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Abstract

Background Children with perforated appendicitis have a

relatively high risk of intra-abdominal abscesses. There is

no evidence that prolonged antibiotic treatment after sur-

gery reduces intra-abdominal abscess formation. We

compared two patient groups with perforated appendicitis

with different postoperative antibiotic treatment protocols.

Methods We retrospectively reviewed patients younger

than age 18 years who underwent appendectomy for per-

forated appendicitis at two academic hospitals between

January 1992 and December 2006. Perforation was diag-

nosed during surgery and confirmed during histopatholo-

gical evaluation. Patients in hospital A received 5 days of

antibiotics postoperatively, unless decided otherwise on

clinical grounds. Patients in hospital B received antibiotics

for 5 days, continued until serum C-reactive protein

(CRP) was \20 mg/l. Univariate logistic regression anal-

ysis was performed on intention-to-treat basis. p \ 0.05

was considered significant.

Results A total of 149 children underwent appendectomy

for perforated appendicitis: 68 in hospital A, and 81 in

hospital B. As expected, the median (range) use of anti-

biotics was significantly different: 5 (range, 1–16) and 7

(range, 2–32) days, respectively (p \ 0.0001). However,

the incidence of postoperative intra-abdominal abscesses

was similar (p = 0.95). Regression analysis demonstrated

that sex (female) was a risk factor for abscess formation,

whereas surgical technique and young age were not.

Conclusions Prolonged use of antibiotics after surgery for

perforated appendicitis in children based on serum CRP

does not reduce postoperative abscess formation.

Introduction

Appendicitis is the most common acute condition that

requires surgery in children. Yet there is no consensus

regarding the optimal antimicrobial treatment for children

with uncomplicated or complicated appendicitis [1–3].

Appendicitis has a broad spectrum of severity and therapy

should be categorized accordingly. Of all children with

appendicitis, those with perforated appendicitis are espe-

cially prone to develop intra-abdominal abscesses. Chil-

dren with perforated appendicitis are usually treated with

intravenous antibiotics. However, there is no common

opinion about the time period during which antibiotic

treatment should be given. Nor is it clear whether pro-

longed antibiotic treatment reduces the incidence of intra-

abdominal abscess formation. Recently, the Therapeutic

Agents Committee of the Surgical Infection Society pub-

lished guidelines on antimicrobial therapy for children with

appendicitis in general, including recommendations for

treatment of children operated on for perforated appendi-

citis, based on the available literature [3]. However, little or
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no evidence exists to decide whether prolonged use of

postoperative antibiotic treatment prevents intra-abdominal

abscess formation in this particular patient group. There-

fore, the goal of this study was to investigate whether

prolonged use of antibiotics after surgery reduces intra-

abdominal abscess formation in children with perforated

appendicitis.

Patients and methods

Patients and definition of perforated appendicitis

Patients younger than age 18 years operated on for perfo-

rated appendicitis at two academic pediatric surgical

departments (A and B) between January 1st, 1992 and

December 31st, 2006 were included, and patient data were

reviewed retrospectively.

One patient was excluded from the analysis because of a

urinary tract infection, which required prolonged antibiotic

treatment. Perforation was defined as a non-iatrogenic

lesion in the appendix. It was diagnosed during surgical

intervention and confirmed postoperatively through histo-

pathological evaluation. All resected specimens were

histopathologically evaluated.

Antimicrobial treatment regimens

In all children, antibiotic treatment was started with a single

intravenous dose before the incision was made. The anti-

biotic treatment protocol for perforated appendicitis with

intravenously administered Augmentin (amoxicillin cla-

vulanate) was similar in both hospitals for the first 5 days

after surgery. In hospital B, this antibiotic therapy was

complemented with gentamicin. After 5 days, antibiotic

treatment was discontinued in hospital A (group A), unless

staff decided otherwise on clinical grounds (for example

temperature, patient’s oral intake). In hospital B (group B),

serum C-reactive protein (CRP) levels were determined

after 5 days of antibiotic treatment on a daily basis at the

clinical chemistry laboratory, and only Augmentin was

continued until CRP levels decreased to \20 mg/l. In a

minority of cases, a positive culture gave impetus to switch

or complement the standard antibiotic treatment.

Definition of intra-abdominal abscess

Intra-abdominal abscess was strictly defined as a symp-

tomatic collection of fluid within the abdominal cavity that

was diagnosed on ultrasound, computed tomography, or at

surgical intervention, and which was secondary to initial

appendectomy.

Statistical analysis

All statistical analyses were performed on an intention-to-

treat basis using GraphPad Prism version 4.00, 2003

(GraphPad Software, Inc.) and SPSS version 15.0, 2006

(Lead Technologies, Inc.). Numeric data of both treatment

groups were mostly compared using the Student’s t test,

and data were presented as mean (standard error of the

mean, SEM). When data were not normally distributed, the

Mann–Whitney U test was used and data were expressed as

median (range). Univariate logistic regression analyses

were used to evaluate the influence of potential con-

founders, such as age, sex, hospital, and surgical technique.

A p value \0.05 was considered significant.

Results

Patients

During the period studied, 620 children underwent surgery

for acute appendicitis in one of the two participating cen-

ters; 149 (24%) of these children underwent appendectomy

for perforated appendicitis: 68 in hospital A (group A), and

81 in hospital B (group B; Table 1). The median age was

11 (range, 1–17) years in group A versus 9 (range, 0–17)

years in group B. This difference was significant

(p \ 0.001). The patient, treatment, and outcome charac-

teristics of both groups are listed in Table 1.

Follow-up

Three children were lost to follow-up after successful

discharge from the hospital. One of these patients was

admitted to hospital A during a trip abroad and returned

home after being discharged, one patient (hospital A) had

postoperative outpatient appointments at another hospital

and was lost to follow-up, and one patient (hospital B)

never kept her appointment at the outpatient clinic and did

not respond to calls. These children were not excluded

from the analysis. Patient follow-up was complete for 146

children (98%). No other data were missing.

Surgical procedure

Seventy-two (48%) children underwent laparoscopic

appendectomy. Open appendectomy was performed in 77

(52%) children (Table 1). Because both participating cen-

ters are university hospitals, surgical procedures were

performed by multiple surgeons and residents under

supervision. Surgical protocols revealed no specific

differences.
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Antibiotic treatment

Median duration of antibiotic treatment was significantly

shorter in group A than in group B: 5 (range, 1–16) days

versus 7 (range, 2–32) days (p \ 0.0001; Table 1), which

was expected due to the difference in treatment protocols.

In group A, 10 patients received antibiotic treatment for

more than 5 days. Only 4 of these patients had an intra-

abdominal abscess. In group B, 54 patients received anti-

biotic treatment for more than 5 days.

In group B, all (100%) children received gentamicin as

part of the standard antibiotic regimen for perforated

appendicitis, whereas in group A only 13 (18.8%) children

received gentamicin in addition to standard Augmentin. In

3 patients of group A, a positive culture of abdominal fluid

gave impetus to add metronidazole to the standard antibi-

otic treatment. Patients were discharged when antibiotic

treatment was complete, serum white blood count had

normalized, and patients were afebrile and able to tolerate

liquid foods at least.

Serum white blood counts at completion of antibiotic

treatment were not available from all patients included, but

the mean white blood count determined in 63.2% of patients

was 11.7 (0.76) 9 109 white blood cells per liter of blood.

Intra-abdominal abscess formation

Twenty-nine (19.5%) of all children operated on for per-

forated appendicitis developed an intra-abdominal abscess:

13 (18.8%) in group A, and 16 (19.8%) in group B

(p = 0.95; Table 1). The mean age of the children who

developed an intra-abdominal abscess postoperatively was

9.8 (0.7) years, compared with 9.5 (0.3) years in the total

group of patients. The age of the children with an abscess

was not significantly different between the two hospitals

(10 (range, 3–14) years in hospital B compared with 11

(range, 6–17) years in hospital A, p = 0.142). Univariate

logistic regression analysis demonstrated that intra-

abdominal abscesses occurred more often in girls

(p = 0.042; odds ratio (OR), 0.422; 95% confidence

interval (CI), 0.183–0.971). No other independent risk

factors (such as age, hospital, and surgical technique) were

identified for the development of an intra-abdominal

abscess (Table 2).

Treatment of intra-abdominal abscesses

Whereas in two (6.9%) patients, the intra-abdominal abscess

resolved without intervention, the standard antibiotic treat-

ment was prolonged in three (10.3%) other children, without

performing a surgical procedure to eliminate the abscess.

Fifteen (51.7%) children were treated by incision and

drainage of the abscess—transanally or percutaneously.

Nine (31.0%) children underwent formal surgery for abscess

drainage and lavage a total of 14 times (mean per child, 1.4).

Discussion

There is no single evidence-based antibiotic treatment

strategy for uncomplicated or perforated appendicitis,

particularly because there is no indisputable evidence for

any optimal antimicrobial therapy after surgery for

appendicitis in children [3]. Despite a marked decline in

Table 1 Characteristics of

group A and group B

Data are numbers with

percentages in parentheses

unless otherwise indicated

Demographic Group A (n = 68) Group B (n = 81) p value

Male 43 (63) 39 (48) 0.11

Age (year), median (range) 11 (1–17) 9 (0–17) \0.001

Surgical technique

Laparoscopic appendectomy 21 (31) 51 (63) \0.01

Open appendectomy 47 (69) 30 (37) \0.01

Use of antibiotics, median (range) 5 (1–16) 7 (2–32) \0.0001

Abscess formation 13 (19) 16 (20) 0.95

Table 2 Analysis of potential

risk factors

OR odds ratio; CI confidence

interval

Variable Univariate logistic regression analysis

p value OR 95% CI

Sex (male) 0.042 0.422 0.183–0.971

Age (year) 0.306 1.057 0.951–1.175

Hospital (hospital A) 0.922 0.96 0.425–2.17

Surgical technique (open technique) 0.412 0.711 0.315–1.606
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associated mortality during the past 50 years, perforation

and complication rates remain unchanged, because they are

influenced strongly by factors untouched by the intervening

therapeutic advances. Scanty data exist about optimal

duration of postoperative antibiotic treatment, whereas it is

important to treat patients with adequate antimicrobial

therapy and to avoid overtreatment.

Some authors advocate a predefined duration of anti-

microbial treatment, whereas others discontinue antibiotics

depending on the patient’s clinical signs regardless of

length of therapy. Unfortunately, studies that have inves-

tigated antibiotic regimens and included duration of post-

operative antibiotic treatment as a point of interest often

included children with perforated as well as gangrenous

appendicitis [4–9], thereby assembling a different popula-

tion, with a lower rate of postoperative intra-abdominal

abscesses. The recently published guidelines from the

Therapeutic Agents Committee of the Surgical Infection

Society for antimicrobial therapy in children recommend

that, with respect to perforated appendicitis, treatment

duration should be based on the patient’s response to

treatment and intravenous therapy should be continued

until the patient is afebrile, has normal white blood cell

counts—in brief, has no symptoms of infection left at all

[3]. However, these recommendations are partly based on

studies that included children with gangrenous appendici-

tis. Gangrenous appendicitis is a different entity with an

intact intestinal lining that should be treated by resection,

with only 24 h of postoperative antibiotics [10, 11]. In the

current study, only children with perforated appendicitis

were included to narrow the spectrum of the disease and to

examine the influence of antibiotic therapy in a patient

population that is most prone to develop intra-abdominal

abscesses. By selecting this predisposed group, we

designed to enlarge the possible effects of the different

antibiotic treatment protocols.

Duration of antibiotic treatment could be determined by

relying on criteria, such as normalized acute phase proteins

(e.g., CRP), white blood count, and normal findings at

bedside examination. However, in theory, this could lead to

excessive use of antibiotics, because abnormal findings

may be caused by an inflammatory response rather than an

infection [10]. In the current study, the serum white blood

count was not a reliable determinant to decide whether to

discharge a patient. Snelling et al. presented a clear over-

view of abundant (often unspecified) criteria upon which

antibiotic treatment is modified or discontinued in the

current practice [4]. Opponents of the use of such criteria

plead that management of infections should include patient

support and antimicrobial therapy, but above all it should

include an intervention to deal with the underlying process

(e.g., drainage of an intra-abdominal abscess) [10–12].

Only when infections are not easily controllable, prolonged

antibiotic therapy may be required. Thus, persistence of

inflammation beyond the time of antibiotic therapy is not

an indication to continue, restart, or change the antibiotic,

but it is a hint that a treatable source of infection might be

present, in absence of which signs of inflammation will

remit spontaneously.

The current study was set up as a retrospective study with

the primary purpose to compare two antibiotic treatment

regimens in two patient groups with an equally high risk of

abscess formation postoperatively. However, whereas the

multicenter design of the study enabled us to weigh both

regimens, it also increased the amount of variability

between both treatment groups. For example, the mean age

in hospital B is significantly lower than in hospital A. It is

reported in literature that appendicitis may manifest itself

more severe in younger children [13, 14]. Therefore, in

theory, it is possible that the negative impact of age blurs the

beneficial effect of prolonged antibiotic treatment, and the

same assumption can be made for the sex difference and

surgical approach, even though comparison of the two sur-

gical protocols revealed no differences in general. To

exclude the influence of potentially confounding factors,

such as age, sex, and surgical technique on abscess forma-

tion, each factor has been taken into account in multivariate

regression risk analysis, which revealed that no other

potential risk factors apart from female sex predispose to

intra-abdominal abscess development postoperatively.

Because both participating centers are university hospitals,

surgical procedures were performed by multiple surgeons

and residents under supervision. This explains the relatively

high risk of open surgery, because to enable residents to

learn the standard open procedure, after diagnosis of a

positive appendix using a scope without inflating the

abdomen, open appendectomy may have been performed

when the resident was not yet trained to perform laparo-

scopic appendectomy. It would have been more elegant to

compare treatment groups within one hospital to eliminate

the risk of confounding variables.

Both patient groups were identical regarding the onset

and type of antibiotics. Although children in hospital B

received gentamicin as part of the standard antibiotic pro-

tocol, and only 18.8% of children in hospital A did, we

believe that we compared two adequate and equivalent

antibiotic regimens. As stated, our purpose was to compare

the duration of adequate antibiotic treatment to determine

whether a more aggressive antibiotic approach would reduce

the risk of intra-abdominal abscess formation. Whereas the

postoperative intra-abdominal abscess rate found in the

current study is relatively high, it is still within the range

reported in previous studies for the pediatric population

operated on for perforated appendicitis (3–24%) [6, 15–18].

Using a strict definition for perforated appendicitis elevates

the abscess rate within this population [17], and because
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clear definitions for both perforated appendicitis and intra-

abdominal abscess were applied in the current study, this

could explain the high abscess rates that were found.

Not minifying the limitations of the current study, the

clear results imply that prolonged antibiotic treatment after

surgery for perforated appendicitis based on serum CRP

level does not reduce the incidence of intra-abdominal

abscesses. These findings are in agreement with the study

by Henry et al. who also found no correlation between

length of postoperative antibiotic treatment and abscess

formation in children operated on for perforated appendi-

citis [15], and with the study by Lelli et al. who reviewed a

historical cohort of children [19].

We would like to suggest a randomized, controlled trial

to determine the optimal duration of postoperative antibi-

otic treatment for children with perforated appendicitis.
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