, “antibiotic therapy” and “duration”. The search was limited to
adults and studies from 2010 to present. Articles cited focused on antimicrobial stewardship initiatives
for the treatment of IAIs. Additional publications were reviewed at the discretion of the authors.

Antimicrobial regimens recommended for appendiceal infections should be active against enteric
Gram negative aerobic and facultative bacilli, Gram positive streptococci and obligate anaerobic
bacilli. Treatment options for IAIs are listed in Table 2 and recommendations regarding the use
of an antibiotics first strategy for the management of appendicitis are listed in Table 3 [2,3,20,60].
Reviewing published literature, SIS-IDSA guidelines recommend ertapenem as a treatment option for
community-acquired mild-moderate IAIs, including perforated or abscessed appendicitis; however
the Expert Panel expresses concern with the broad use of ertapenem, as it may accelerate the
appearance of carbapenem-resistant Enterobacteriaceae, Pseudomonas and Acinetobacter species [2].
Additionally, secondary to a study conducted by Montravers and colleagues analyzing the
microbiological and resistance profiles of IAIs, Leone and colleagues express concern regarding the
overuse of anti-Pseudomonal carbapenems and the development of carbapenem resistance amongst
Enterobacteriaceae [61]. To prevent the overuse of broad spectrum agents, ASPs must work with
their microbiology department and utilize institution-specific antibiograms to develop guidelines for
the empiric treatment of IAIs. Antibiogram focused guidelines will promote use of antimicrobials
most likely to have adequate coverage for intra-abdominal pathogens. Dubrovskaya and colleagues
developed a guideline for the empiric treatment of IAIs due to high rates of Enterobacteriaceae resistant
to ciprofloxacin and ampicillin-sulbactam at their institution. Their primary endpoint was defined
daily doses per 1000 patient days (DDD/1000PD) comparing pre- and post-guideline implementation
periods. Authors found a significant decrease in intravenous ciprofloxacin use by 22.6 DDD/1000PD
(p = 0.003) with no significant changes in ampicillin-sulbactam use (decrease by 11 DDD/1000PD;
p = 0.8) nor piperacillin-tazobactam use (increase by 22 DDD/1000PD; p = 0.41). The hospital-acquired
CDI rate, 30-day readmission rate and mean length of stay did not differ significantly between
groups. Authors concluded that the new guideline showed an improvement in antimicrobial
use with no significant changes in hospital metrics [62]. Meanwhile, Popovski and colleagues
developed a multifaceted stewardship intervention that involved the development of IAI treatment
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guidelines based on local susceptibilities and an educational program that involved posters,
pocket cards, and educational sessions for providers, nurses, and pharmacists [63]. This passive
intervention significantly decreased the days of therapy per 1000 patient days (DOT/1000 PD) for
ciprofloxacin and piperacillin-tazobactam. Comparing DOT/1000PD for pre- and post-intervention
periods, ciprofloxacin use decreased from 221 to 74 (OR 0.3; 95% CI, 0.2–0.3; p < 0.001) and
piperacillin-tazobactam use decreased from 116 to 67 (OR 0.6; 95% CI, 0.5–0.7; p < 0.001). However,
ceftriaxone DOT/1000PD increased from 6 to 92 (OR 17; 95% CI, 10–25; p < 0.001). Although authors
did not find a significant difference in duration of inpatient antimicrobial therapy, this stewardship
initiative resulted in substantial change in prescribing practices that persisted after discontinuation of
the intervention [63].

Acute appendicitis without evidence of perforation, abscess, or local peritonitis requires only
prophylactic administration of antimicrobials for 24 h to prevent surgical site infections secondary
to appendectomies. The 2013 Clinical Practice Guidelines for Antimicrobial Prophylaxis in Surgery
provides guidance for antimicrobial selection and duration for use as prophylaxis before surgery [64].
Bowel flora constitute a major source for these organisms as B. fragilis and E. coli are the most frequent
anaerobe and aerobe cultured, respectively. Recommendations for antimicrobial surgical prophylaxis
secondary to uncomplicated appendicitis include cefoxitin, cefotetan, or cefazolin plus metronidazole.
Routine use of broad spectrum agents like ertapenem, which is only approved by the FDA for
prophylaxis of surgical site infections after elective colorectal procedures, is concerning due to the
theoretical risk of promoting drug resistant organisms [64]. Lee and colleagues recently published
results of a retrospective, case-control study of two surgical units with high rates of hospital-onset CDI.
In this study, a total of 46 patients were diagnosed with CDI during the 15 month study period, and
authors found that ertapenem prophylaxis was associated with a statistically significant increased risk
of CDI [65].

There is an accumulating amount of evidence indicating that cases of community-acquired
diverticulitis of mild-moderate severity can be managed without the use of antimicrobials [42].
Per guidance published by the American Gastroenterological Association Institute, in patients with
CT-documented acute uncomplicated diverticulitis, antimicrobial therapy does not seem to improve
symptoms or decrease the need for surgical intervention [66]. Additionally, antimicrobials may
not decrease the development of complications nor curb recurrence rates [66]. ASPs can educate
providers to consider withholding antimicrobial therapy and providing supportive care with close
monitoring for patients with acute uncomplicated diverticulitis. Clinicians must assess each patient
individually and ASPs should question the use of empiric antimicrobials when appropriate. When
treatment is necessary, empiric antimicrobials should be tailored to disease severity and local
resistance patterns and should include agents that have appropriate activity against E. coli and
B. fragilis. Coverage for MRSA, P. aeruginosa, Candida spp. and resistant Gram negative bacteria
are generally not needed and should be reserved for specific epidemiological patterns and patient risk
factors [67]. The expanded Gram negative spectrum of broader, monotherapy antimicrobial agents,
such as carbapenems and tigecycline, are often excessive in community-acquired diverticulitis of
mild–moderate severity and their use may contribute to the emergence of antimicrobial resistance [2].
Based on local antibiograms, oral options for stable patients include a quinolone (either levofloxacin or
ciprofloxacin) plus metronidazole, amoxicillin-clavulanic acid or trimethoprim-sulfamethoxazole plus
metronidazole [40,41]. Community-acquired diverticulitis of high severity and health care-associated
diverticulitis should be treated aggressively with antimicrobial regimens that have activity against
multi-drug resistant Gram negative aerobic and facultative bacilli. Additional recommendations
regarding antifungal therapy and empiric therapy targeting Enterococcus spp. and MRSA are provided
in Table 2 [2,3].
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Table 2. Antimicrobial treatment recommendations for appendicitis and extra-biliary IAIs in adults.

Guideline Indication Treatment

SIS-IDSA [2]

Community-acquired IAIs of mild-moderate severity including
perforated or abscessed appendicitis

Single agent

‚ Cefoxitin
‚ Ertapenem
‚ Moxifloxacin
‚ Tigecycline
‚ Ticarcillin-clavulanic acid
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Table 2. Cont.

Guideline Indication Treatment

WSES [3]

Community-acquired extra-biliary IAIs

Stable, non-critical patients with no risk factors for ESBL pathogens b

‚ Amoxcillin-clavulanate IV
‚ Ciprofloxacin plus metronidazole

Stable, non-critical patients with risk factors for ESBL pathogens b

‚ Ertapenem
‚ Tigecycline

Critically ill patients with no risk factors for ESBL pathogens b

‚ Piperacillin-tazobactam
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peritoneal involvement or diffuse peritonitis, inability to achieve source control, presence of malignancy. b Risk factors for ESBL pathogens include prior exposure 
to antibiotics (especially third generation cephalosporins), serious comorbid conditions requiring concurrent antibiotic therapy, residence in a long-term care 
facility, recent hospitalization, advanced age >65 years. c Risk factors for MDR pathogens include nosocomial-acquired infections and prior exposure to antibiotics. 

+/− Fluconazole 

Hospital-acquired extra-biliary IAIs

Stable, non-critical patients with risk factors for MDR pathogens c

‚ Piperacillin plus tigecycline plus fluconazole

Critically ill patients with risk factors for MDR pathogens c

‚ Piperacillin plus tigecycline plus echinocandin
‚ [Imipenem-cilastatin, meropenem or doripenem] plus teicoplanin plus echinocandin

SIS-IDSA: Surgical Infection Society and the Infectious Diseases Society of America; WSES: World Society of Emergency Surgery; Echinocandins: anidulafungin, caspofungin or
micafungin; VRE: vancomycin-resistant enterococci; MRSA: methicillin-resistant Staphylococcus aureus. a High risk or severity includes delay in initial intervention for >24 h, APACHE
II score ě15, advanced age, comorbidity and organ dysfunction, low albumin level, poor nutritional status, degree of peritoneal involvement or diffuse peritonitis, inability to
achieve source control, presence of malignancy. b Risk factors for ESBL pathogens include prior exposure to antibiotics (especially third generation cephalosporins), serious comorbid
conditions requiring concurrent antibiotic therapy, residence in a long-term care facility, recent hospitalization, advanced age >65 years. c Risk factors for MDR pathogens include
nosocomial-acquired infections and prior exposure to antibiotics.
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Table 3. Recommendations regarding the use of a nonoperative strategy in the management of
appendicitis [20].

Guideline Recommendation Strength of Recommendation a

SIS-IDSA [2]

‚ Nonoperative management may be considered for
male patients, provided that the patient is admitted
to the hospital for 48 h and shows persistent
improvement in clinical symptoms and signs
within 24 h while receiving antimicrobial therapy

A-II b

‚ Consider nonoperative management of patients
with acute, nonperforated appendicitis if there is a
marked improvement in the patient’s condition
prior to operation

B-II c

WSES [3]

‚ Appendectomies remain the treatment of choice for
acute appendicitis

‚ For patients with uncomplicated acute appendicitis,
antibiotic therapy is safe but less effective due to
significant recurrence rates

1A d

‚ Evidence reveals that an interval appendectomy is
not routinely necessary following initial
nonoperative treatment of complicated appendicitis

‚ Interval appendectomies should be performed for
patients with recurrent symptoms

2B e

ACS [60]
‚ Surgery is the standard treatment for

acute appendicitis
‚ Antibiotic treatment may be substituted for

specific patients

-

SIS-IDSA: Surgical Infection Society and the Infectious Diseases Society of America; WSES: World Society of
Emergency Surgery; ACS: American College of Surgeons. a Strength of recommendation differed between
guidelines. b A-II: Good evidence to support a recommendation for use. c B-II: Moderate evidence to support a
recommendation for use. d 1A: Strong recommendation, high-quality evidence. e 2B: Weak recommendation,
moderate-quality evidence.

ASPs play an active role in de-escalating broad spectrum empiric antimicrobial therapy based
on the results of intraoperative cultures. Consequently, narrowing antimicrobial therapy is often
challenging without evidence of culture and susceptibility data, thus recommending empiric
antimicrobial therapy based on location of acquisition and risk factors for resistant organisms are
vital for ASPs. In hospital-acquired and health care-associated cases when anti-Pseudomonal and
antifungal therapy is empirically initiated, de-escalation can occur when appropriately obtained
cultures do not yield these pathogens. Although the obtainment of cultures for all appendectomy
or cholecystectomy procedures is not recommended, cultures can be used to deescalate therapy as
appropriate. In patients with cholecystostomy tubes, cultures should be obtained when inserted to
help guide therapy and identify any new epidemiologic trends in pathogenic bacteria. Of importance,
the SIS-IDSA guidelines do not recommend the addition of antimicrobials to cover culture results in
patients with community-acquired IAIs who are responding to initial therapy [2]. ASPs can utilize
this recommendation and educate health care providers to reconsider adding additional antimicrobial
coverage in patients with improving hemodynamics.

Recommendations regarding duration of antimicrobial therapy for IAIs vary [2–4,51]. SIS-IDSA
guidelines recommend 4–7 days of antimicrobial therapy for established IAIs, pending adequate source
control [2]. For the treatment of diverticulitis, duration is dependent on the resolution of symptoms;
guidelines suggest 7–10 days [40,41]. WSES guidelines reference that shorter antimicrobial durations
have demonstrated similar cure and eradication rates when compared to longer regimens, as studies
have shown a low likelihood of recurrence or failure when antimicrobials are withdrawn in patients
who no longer show signs of infection [3]. TG13 guidelines suggest continuing antimicrobials for 24 h
post-cholecystectomy in patients with Grade I infection and for 4–7 days for patients with Grade II or
III infection, respectively. In patients with concomitant Gram positive bacteremia, TG13 recommends
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a minimum of 14 days of antimicrobial therapy [4,51]. For patients undergoing surgical procedures,
intraoperative documentation and cultures of necrotic or inflamed tissue can help guide definitive
antimicrobial selection and duration. ASPs should consult operative notes to help determine duration
of therapy given achievement of source control and extent of the underlying infection. Duration of
therapy for IAIs should be reviewed daily in conjunction with patient hemodynamics and laboratory
and imaging findings to identify populations that may benefit from short courses of postoperative
antimicrobial therapy [53].

Nonetheless, discontinuing antimicrobial therapy based on clinical parameters is not always
performed, as it is common for practitioners to use a predefined length of therapy. An observational
study conducted by Rodríguez-Sanjuán and colleagues analyzed the frequency of surgical site
infections in Grade II patients post-cholecystectomy receiving guideline recommended antimicrobials
for various durations. Group 1 (n = 45) received 0–4 days of treatment, group 2 (n = 76) received
5–7 days, and group 3 (n = 167) received >7 days. There was no significant difference in the incidence
of surgical site infections amongst groups through 30 days post-surgery follow up [68]. Sawyer and
colleagues randomized patients with IAIs and adequate source control to receive antimicrobials for two
days after resolution of fever, leukocytosis and ileus (control) vs. a fixed duration of 4 ˘ 1 calendar day
(experimental). The primary outcome was a composite of surgical site infection, recurrent IAI or death
within 30 days after source control procedure. The primary endpoint occurred in 21.8% of patients
in the experimental group vs. 22.3% of patients in the control group although the median duration
of antimicrobial therapy was significantly shorter in the experimental group (4.0 days vs. 8.0 days;
p < 0.001). While authors did not stratify outcomes based on origin of IAI, the appendix was responsible
for 13.1% and 15.1% of infections in the control group and experimental group, respectively. Of note,
target enrollment was not reached as an interim analysis showed nearly identical outcomes and
continued funding was considered futile. Thus, although the trial did not meet power and proof of
equivalence cannot be certain, the study provides promising evidence that a shorter, fixed course
of antimicrobial therapy is similar to longer durations after resolution of signs and symptoms [69].
Catena and colleagues conducted a randomized controlled trial comparing three days of ertapenem vs.
ampicillin-sulbactam in patients with community-acquired IAIs who received surgical intervention
within 24 h of diagnosis [70]. Patients received one dose preoperatively and therapy continued
postoperatively but was stopped on day three if the patient was afebrile, WBC normalized, and bowel
sounds were present. Of the 142 patients enrolled, 54 patients presented with acute cholecystitis with
phlegmonous, gangrenous, or perforation with a localized fluid collection. Treatment success was not
stratified based on presenting diagnosis, but overall success occurred in 97% (69/71) of patients treated
with ertapenem vs. 86% (61/71) of patients treated with ampicillin-sulbactam (p = 0.03). Additionally,
more patients in the ampicillin-sulbactam group experienced superficial or deep postoperative surgical
site infections (p = 0.03) [70].

6. Conclusions

Appendicitis, diverticulitis and cholecystitis are three types of IAIs that are commonly treated
with antimicrobial agents. Broad spectrum empiric therapy and extended treatment courses can
contribute to bacterial resistance and CDI. Patients suffering from IAIs should be managed in a manner
respective of international guidelines [2–4,51]. Clinicians and health care providers should be aware
of the treatment recommendations discussed by policy leaders to ensure positive patient outcomes.
ASPs should utilize local antibiograms and epidemiology data to ensure proper empiric antimicrobial
therapy for patients suffering from IAIs.

Author Contributions: C.H., M.Z., L.A., and J.B. conceived and participated in design and development. C.H.,
M.Z., L.A., and J.B. contributed to the manuscript, provided necessary revisions and approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



Antibiotics 2016, 5, 11 16 of 19

References

1. Armstrong, C. Updated guideline on diagnosis and treatment of intra-abdominal infections. Am. Fam. Phys.
2010, 82, 694–709.

2. Solomkin, J.S.; Mazuski, J.E.; Bradley, J.S.; Rodvold, K.A.; Goldstein, E.J.C.; Baron, E.J.; O’Neill, P.J.;
Chow, A.W.; Dellinger, E.P.; Eachempati, S.R.; et al. Diagnosis and management of complicated
intra-abdominal infections in adults and children: Guidelines by the Surgical Infection Society and the
Infectious Diseases Society of America. Clin. Infect. Dis. 2010, 50, 133–164. [CrossRef] [PubMed]

3. Sartelli, M.; Viale, P.; Catena, F.; Ansaloni, L.; Moore, E.; Malangoni, M.; Moore, F.A.; Velmahos, G.;
Coimbra, R.; Ivatury, R.; et al. 2013 WSES guidelines for management of intra-abdominal infections. World J.
Emerg. Surg. 2013, 8, 3. [CrossRef] [PubMed]

4. Gomi, H.; Solomkin, J.S.; Takada, T.; Strasberg, S.M.; Pitt, H.A.; Yoshida, M.; Kusachi, S.; Mayumi, T.; Miura, F.;
Kiriyama, S.; et al. TG13 antimicrobial therapy for acute cholangitis and cholecystitis. J. Hepatobiliary Pancreat.
Sci. 2013, 20, 60–70. [CrossRef] [PubMed]

5. Sartelli, M.; Catena, F.; Coccolini, F.; Pinna, A.D. Antimicrobial management of intra-abdominal infections:
Literature’s guidelines. World J. Gastroenterol. 2012, 18, 865–871. [CrossRef] [PubMed]

6. Dellit, T.H.; Owens, R.C.; McGowan, J.E., Jr.; Gerding, D.N.; Weinstein, R.A.; Burke, J.P.; Huskins, W.C.;
Paterson, D.L.; Fishman, N.O.; Carpenter, C.F.; et al. Infectious Diseases Society of America and the Society
for Healthcare Epidemiology of America guidelines for developing an institutional program to enhance
antimicrobial stewardship. Clin. Infect. Dis. 2007, 44, 159–177. [CrossRef] [PubMed]

7. Sartelli, M. A focus on intra-abdominal infections. World J. Emerg. Surg. 2010, 5, 9. [CrossRef] [PubMed]
8. Sifri, C.D.; Madoff, L.C. Mandell, Douglas, and Bennett’s Principles and Practice of Infectious Diseases, 7th ed.;

Churchill Livingstone Elsevier: Philadelphia, PA, USA, 2009; Volume 75, pp. 1059–1062.
9. Livingston, E.H.; Fomby, T.B.; Woodward, W.A.; Haley, R.W. Epidemiological similarities between

appendicitis and diverticulitis suggesting a common underlying pathogenesis. Arch. Surg. 2011, 146,
308–314. [CrossRef] [PubMed]

10. Ramdass, M.J.; Young Sing, Q.; Milne, D.; Mooteeram, J.; Barrow, S. Association between the appendix and
fecalith in adults. Can. J. Surg. 2015, 58, 10–14. [CrossRef] [PubMed]

11. Bouassria, A.; Ibn Majdoub, K.; Yazough, I.; Ousadden, A.; Mazaz, K.; Taleb, K.A. Traumatic appendicitis: A
case report and literature review. Would J. Emerg. Surg. 2013, 8, 31. [CrossRef] [PubMed]

12. Lob, S.H.; Badal, R.E.; Bouchillon, S.K.; Hawser, S.P.; Hackel, M.A.; Hoban, D.J. Epidemiology and
susceptibility of Gram-negative appendicitis pathogens: SMART 2008–2010. Surg. Infect. 2013, 14, 203–208.
[CrossRef] [PubMed]

13. Foo, F.J.; Beckingham, I.J.; Ahmed, I. Intra-operative culture swabs in acute appendicitis: A waste of resources.
Surgeon 2008, 6, 278–281. [CrossRef]

14. Krajewski, S.; Brown, J.; Phang, P.T.; Raval, M.; Brown, C.J. Impact of computed tomography of the abdomen
on clinical outcomes in patients with acute right lower quadrant pain: A meta-analysis. Can. J. Surg. 2011,
54, 43–53. [CrossRef] [PubMed]

15. Pinto Leite, N.; Pereira, J.M.; Cunha, R.; Pinto, P.; Sirlin, C. CT evaluation of appendicitis and its complications:
Imaging techniques and key diagnostic findings. AJR Am. J. Roentgenol. 2005, 185, 406–417. [CrossRef]
[PubMed]

16. Terasawa, T.; Blackmore, C.C.; Bent, S.; Kohlwes, R.J. Systematic review: Computed tomography and
ultrasonography to detect acute appendicitis in adults and adolescents. Ann. Intern. Med. 2004, 141, 537–546.
[CrossRef] [PubMed]

17. Prosenz, J.; Hirtler, L. Rovsing sign revisited-effects of an erroneous translation on medical teaching and
research. J. Surg. Educ. 2014, 71, 738–742. [CrossRef] [PubMed]

18. Jaschinski, T.; Mosch, C.; Eikermann, M.; Neugebauer, E.A. Laparoscopic versus open appendectomy in
patients with suspected appendicitis: A systematic review of meta-analyses of randomised controlled trials.
BMC Gastroenterol. 2015, 15, 48. [CrossRef] [PubMed]

19. Lim, S.G.; Ahn, E.J.; Kim, S.Y.; Chung, I.Y.; Park, J.M.; Park, S.H.; Choi, K.W. A clinical comparison of
laparoscopic versus open appendectomy for complicated appendicitis. J. Korean Soc. Coloproctol. 2011, 27,
293–297. [CrossRef] [PubMed]

http://dx.doi.org/10.1086/649554
http://www.ncbi.nlm.nih.gov/pubmed/20034345
http://dx.doi.org/10.1186/1749-7922-8-3
http://www.ncbi.nlm.nih.gov/pubmed/23294512
http://dx.doi.org/10.1007/s00534-012-0572-0
http://www.ncbi.nlm.nih.gov/pubmed/23340954
http://dx.doi.org/10.3748/wjg.v18.i9.865
http://www.ncbi.nlm.nih.gov/pubmed/22408344
http://dx.doi.org/10.1086/510393
http://www.ncbi.nlm.nih.gov/pubmed/17173212
http://dx.doi.org/10.1186/1749-7922-5-9
http://www.ncbi.nlm.nih.gov/pubmed/20302628
http://dx.doi.org/10.1001/archsurg.2011.2
http://www.ncbi.nlm.nih.gov/pubmed/21422362
http://dx.doi.org/10.1503/cjs.002014
http://www.ncbi.nlm.nih.gov/pubmed/25427333
http://dx.doi.org/10.1186/1749-7922-8-31
http://www.ncbi.nlm.nih.gov/pubmed/23937952
http://dx.doi.org/10.1089/sur.2012.034
http://www.ncbi.nlm.nih.gov/pubmed/23540793
http://dx.doi.org/10.1016/S1479-666X(08)80051-0
http://dx.doi.org/10.1503/cjs.023509
http://www.ncbi.nlm.nih.gov/pubmed/21251432
http://dx.doi.org/10.2214/ajr.185.2.01850406
http://www.ncbi.nlm.nih.gov/pubmed/16037513
http://dx.doi.org/10.7326/0003-4819-141-7-200410050-00011
http://www.ncbi.nlm.nih.gov/pubmed/15466771
http://dx.doi.org/10.1016/j.jsurg.2014.03.002
http://www.ncbi.nlm.nih.gov/pubmed/24776856
http://dx.doi.org/10.1186/s12876-015-0277-3
http://www.ncbi.nlm.nih.gov/pubmed/25884671
http://dx.doi.org/10.3393/jksc.2011.27.6.293
http://www.ncbi.nlm.nih.gov/pubmed/22259744


Antibiotics 2016, 5, 11 17 of 19

20. Flum, D.R. Clinical practice. Acute appendicitis—Appendectomy or the “antibiotics first” strategy. N. Engl.
J. Med. 2015, 372, 1937–1943. [PubMed]

21. Vons, C.; Barry, C.; Maitre, S.; Pautrat, K.; Leconte, M.; Costaglioli, B.; Karoui, M.; Alves, A.; Dousset, B.;
Valleur, P.; et al. Amoxicillin plus clavulanic acid versus appendicectomy for treatment of acute uncomplicated
appendicitis: An open-label, non-inferiority, randomised controlled trial. Lancet 2011, 377, 1573–1579.
[CrossRef]

22. Salminen, P.; Paajanen, H.; Rautio, T.; Nordström, P.; Aarnio, M.; Rantanen, T.; Tuominen, R.; Hurme, S.;
Virtanen, J.; Mecklin, J.P.; et al. Antibiotic therapy vs. appendectomy for treatment of uncomplicated acute
appendicitis: The APPAC randomized clinical trial. JAMA 2015, 313, 2340–2348. [CrossRef] [PubMed]

23. Schug-Pass, C.; Geers, P.; Hugel, O.; Lippert, H.; Köckerling, F. Prospective randomized trial comparing
short-term antibiotic therapy versus standard therapy for acute uncomplicated sigmoid diverticulitis. Int. J.
Colorectal Dis. 2010, 25, 751–759. [CrossRef] [PubMed]

24. Varadhan, K.K.; Humes, D.J.; Neal, K.R.; Lobo, D.N. Antibiotic therapy versus appendectomy for acute
appendicitis: A meta-analysis. World J. Surgery 2010, 34, 199–209. [CrossRef] [PubMed]

25. Ansaloni, L.; Catena, F.; Coccolini, F.; Ercolani, G.; Gazzotti, F.; Pasqualini, E.; Pinna, A.D. Surgery versus
conservative antibiotic treatment in acute appendicitis: A systematic review and meta-analysis of randomized
controlled trials. Dig. Surg. 2011, 28, 210–221. [CrossRef] [PubMed]

26. Liu, K.; Fogg, L. Use of antibiotics alone for treatment of uncomplicated acute appendicitis: A systematic
review and meta-analysis. Surgery 2011, 150, 673–683. [CrossRef] [PubMed]

27. Wilms, I.M.; de Hoog, D.E.; de Visser, D.C.; Janzing, H.M. Appendectomy versus antibiotic treatment for
acute appendicitis. Cochrane Database Syst. Rev. 2011, CD008359. [CrossRef]

28. Varadhan, K.K.; Neal, K.R.; Lobo, D.N. Safety and efficacy of antibiotics compared with appendicectomy for
treatment of uncomplicated acute appendicitis: Meta-analysis of randomised controlled trials. BMJ 2012,
344, e2156. [CrossRef] [PubMed]

29. Murphy, T.; Hunt, R.H.; Fried, M.; Krabshuis, J.H. World Gastroenterology Organization Practice Guidelines:
Diverticular Disease; World Gastroenterology Organisation: Milwaukee, WI, USA, 2007.

30. Sifri, C.D.; Madoff, L.C. Diverticulitis and Typhlitis. In Mandell, Douglas, and Bennett’s Principles and Practice
of Infectious Diseases, 7th ed.; Churchill Livingstone Elsevier: Philadelphia, PA, USA, 2009; Volume 76,
pp. 1063–1065.

31. Wieghard, N.; Geltzeiler, C.B.; Tsikitis, V.L. Trends in surgical management of diverticulitis. Ann. Gastroenterol.
2015, 28, 25–30. [PubMed]

32. Tursi, A.; Papagrigoriadis, S. Review article: The current and evolving treatment of colonic diverticular
disease. Ailment Pharmcol. Ther. 2009, 30, 532–546. [CrossRef] [PubMed]

33. Brook, I.; Frazier, E.H. Aerobic and anaerobic microbiology in intra-abdominal infections associated with
diverticular disease. J. Med. Microbiol. 2000, 49, 827–830. [CrossRef] [PubMed]

34. Bauer, V.P. Emergency management of diverticulitis. Clin. Colon Rectal Surg. 2009, 22, 161–168. [CrossRef]
[PubMed]

35. Klarenbeek, B.R.; de Korte, N.; van der Peet, D.L.; Cuesta, M.A. Review of current classifications for
diverticular disease and a translation into clinical practice. Int. J. Colorectal Dis. 2012, 27, 207–214. [CrossRef]
[PubMed]

36. Wasvary, H.; Turfah, F.; Kadro, O.; Beauregard, W. Same hospitalization resection for acute diverticulitis.
Am. Surg. 1999, 65, 632–635. [PubMed]

37. Bontemps, E.; Pardoll, P.M. Diverticulosis and Diverticulitis; Center for Digestive Diseases: South
Pasadena, FL, USA, 2004; Updated September 2008; Available online: http://patients.gi.org/topics/
diverticulosis-and-diverticulitis/ (accessed on 11 September 2015).

38. Shabanzadeh, D.M.; Wille-Jorgenson, P. Antibiotics for uncomplicated diverticulitis. Cochrane Database Syst.
Rev. 2012, 11. [CrossRef]

39. Chabok, A.; Pahlman, L.; Hjern, F.; Haapaniemi, S.; Smedh, K.; AVOD Study Group. Randomized clinical
trial of antibiotics in acute uncomplicated diverticulitis. Br. J. Surg. 2012, 99, 532–539. [CrossRef] [PubMed]

40. Ribas, Y.; Bombardo, J.; Aguilar, F.; Jovell, E.; Alcantara-Moral, M.; Campillo, F.; Lleonart, X.; Serra-Aracil, X.
Prospective randomized clinical trial assessing the efficacy of a short course of intravenously administered
amoxicillin plus clavulanic acid followed by oral antibiotic in patients with uncomplicated acute diverticulitis.
Int. J. Colorectal Dis. 2010, 25, 1363–1370. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/25970051
http://dx.doi.org/10.1016/S0140-6736(11)60410-8
http://dx.doi.org/10.1001/jama.2015.6154
http://www.ncbi.nlm.nih.gov/pubmed/26080338
http://dx.doi.org/10.1007/s00384-010-0899-4
http://www.ncbi.nlm.nih.gov/pubmed/20140619
http://dx.doi.org/10.1007/s00268-009-0343-5
http://www.ncbi.nlm.nih.gov/pubmed/20041249
http://dx.doi.org/10.1159/000324595
http://www.ncbi.nlm.nih.gov/pubmed/21540609
http://dx.doi.org/10.1016/j.surg.2011.08.018
http://www.ncbi.nlm.nih.gov/pubmed/22000179
http://dx.doi.org/10.1002/14651858.CD008359.pub2
http://dx.doi.org/10.1136/bmj.e2156
http://www.ncbi.nlm.nih.gov/pubmed/22491789
http://www.ncbi.nlm.nih.gov/pubmed/25608492
http://dx.doi.org/10.1111/j.1365-2036.2009.04072.x
http://www.ncbi.nlm.nih.gov/pubmed/19549266
http://dx.doi.org/10.1099/0022-1317-49-9-827
http://www.ncbi.nlm.nih.gov/pubmed/10966232
http://dx.doi.org/10.1055/s-0029-1236160
http://www.ncbi.nlm.nih.gov/pubmed/20676259
http://dx.doi.org/10.1007/s00384-011-1314-5
http://www.ncbi.nlm.nih.gov/pubmed/21928041
http://www.ncbi.nlm.nih.gov/pubmed/10399971
http://dx.doi.org/10.1002/14651858.CD009092.pub2
http://dx.doi.org/10.1002/bjs.8688
http://www.ncbi.nlm.nih.gov/pubmed/22290281
http://dx.doi.org/10.1007/s00384-010-0967-9
http://www.ncbi.nlm.nih.gov/pubmed/20526718


Antibiotics 2016, 5, 11 18 of 19

41. Kellum, J.M.; Sugerman, H.J.; Coppa, G.F.; Way, L.R.; Fine, R.; Herz, B.; Speck, E.L.; Jackson, D.; Duma, R.J.
Randomized, prospective comparison of cefoxitin and gentamicin-clindamycin in the treatment of acute
colonic diverticulitis. Clin. Ther. 1992, 14, 376–384. [PubMed]

42. de Korte, N.; Kuyvenhoven, J.P.; van der Peet, D.L.; Felt-Bersma, R.J.; Cuesta, M.A.; Stockmann, H.B. Mild
colonic diverticulitis can be treated without antibiotics. A case control study. Colorectal Dis. 2012, 14, 325–330.
[CrossRef] [PubMed]

43. Tazuma, S. Gallstone disease: Epidemiology, pathogenesis, and classification of biliary stones (common bile
duct and intrahepatic). Best Pract. Res. Clin. Gastroenterol. 2006, 20, 1075–1083. [CrossRef] [PubMed]

44. Sifri, C.D.; Madoff, L.C. Infections of the liver and biliary system. In Mandell, Douglas, and Bennett's Principles
and Practice of Infectious Diseases, 7th ed.; Churchill Livingstone Elsevier: Philadelphia, PA, USA, 2009; Volume
72, pp. 1035–1044.

45. Kimura, Y.; Takada, T.; Strasberg, S.M.; Pitt, H.A.; Gouma, D.J.; Garden, O.J.; Büchler, M.W.; Windsor, J.A.;
Mayumi, T.; Yoshida, M.; et al. TG13 current terminology, etiology, and epidemiology of acute cholangitis
and cholecystitis. J. Hepatobiliary Pancreat. Sci. 2013, 20, 8–23. [CrossRef] [PubMed]

46. Trendle, M.C.; Moertel, C.G.; Kvols, L.K. Incidence and morbidity of cholelithiasis in patients receiving
chronic octreotide for metastatic carcinoid and malignant islet cell tumors. Cancer 1997, 79, 830–834.
[CrossRef]

47. Huffman, J.L.; Schenker, S. Acute acalculous cholecystitis: A review. Clin. Gastroenterol. Hepatol. 2010, 8,
15–22. [CrossRef] [PubMed]

48. Bagley, S.J.; Sehgal, A.R.; Gill, S.; Frey, N.V.; Hexner, E.O.; Loren, A.W.; Mangan, J.K.; Porter, D.L.;
Stadtmauer, E.A.; Reshef, R.; et al. Acute cholecystitis is a common complication after allogeneic stem
cell transplantation and is associated with the use of total parenteral nutrition. Biol. Blood Marrow Transplant.
2015, 21, 768–771. [CrossRef] [PubMed]

49. Darkahi, B.; Sandblom, G.; Liljeholm, H.; Videhult, P.; Melhus, Å.; Rasmussen, I.C. Biliary microflora in
patients undergoing cholecystectomy. Surg. Infect. 2014, 15, 262–265. [CrossRef] [PubMed]

50. Galili, O.; Eldar, S., Jr.; Matter, I.; Madi, H.; Brodsky, A.; Galis, I.; Eldar, S., Sr. The effect of bactibilia on the
course and outcome of laparoscopic cholecystectomy. Eur. J. Clin. Microbiol. Infect. Dis. 2008, 27, 797–803.
[CrossRef] [PubMed]

51. Carrascosa, M.F.; Salcines-Caviedes, J.R. Emphysematous cholecystitis. CMAJ 2012, 184, E81. [CrossRef]
[PubMed]

52. Coccolini, F.; Sartelli, M.; Catena, F.; Montori, G.; Di Saverio, S.; Sugrue, M.; Ceresoli, M.; Manfredi, R.;
Ansaloni, L.; CIAO and CIAOW Study Groups. Antibiotic resistance pattern and clinical outcomes in acute
cholecystitis: 567 consecutive worldwide patients in a prospective cohort study. Int. J. Surg. 2015, 21, 32–37.
[CrossRef] [PubMed]

53. Yokoe, M.; Takada, T.; Strasberg, S.M.; Solomkin, J.S.; Mayumi, T.; Gomi, H.; Pitt, H.A.; Garden, O.J.;
Kiriyama, S.; Hata, J.; et al. TG13 diagnostic criteria and severity grading of acute cholecystitis (with videos).
J. Hepatobiliary Pancreat. Sci. 2013, 20, 35–46. [CrossRef] [PubMed]

54. Miura, F.; Takada, T.; Strasberg, S.M.; Solomkin, J.S.; Pitt, H.A.; Gouma, D.J.; Garden, O.J.; Büchler, M.W.;
Yoshida, M.; Mayumi, T.; et al. TG13 flowchart for the management of acute cholangitis and cholecystitis.
J. Hepatobiliary Pancreat. Sci. 2013, 20, 47–54. [CrossRef] [PubMed]

55. Bang, C.S.; Yoon, J.H.; Kim, Y.J.; Kim, J.B.; Baik, G.H.; Suk, K.T.; Kim, Y.S.; Kim, D.J. Clinical impact of body
mass index on bactibilia and bacteremia. BMC Gastroenterol. 2014, 14, 104. [CrossRef] [PubMed]

56. Gutt, C.N.; Encke, J.; Koninger, J.; Harnoss, J.C.; Weigand, K.; Kipfmüller, K.; Schunter, O.; Götze, T.;
Golling, M.T.; Menges, M.; et al. Acute cholecystitis: Early versus delayed cholecystectomy, a multicenter
randomized trial (ACDC study, NCT00447304). Ann. Surg. 2013, 258, 385–393. [CrossRef] [PubMed]

57. Minutolo, V.; Licciardello, A.; Arena, M.; Nicosia, A.; Di Stefano, B.; Calì, G.; Arena, G. Laparoscopic
cholecystectomy in the treatment of acute cholecystitis: Comparison of outcomes and costs between early
and delayed cholecystectomy. Eur. Rev. Med. Pharmacol. Sci. 2014, 18 (2 Suppl.), 40–46. [PubMed]

58. FDA Drug Safety Communication. FDA Warns of Increased Risk of Death with IV Antibacterial Tygacil
(Tigecycline) and Approves New Boxed Warning. Published 27 September 2013. Available online:
http://www.fda.gov/Drugs/DrugSafety/ucm369580.htm (accessed on 25 September 2015).

59. Herzog, T.; Chromik, A.M.; Uhl, W. Treatment of complicated intra-abdominal infections in the era of
multi-drug resistant bacteria. Eur. J. Med. Res. 2010, 15, 525–532. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/1638578
http://dx.doi.org/10.1111/j.1463-1318.2011.02609.x
http://www.ncbi.nlm.nih.gov/pubmed/21689302
http://dx.doi.org/10.1016/j.bpg.2006.05.009
http://www.ncbi.nlm.nih.gov/pubmed/17127189
http://dx.doi.org/10.1007/s00534-012-0564-0
http://www.ncbi.nlm.nih.gov/pubmed/23307004
http://dx.doi.org/10.1002/(SICI)1097-0142(19970215)79:4&lt;830::AID-CNCR20&gt;3.0.CO;2-
http://dx.doi.org/10.1016/j.cgh.2009.08.034
http://www.ncbi.nlm.nih.gov/pubmed/19747982
http://dx.doi.org/10.1016/j.bbmt.2014.12.005
http://www.ncbi.nlm.nih.gov/pubmed/25543093
http://dx.doi.org/10.1089/sur.2012.125
http://www.ncbi.nlm.nih.gov/pubmed/24801654
http://dx.doi.org/10.1007/s10096-008-0504-8
http://www.ncbi.nlm.nih.gov/pubmed/18369670
http://dx.doi.org/10.1503/cmaj.110601
http://www.ncbi.nlm.nih.gov/pubmed/22007119
http://dx.doi.org/10.1016/j.ijsu.2015.07.013
http://www.ncbi.nlm.nih.gov/pubmed/26192973
http://dx.doi.org/10.1007/s00534-012-0568-9
http://www.ncbi.nlm.nih.gov/pubmed/23340953
http://dx.doi.org/10.1007/s00534-012-0563-1
http://www.ncbi.nlm.nih.gov/pubmed/23307003
http://dx.doi.org/10.1186/1471-230X-14-104
http://www.ncbi.nlm.nih.gov/pubmed/24902609
http://dx.doi.org/10.1097/SLA.0b013e3182a1599b
http://www.ncbi.nlm.nih.gov/pubmed/24022431
http://www.ncbi.nlm.nih.gov/pubmed/25535191
http://dx.doi.org/10.1186/2047-783X-15-12-525
http://www.ncbi.nlm.nih.gov/pubmed/21163727


Antibiotics 2016, 5, 11 19 of 19

60. American College of Surgeons. Appendectomy, Surgical Removal of the Appendix Brochure. Reviewed
2014. Available online: https://www.facs.org/~/media/files/education/patient%20ed/app.ashx (accessed
on 25 September 2015).

61. Leone, S.; Stefani, S.; Venditti, M.; Grossi, P.; Colizza, S.; De Gasperi, A.; Scaglione, F.; Sganga, G.;
Esposito, S.; Italian Intra-abdominal Infections Working Group. Intra-abdominal infections: Model of
antibiotic stewardship in an era with limited antimicrobial options. Int. J. Antimicrob. Agents 2011, 38,
271–272. [CrossRef] [PubMed]

62. Dubrovskaya, Y.; Papadopoulos, J.; Scipione, M.R.; Altshuler, J.; Phillips, M.; Mehta, S.A. Antibiotic
stewardship for intra-abdominal infections: Early impact on antimicrobial use and patient outcome.
Infect. Control. Hosp. Epidemiol. 2012, 33, 427–428. [CrossRef] [PubMed]

63. Popovski, Z.; Mercuri, M.; Main, C.; Sne, N.; Walsh, K.; Sung, M.; Rice, T.; Mertz, D. Multifaceted intervention
to optimize antibiotic use for intra-abdominal infections. J. Antimicrob. Chemother. 2015, 70, 1226–1229.
[CrossRef] [PubMed]

64. Bratzler, D.W.; Dellinger, E.P.; Olsen, K.M.; Perl, T.M.; Auwaerter, P.G.; Bolon, M.K.; Fish, D.N.;
Napolitano, L.M.; Sawyer, R.G.; Slain, D.; et al. Clinical practice guidelines for antimicrobial prophylaxis in
surgery. Am. J. Health Syst. Pharm. 2013, 70, 195–283. [CrossRef] [PubMed]

65. Lee, S.; Prasad, P.; Lin, M.; Garritson, S.; Nichols, A.; Liu, C. Ertapenem prophylaxis associated with an
increased risk of Clostridium difficile infection among surgical patients. Infect. Control. Hosp. Epidemiol. 2015,
36, 1351–1354. [CrossRef] [PubMed]

66. Stollman, N.; Smalley, W.; Hirano, I.; AGA Institute Clinical Guidelines Committee. American
Gastroenterological Association Institute guideline for the management of acute diverticulitis.
Gastroenterology 2015, 149, 1944–1949. [CrossRef] [PubMed]

67. Blot, S.; De Waele, J.J.; Vogelaers, D. Essentials for selecting antimicrobial therapy for intra-abdominal
infections. Drugs 2012, 72, e17–e32. [CrossRef] [PubMed]

68. Rodríguez-Sanjuán, J.C.; Casella, G.; Antolín, F.; Castillo, F.; Fernández-Santiago, R.; Riaño, M.; Herrera, L.A.;
Gómez-Fleitas, M. How long is antibiotic therapy necessary after urgent cholecystectomy for acute
cholecystitis? J. Gastrointest. Surg. 2013, 17, 1947–1952. [CrossRef] [PubMed]

69. Sawyer, R.G.; Claridge, J.A.; Nathens, A.B.; Rotstein, O.D.; Duane, T.M.; Evans, H.L.; Cook, C.H.; O'Neill, P.J.;
Mazuski, J.E.; Askari, R.; et al. Trial of short-course antimicrobial therapy for intraabdominal infection.
N. Engl. J. Med. 2015, 372, 1996–2005. [CrossRef] [PubMed]

70. Catena, F.; Vallicelli, C.; Ansaloni, L.; Sartelli, M.; Di Saverio, S.; Schiavina, R.; Pasqualini, E.; Amaduzzi, A.;
Coccolini, F.; Cucchi, M.; et al. T.E.A. study: Three-day ertapenem versus three-day ampicillin-sulbactam.
BMC Gastroenterol. 2013, 13. [CrossRef] [PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons by Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ijantimicag.2011.06.003
http://www.ncbi.nlm.nih.gov/pubmed/21782394
http://dx.doi.org/10.1086/664765
http://www.ncbi.nlm.nih.gov/pubmed/22418644
http://dx.doi.org/10.1093/jac/dku498
http://www.ncbi.nlm.nih.gov/pubmed/25505004
http://dx.doi.org/10.2146/ajhp120568
http://www.ncbi.nlm.nih.gov/pubmed/23327981
http://dx.doi.org/10.1017/ice.2015.193
http://www.ncbi.nlm.nih.gov/pubmed/26278576
http://dx.doi.org/10.1053/j.gastro.2015.10.003
http://www.ncbi.nlm.nih.gov/pubmed/26453777
http://dx.doi.org/10.2165/11599800-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22480338
http://dx.doi.org/10.1007/s11605-013-2321-3
http://www.ncbi.nlm.nih.gov/pubmed/23975031
http://dx.doi.org/10.1056/NEJMoa1411162
http://www.ncbi.nlm.nih.gov/pubmed/25992746
http://dx.doi.org/10.1186/1471-230X-13-76
http://www.ncbi.nlm.nih.gov/pubmed/23631512
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Appendicitis 
	Epidemiology/Pathogenesis 
	Microbiology 
	Clinical Presentation/Diagnosis 
	Treatment 
	Conclusion 

	Diverticulitis 
	Epidemiology/Pathogenesis 
	Microbiology 
	Clinical Presentation/Diagnosis 
	Treatment 
	Conclusion 

	Cholecystitis 
	Epidemiology/Pathogenesis 
	Microbiology 
	Clinical Presentation/Diagnosis 
	Treatment 
	Conclusion 

	Antimicrobial Stewardship Initiatives 
	Conclusions 

