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Summary
BACKGROUND: Choice of antibiotics for complicated appendicitis should address local antibiotic resistance patterns. As our local data showed a less than 15% resistance of Escherichia coli to co-amoxicillin (amoxicillin
+ clavulanic acid), we opted for this antibiotic in 2013.
Subsequently, the increasing prevalence of Pseudomonas
aeruginosa challenged this choice.
AIM OF THE STUDY: The aim of this study was to describe the bacteriology of peritoneal swabs from cases of
complicated appendicitis in our paediatric patients, and to
determine the risk of infectious complications (wound and/
or intra-abdominal abscesses).
METHODS: We designed a retrospective cohort study including all children (<18 years old) who had surgery for
complicated appendicitis between 1 January 2010 and 31
December 2016 and had a peritoneal swab culture. Microbiological results are presented descriptively. Univariate analyses were performed for potential determinants of
infectious complications. All variables with a p-value <0.05
were then included in a multivariable logistic regression
model, for which adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated.
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RESULTS: One hundred and thirty-three patients were
treated for complicated appendicitis and had cultures of
peritoneal fluid. Median age was 9.5 years old (IQR
5.7–12.4), and there were 53 girls (40%). E. coli was
isolated in 94 patients (71%) and was resistant to coamoxicillin in 14% of cases. P. aeruginosa was isolated
in 31 patients (23%). The rate of infectious complications
was 38% (8/21 patients) when the empiric antibiotic did
not cover P. aeruginosa and 0% (0/10 patients) when P.
aeruginosa was covered adequately (p = 0.03). In a multivariable analysis, only co-amoxicillin-resistant E. coli significantly predicted infectious complications (OR 4.7; 95%
CI 1.4–16.6; p = 0.015).
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CONCLUSION: Results of the multivariable analysis of
this small, retrospective study revealed a statistically significant increase in the risk of postoperative complications
in the presence of co-amoxicillin-resistant E. coli. The
choice of antibiotic should be adapted accordingly. More
data are needed to justify the systematic coverage of P.
aeruginosa in children with complicated appendicitis.
Keywords: complicated appendicitis, Pseudomonas
aeruginosa, antibiotic therapy, resistant Escherichia coli

Introduction
Appendicitis is the most common abdominal surgical
emergency in children. Complicated appendicitis accounts
for 25% of all appendicitis cases in paediatric populations,
and the infectious postoperative complication rate is
3–25% [1, 2]. Case management, including the choice and
duration of postoperative antibiotic therapy, varies among
centres and surgeons [3–5]. Several authors have tried to
suggest standardised management, but no real consensus
has emerged [1, 5–7].
Combined triple therapy (e.g., amoxicillin + aminoglycoside + metronidazole) has been widely used [1, 8, 9].
However, recent evidence suggests that a broad-spectrum,
single antibiotic therapy (e.g., piperacillin-tazobactam)
[10–12] or a combination of ceftriaxone and metronidazole
[13–15] are at least as effective and economical [16].
The emergence of resistant pathogens like Pseudomonas
aeruginosa, which have been found in 15–35% of complicated appendicitis cases [3, 4, 8, 9, 17–19], should be
considered when choosing the appropriate antibiotic regimen. The initial choice of antibiotics is important, as studies have shown that the risk of complications increases
when bacteria appear resistant to the chosen antibiotics [4,
9, 10, 16]. However, evidence that empirical coverage of
P. aeruginosa decreases the risk of post-surgical infectious
complications is lacking [20].
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In our institution, triple antibiotherapy (co-amoxicillin
(amoxicillin + clavulanic acid) + aminoglycoside +
metronidazole) used to be prescribed for complicated appendicitis. Since 2013, after an evaluation of regional resistances showed that fewer than 15% of Escherichia coli
cases were resistant to co-amoxicillin, and with regard to
the IDSA guidelines [21, 22], we reduced the antibiotic
spectrum to limit the emergence of antibiotic resistance.
Co-amoxicillin was prescribed alone for pre- and post-surgical management.
In the months following the implementation of our new antibiotic strategy, an increase in P. aeruginosa documented
in peritoneal swabs was observed.

not, we preferred a percutaneous drainage by the interventional radiologist but when this was not technically feasible, we decided to perform a second surgery.
Data collection
All eligible patients were identified from our surgical database. Relevant information relating to demographic characteristics, clinical presentation, microbiological investigations, management and evolution were retrospectively
retrieved from medical records. Children who had not had
bacterial cultures were subsequently excluded.

This study’s objective was to describe the bacteriology of
the peritoneal swabs taken from cases of complicated appendicitis in our paediatric patients, and to correlate the
risk of infectious complications (wound or intra-abdominal
abscesses) with regards to the initial empirical antibiotics
prescribed and the resistance profile of the bacteria.

Statistical analysis
Demographic information (e.g., gender, age), clinical characteristics (e.g., duration of symptoms), microbiological
information (e.g., bacteria isolated, antibacterial resistance) and management (e.g., surgical procedure, antibiotic
treatment) were compared between groups using either the
Student’s t-test or the Kruskal–Wallis test for continuous
variables, and the chi-squared test or Fisher’s exact test for
categorical variables. All variables with a p-value <0.05
were then included in a multivariable logistic regression
model for which adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated. All tests were twotailed, and a p-value <0.05 was considered statistically significant. Statistical analyses were computed using Stata
software (Stata/IC 11.2 for Mac; StataCorp, Lakeway, TX).

Methods

Results

Design, setting and population
This retrospective, single-centre cohort study was carried
out in a tertiary care hospital (Lausanne University Hospital, Lausanne, Switzerland). Children and adolescents under 18 years old who underwent an appendectomy between
1 January 2010 and 31 December 2016 for a complicated appendicitis (perforated, peritonitis or abscess) were eligible for inclusion if they also had a peritoneal swab culture. Due to its retrospective, anonymous design, with no
anticipated harm to the patients, informed consent was not
requested. The study was approved by the Human Research Ethics Committee of the canton of Vaud and conducted in accordance with the principles of the Declaration
of Helsinki, the standards of Good Clinical Practice and
Swiss regulatory requirements.

Population and initial management
Between 1 January 2010 and 31 December 2016, 742 appendectomies were performed in our institution. Diagnosis
was made by clinical examination, without ultrasound or
CT-scan. One hundred and fifty-one patients (20%) had
complicated appendicitis, confirmed surgically. After the
exclusion of 18 cases due to the absence of peritoneal swab
cultures, 133 patients were available for analyses (table 1).
Median age was 9.5 years old (interquartile range [IQR]
5.7–12.4); there were 53 girls (40%) and 80 boys (60%).
The median duration of symptoms before surgery was two
days (IQR 2–5 days). There was an abscess at presentation which was confirmed by the primary surgery in 23
patients (17%). A laparoscopic appendectomy was performed in 75 cases (56%), whereas the other 58 appendectomies (44%) were carried out by laparotomy. A washout
of the peritoneal cavity was performed in all cases. Fortyseven patients (35%) were given a triple antibiotherapy
(co-amoxicillin, amikacin and metronidazole), 63 (48%) a
monotherapy using co-amoxicillin, 15 (11%) were treated with piperacillin-tazobactam and 8 (6%) a dual therapy
(ceftriaxone + metronidazole) because of an allergy to coamoxicillin.

Antibiotic prescriptions were adjusted according to microbiological findings when fever persisted 48 hours after
surgery or when a bad clinical evolution showed signs of
postoperative infection. Until 2015, the initial empirical
therapy remained co-amoxicillin alone in the majority of
cases. Since then, the choice of antibiotics has been more
variable and dependent on the surgeon.

Intervention
A paediatric surgeon established the indication for surgery
based on his/her clinical diagnosis of appendicitis or, when
in doubt, with the help of a radiological examination
(echography or CT scan). Surgical intervention consisted
of appendectomy by open or laparoscopic surgery. The
first dose of antibiotics was given by the anaesthetist at induction or, when surgery was delayed, at diagnosis (less
than 24 hours before surgery in every case). The diagnosis
of complicated appendicitis was made by the surgeon during the procedure. The usual duration of antibiotics was
four to seven days when post-surgical evolution was uneventful, but could be changed according to the microbiological results and extended by up to two weeks when
infectious complications occurred. Management of complications was decided individually for each patient and
when possible, a conservative treatment was preferred. If
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Microbiology
E. coli was the most common bacterium, found in 94 patients (71%) (fig. 1). Thirteen cases (14%) were resistant or
had intermediate resistance to co-amoxicillin. Only three
strains (3%) were resistant to cephalosporins owing to the
production of broad-spectrum beta-lactamase (ESBL), and
only one strain was resistant to amikacin. The resistance
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rate to co-amoxicillin varied from 0% (0/9) in 2013 to 33%
(6/18) in 2015.
The second most common bacterium was Streptococcus
anginosus, found in 64 patients (48%). They were all sensitive to co-amoxicillin. P. aeruginosa was retrieved from
the peritoneal fluids of 31 patients (23%) and Bacteroides
fragilis from the peritoneal fluids of 40 patients (30%). B.
fragilis appeared to have an intermediate or complete resistance to co-amoxicillin in only four patients (10%). These
four cases were all sensitive to piperacillin-tazobactam and
metronidazole. The rate of P. aeruginosa prevalence increased significantly between 2010 and 2016, from 9% to
44%. (fig. 1).
Overall, 31% (41/133), 26% (34/133), 3% (4/133) and 1%
(1/133) of our patients had cultures of peritoneal samples which showed resistance of at least one bacterium (E.
coli, P. aeruginosa and/or B. fragilis) to co-amoxicillin,
dual therapy of ceftriaxone + metronidazole, piperacillintazobactam and triple therapy of co-amoxicillin + amikacin
+ metronidazole, respectively (table 2). Thirty-one of the
34 ceftriaxone-resistant bacteria were P. aeruginosa. Re-

sistances more than doubled between 2010 and 2013/2014
before decreasing slightly in 2015-2016 (table 2). The empirical coverage of co-amoxicillin-resistant E. coli and P.
aeruginosa was adequate in 31% (4/13) and 32% (10/31)
of cases, respectively.

Evolution and complications
Postoperative, intra-abdominal abscesses occurred in 21
patients (16%) (table 1). Fourteen patients required followup surgery (nine laparotomies and five laparoscopies).
Four initial laparoscopies were extended to laparotomies.
Three required drainage under radiological guidance, and
four were treated conservatively with antibiotics alone.
Seven other patients were treated for a wound abscess. We
did not document new bacteriologic species in the abscesses. The rate of postoperative abscesses was not correlated
to the presence of a preoperative abscess. These abscesses
are drained surgically during the appendectomy and do not
recur in most patients.

Table 1: Patient characteristics and risks factors for infectious complications.
Entire population (n = 133)

Gender, n female (%)

Complications (wound, n = 7, or No infectious complications (n
intra-abdominal abscess, n =
= 105)
21)

p-value*

53 (40)

12 (43)

41 (39)

9.5 (5.7–12.4)

9.8 (5.3–12.4)

9.5 (5.8–12.4)

0.4

Duration of symptoms, median days (IQR)

2 (2–5)

4 (2–5)

2 (2–5)

0.04

Abscess at presentation, n (%)

23 (17)

7 (25)

16 (15)

0.2

Laparoscopy, n (%)

75 (56)

17 (61)

58 (55)

0.6

P. aeruginosa positive, n (%)

31 (23)

8 (29)

23 (22)

0.5

13/94 (14)

7/25 (28)

6/69 (9)

0.02

63 (48)

15 (24)

48 (76)

Piperacillin-tazobactam

15 (11)

2 (13)

13 (87)

Triple antibiotherapy

47 (35)

9 (19)

38 (81)

8 (6)

2 (25)

6 (75)

Age, median years (IQR)

Co-amoxicillin-resistant E. coli, n/total (%)
Empirical antibiotic chosen
Co-amoxicillin

Ceftriaxone-metronidazole

0.7

0.8

IQR = interquartile range Triple antibiotherapy: co-amoxicillin, aminoglycoside and metronidazole * Univariable analysis comparing patients with and without infectious complications: Student’s t-test or the Kruskal-Wallis test for continuous variables and chi-squared test or Fisher’s exact test for categorical variables

Figure 1: Microbiological results by year of identification.
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A longer duration of symptoms before surgery and the
presence of co-amoxicillin-resistant E. coli were positively
correlated with the occurrence of infectious complications
(table 1). In a multivariable analysis, only co-amoxicillinresistant E. coli remained significantly associated with infectious complications (OR 4.8; 95% CI 1.4–16.8; p =
0.013) (table 3).

The indication for covering P. aeruginosa is not clear, even
if there is some evidence of a correlation between the presence of P. aeruginosa and the risk of postoperative infectious complications [19]. Skarda et al. compared the rates
of infectious complications before and after the implementation of a new protocol [20]. The new protocol implemented the use of a dual therapy using ceftriaxone and
metronidazole instead of monotherapy with piperacillintazobactam. In their population of 306 children with ruptured appendicitis (152 under the new protocol), they
found no increase in infectious complications associated
with the new protocol. The complication rate was 1.3% after the implementation of the new protocol, compared to
5.2% before. The difference was not statistically significant. The overall rate of P. aeruginosa was not reported.
However, in a previous report [10] the same authors reported a P. aeruginosa rate of 32%. In recent reviews or guidelines, the question of how to cover P. aeruginosa has not
been specifically addressed, even when coverage for this
bacterium uses a regimen including aminoglycoside (mostly in a triple therapy regimen) or piperacillin-tazobactam
(monotherapy) [6, 14].

The initial presentation (abscess, peritonitis or simple perforation) and the surgical technique (laparotomy vs laparoscopy) had no significant impact on the complication
rate.
The presence of P. aeruginosa had no impact on the rate of
infectious complications (table 1). However, in patients infected with P. aeruginosa, the absence of adequate antibiotic coverage may increase the risk of a wound or intra-abdominal abscess. The rate of infectious complications was
38% (8/21 patients) when the empiric antibiotic did not
cover P. aeruginosa and 0% (0/10 patients) when it was
covered adequately (p = 0.03).
The median duration of hospitalisation for the entire population was six days (IQR 5–9), but it was significantly
longer when infectious complications occurred. The median duration of hospitalisation in patients with and without
infectious complications was 14 days (IQR 7.5–18.5) and
6 days (IQR 5–7) respectively (p <0.001). Nine patients
(7%) were rehospitalised, and in eight cases this was for infectious complications. Eight out of 28 patients (29%) with
infectious complications were rehospitalised, compared to
one of 105 patients (1%) without infectious complications
(p < 0.001).

Our results showed that, even though the absence of coverage for P. aeruginosa increased the risk of complications
when this bacterium was identified, its presence alone did
not increase the risk of infectious complications. The adequate coverage of co-amoxicillin-resistant E. coli (4/13,
31%) and P. aeruginosa (10/31, 32%) were comparable in
our study. However, the proportion of complications was
higher with co-amoxicillin-resistant E. coli (7/13, 54%)
than with P. aeruginosa (8/31, 26%). It is difficult to draw
definitive conclusions with so few cases, but we can assume that in ruptured appendicitis, the relative pathogenic
role of E. coli is higher than that of P. aeruginosa. A low
inoculum for P. aeruginosa in comparison to E. coli might
also explain this difference. Unfortunately, the bacterial
cultures were not quantitative and could not determine the
inoculum.

Discussion
The choice of antibiotics for complicated appendicitis
should address local patterns of E. coli, which is the most
frequently identified bacterium [9, 21]. In our study, we
confirm the increased risk of complications in the presence
of co-amoxicillin-resistant E. coli.

Table 2: Antimicrobial resistant rates of peritoneal samples over time.
Year

Entire population (absolute
numbers)

Co-amoxicillin resistance
rate (number of resistant
samples)

Dual antibiotherapy resistance rate
(number of resistant samples)

Piperacillin-tazobactam resistance rate
(number of resistant samples)

Triple antibiotherapy resistance rate
(number of resistant samples)

2010

16

19% (n = 3)

12% (n = 2)

0%

0%

2011

22

14% (n = 3)

9% (n = 2)

0%

0%

2012

17

24% (n = 4)

24% (n = 4)

0%

0%

2013

13

46% (n = 6)

46% (n = 6)

0%

0%

2014

27

44% (n = 12)

41% (n = 11)

4% (n = 1)

0%

2015

23

39% (n = 9)

22% (n = 5)

13% (n = 3)

4% (n = 1)

2016

15

27% (n = 4)

27% (n = 4)

0%

0%

2010-2016

133

31% (n = 41)

26% (n = 34)

3% (n = 4)

1% (n = 1)

Dual antibiotherapy: ceftriaxone and metronidazole, triple antibiotherapy: co-amoxicillin, amikacin and metronidazole. Co-amoxicillin resistance: culture positive for P. aeruginosa,
co-amoxicillin-resistant E. coli or co-amoxicillin-resistant B. fragilis. Dual antibiotherapy resistance: culture positive for P. aeruginosa or ESBL- (extended spectrum beta-lactamase)
producing E. coli. Piperacillin-tazobactam resistance: culture positive for ESBL-producing E. coli or piperacillin-tazobactam-resistant P. aeruginosa. Triple-therapy resistance:
amikacin-resistant E. coli. All P. aeruginosa were sensitive to amikacin. All B. fragilis were sensitive to metronidazole and to piperacillin-tazobactam.
Table 3: Multivariable analysis.
Predictor

Contrast

Odds ratio (95% CI) for infectious complications

p-value

Co-amoxicillin-resistant E. coli

Yes vs no

4.82 (1.38–16.77)

0.013

One-day increase

1.22 (0.99–1.51)

0.067

-

0.14 (0.05–0.37)

<0.001

Duration of symptoms
Intercept
CI = confidence interval
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If we wanted to empirically cover P. aeruginosa and coamoxicillin-resistant E. coli, our best choice would be
piperacillin-tazobactam or triple antibiotherapy (table 2).
However, because the benefit of empiric coverage of P.
aeruginosa is not definitively proven and in the absence of
a stable, high identification rate of P. aeruginosa, as was
the case at our institution in 2013–2014, there is currently insufficient evidence to widen the antibiotic spectrum to
cover P. aeruginosa. However, with the rate of co-amoxicillin resistance of E. coli peaking at more than 30% in
2015, we decided to change our choice of antibiotic from
co-amoxicillin to a dual therapy of ceftriaxone and metronidazole. In the case of bad clinical evolution or cultures
positive for P. aeruginosa, the treatment was changed to
piperacillin-tazobactam as soon as possible to reduce the
risk of postoperative complications.
Our study has some limitations. First, its design is retrospective, and a significant proportion of patients had not
had peritoneal swab cultures done. Second, our surgical
and antibiotic strategies were not uniform throughout the
study period. Finally, the small number of patients may
have limited our ability to prove a significant impact of P.
aeruginosa or other variables (such as the presence of abscess at presentation) on the risk of infectious complications, and the local conditions may limit the generalisability of our findings to other settings.

6

7

8

9

10

11

12

13

14

Conclusion
The multivariable analysis of this small, retrospective
study revealed a statistically significant increase in the risk
of postoperative complications in the presence of resistant E. coli. Knowledge of local resistance patterns should
guide antibiotic strategies. The impact of the presence of
P. aeruginosa and the absence of its antibiotic coverage on
the rate of infectious complications remains unclear. More
data would be needed to justify the systematic coverage of
P. aeruginosa in children with ruptured appendicitis.
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