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Abstract

Introduction The purpose of this analysis was to investigate the most appropriate duration of postoperative antibiotic treat-
ment to minimize the incidence of intraabdominal abscesses and wound infections in patients with complicated appendicitis.
Materials and methods In this retrospective study, which included 396 adult patients who underwent appendectomy for
complicated appendicitis between January 2010 and December 2020 at the University Hospital Erlangen, patients were
classified into two groups based on the duration of their postoperative antibiotic intake: < 3 postoperative days (group 1)
vs. > 4 postoperative days (group 2). The incidence of postoperative intraabdominal abscesses and wound infections were
compared between the groups. Additionally, multivariate risk factor analysis for the occurrence of intraabdominal abscesses
and wound infections was performed.

Results The two groups contained 226 and 170 patients, respectively. The incidence of postoperative intraabdominal
abscesses (2% vs. 3%, p=0.507) and wound infections (3% vs. 6%, p=0.080) did not differ significantly between the
groups. Multivariate analysis revealed that an additional cecum resection (OR 5.5 (95% CI 1.4-21.5), p=0.014) was an
independent risk factor for intraabdominal abscesses. A higher BMI (OR 5.9 (95% CI 1.2-29.2), p=0.030) and conversion
to an open procedure (OR 5.2 (95% CI 1.4-20.0), p=0.016) were identified as independent risk factors for wound infections.
Conclusion The duration of postoperative antibiotic therapy does not appear to influence the incidence of postoperative
intraabdominal abscesses and wound infections. Therefore, short-term postoperative antibiotic treatment should be preferred.

Keywords Complicated appendicitis - Appendectomy - Postoperative antibiotic therapy - Intraabdominal abscess -
Wound infection

Introduction

Appendicitis is one of the most frequent reasons for emer-
gency room visits, with an incidence of 124 cases per
100,000 people in Germany. The lifetime risk of developing
appendicitis is approximately 7-8% [1, 2]. Acute appendi-
citis can be categorized into two forms: uncomplicated and
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complicated. Complicated appendicitis is seen in approxi-
mately 30% of all patients that undergo appendectomy and
is characterized by transmural inflammation with features
like necrosis (gangrenous), perforation, and/or the forma-
tion of abscesses in the pelvic or intraabdominal region [3].
Patients with complicated appendicitis tend to experience
more postoperative morbidity including infectious com-
plications, longer hospital stays and a higher likelihood of
readmission [4-10].

As an inflammatory condition, antibiotics play a relevant
role in appendicitis treatment. There is an ongoing debate
about whether acute appendicitis can be managed solely
with antibiotic therapy. The literature presents promising
data for antibiotic treatment of uncomplicated appendicitis,
but with a notable risk of recurrence [11-15]. Therefore,
emergency appendectomy remains the standard approach,
particularly in cases of complicated appendicitis [16].
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Furthermore, antibiotic therapy serves as an additional
postoperative treatment following appendectomy, with the
primary aim of preventing postoperative infectious compli-
cations [17, 18]. The most common postoperative infectious
complications include the development of intraabdominal
abscesses (occurring in about 1.5 —7.9% of patients after
appendectomy) and postoperative wound infections (rang-
ing from 3.4 to 10.0%) [17—-19]. However, the available evi-
dence on postoperative antibiotic therapy is limited, with
substantial debates regarding the optimal duration of anti-
biotic treatment [20]. Benefits of implementing antibiotic
restriction encompass decreased hospital stays and mini-
mized antibiotic-related adverse effects including diarrhoea,
nausea, allergies, thrombophlebitis and Clostridium difficile
infection. Moreover, healthcare costs could be reduced by
restricted antibiotic use [21, 22].

The objective of this study is to compare outcomes
among patients with complicated appendicitis who received
different durations of postoperative antibiotic therapy after
appendectomy, with a particular focus on assessing infec-
tious complications.

Material and method

This retrospective study included 1,570 patients aged 18
or older who underwent appendectomy +/- coecal resec-
tion for acute appendicitis at the Department of General
and Visceral Surgery of the University Hospital Erlangen
between January 2010 and December 2020. Patients who
required ileocoecal resection for local source control were
not considered for this analysis due to their different risk
profile stemming from the need for an anastomosis. Based
on intraoperative findings, acute appendicitis was classi-
fied as either uncomplicated or complicated. Complicated
appendicitis was defined as gangrenous or/and perforated
appendicitis with or without peritonitis and/or perityphlitic
abscess. Consequently, 1,074 patients with uncomplicated
appendicitis were excluded from the analysis, resulting in a
study cohort of 394 patients with complicated appendicitis.

The study cohort was divided into two groups based on
the duration of their postoperative antibiotic therapy: Group
1 included patients who received at least a single intraop-
erative dose of antibiotics and an additional postopera-
tive antibiotic therapy for a maximum of three days, while
group 2 had additionally postoperative antibiotic therapy for
four or more days. Stratification was based on continuous
postoperative antibiotic therapy initiated immediately after
surgery. Patients who required antibiotics again due to com-
plications after discontinuing postoperative antibiotics were
categorized based on their initial duration of postoperative
antibiotic therapy. The cut-off of three days of antibiotic
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therapy was chosen according to comparable studies in the
literature [17].

Primary endpoint of the study was the occurrence of an
intraabdominal abscess and of a postoperative wound infec-
tion in the two groups as well as their risk factors.

Data regarding patient demographics, preoperative diag-
nostics, intraoperative and histopathological findings, as
well as the postoperative course were extracted from the
clinical information system for group comparisons and
subsequent statistical analysis. Based on the intraopera-
tive findings, the patients were classified according to the
AAST classification [23]. Morbidity was defined as any
deviation from the ordinary postoperative course and classi-
fied according to the Clavien-Dindo Classification [24]. An
intraabdominal abscess was defined as any intra-abdominal
fluid collection that required treatment with antibiotic ther-
apy, interventional drainage or re-surgery. Wound infection
was defined was defined according to wound healing CDC
definition for superficial incisional surgical site infections
[25]. The follow-up time of the patients included 90 days
after surgery.

This study was approved by the FAU University Ethical
Commission (22-157-Br).

Antibiotic and surgical standards

All patients received a single intravenous dose of either
Ceftriaxone (2 g) or Cefotaxime (2 g) and Metronidazole
(500 mg) as antibiotic prophylaxis. The therapeutic antibi-
otic regimen was continued as per the operative prescription
provided by the operating surgeon. The standard postopera-
tive antibiotic regimen consisted of either Cefotaxime (2 g,
3 times a day) and Metronidazole (500 mg, 3 times a day) or
piperacillin/tazobactam (4.5 g, 3 times a day). Both antibi-
otic regimens were administered intravenously as standard
during the hospital stay. Antibiotic therapy was continued
orally after discharge in 61 patients (15%). The duration of
antibiotic therapy was determined collaboratively by the
surgeon and the attending physicians on the ward, consider-
ing the results of the intraoperative swab and the patient’s
clinical condition.

The standard procedure for appendectomy involved a
laparoscopic 3-port appendectomy. However, the choice of
surgical approach was made by the operating surgeon. Dur-
ing initial study period, an open approach was more com-
monly chosen. The appendix removal method (Roeder loop
or stapler) was selected based on the surgeon’s discretion. In
cases of severe inflammation at the appendix base, a coecal
pole resection was performed. All surgeries were conducted
either by a specialist surgeon or a resident. Residents were
always supervised by a specialist surgeon experienced in
both open and laparoscopic procedures.
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Statistical analysis

We conducted the statistical analyses using SPSS Statistics
(Version 28.0, IBM). Ordinal and metric data were com-
pared using the Mann-Whitney U test or Student’s t-test,
while the chi-square test was employed for categorical data.
Statistical significance was defined as p < 0.05. All assessed
baseline parameters as well as the use of postoperative anti-
biotics were initially tested univariately for their associa-
tion with wound infection and intraabdominal abscess. For
better clarity, only the p-values were provided for the uni-
variate analysis. Any parameters found to have a significant
association in univariate analysis, along with the duration
of antibiotic therapy, were subsequently included in the
multivariate analysis. For the multivariately tested values,
the odds ratio, the confidence interval, and the p-value were
provided.

Results
Baseline patient characteristics

During the study period, a total of 396 patients (median age:
51 years, 44% female) met the inclusion criteria. Out of
these, 226 patients were categorized into group 1 and 170
patients into group 2.

Regarding the baseline patient characteristics, the groups
exhibited significant differences in the following param-
eters: Patients with a duration of postoperative antibiotic
therapy >4 days were older (53 vs. 48 years, p=0.049), had
a worse ASA score (p=0.012), a higher preoperative CRP
value (160 vs. 90 mg/1, p <0.001), a lower hemoglobin level
(13.8 vs. 14.4 g/dl, p=0.001), a higher conversion rate to an
open procedure (22 vs. 6%, p<0.001), and more frequent
findings of necrosis or gangrene (25 vs. 12%, p <0.001) and
perityphlitic abscess (53 vs. 31%, p<0.001) (Table 1).

Postoperative outcomes

Intraabdominal abscess and wound infections occurred in
2% and 4%, respectively. The incidence of an intraabdomi-
nal abscess (2% vs. 3%, p=0.507) and of wound infections
(3% vs. 6%, p=0.080) did not differ significantly between
the groups. Patients with a longer duration of postoperative
antibiotic therapy showed a higher rate of morbidity (9%
vs. 26%, p<0.001) and of need of re-surgery (1% vs. 6%,
p=0.011) as well as a longer hospital stay (4 vs. 6 days,
p<0.001) (Table 2).

Risk factors for the occurrence of an intraabdominal
abscess

Uni- and multivariate analysis revealed the need of a coe-
cum resection as the only independent risk factor for post-
operative intraabdominal abscess (OR 5.5 CI (1.4-21.5),
p=0.014). There was no association between the duration
of postoperative antibiotics and the incidence of a postop-
erative intraabdominal abscess (Table 3).

Risk factors for the occurrence of a wound infection

For the postoperative incidence of wound infection, five
risk factors could be identified in univariate analysis: higher
age (p=0.005) and BMI (p=0.035), worse ASA-Score
(p=0.014), diabetic patients (p=0.009) and conversion to
open procedure (p=0.015). However, only two of these fac-
tors were confirmed as independent risk factors in multivar-
iate analysis: higher BMI (OR 5.9 CI (1.2-29.2), p=0.030)
and conversion (OR 5.2 CI (1.4-20.0), p=0.016). The dura-
tion of postoperative antibiotics showed again no significant
impact on the incidence of a postoperative wound infection
(Table 4).

Discussion

The use of antibiotics following emergency appendectomy
for complicated appendicitis is a common practice, pri-
marily based on intraoperative findings like peritonitis or
abscesses. The objective of continued postoperative antibi-
otic use is to prevent infectious complications, particularly
intraabdominal abscesses and wound infections. Neverthe-
less, there is an ongoing debate regarding the optimal dura-
tion of postoperative antibiotic therapy.

Our analysis showed an incidence of an intraabdominal
abscess and of wound infections of 2% and 4%, respectively.
This corresponds to approximately one-third of all postop-
erative complications in our cohort and, therefore, demon-
strates significant relevance. Other studies have reported
similar incidences, ranging from 1.5% up to 7.9% for the
occurrence of intraabdominal abscess and 3.4-10.0% for
wound infection [17-19, 26].

In our cohort, an extended duration of antibiotic treat-
ment was not associated with a reduced risk of develop-
ing an intraabdominal abscess or wound infections. These
findings align with recent randomized controlled trials and
two other large observational studies: De Wijkerslooth et al.
conducted a large randomized controlled trial in 15 hospitals
in the Netherlands, randomizing 1066 patients to receive 2
days or 5 days of intravenous postoperative antibiotics
after appendectomy. In this trial, 2 days of postoperative
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Table 1 Baseline patient Patient Characteristics AB<3 AB>4 p-value
characteristics Number, 7 (%) 226 170
Age (years), median (IQR) 48 (27) 53 (30) 0.049
Gender, n (%) 0.066
Female 91 (40) 85 (50)
Male 135 (60) 85 (50)
BMI* (kg/m?), median (IQR) 26.1(5.8) 25.4(6.3) 0.746
ASA*, n (%) 0.012
I 95 (47) 53 (33)
I 81 (40) 74 (45)
11 23 (11) 34 (21)
v 3(2) 2(1)
Active smoker, n (%) 49 (22) 31(18) 0.449
Diabetes, n (%) 19 (8) 14 (8) 1.000
Preop. blood results, median (IQR)
WBC count (x10%/1) 13.5(5.4) 14.0 (6.2) 0.149
CRP (mg/1) 90 (111) 160 (152) <0.001
Hemoglobin (g/dl) 144 (2.1) 13.8(2.2) 0.001
Creatinine (mg/dl) 0.9 (0.3) 0.8 (0.3) 0.740
Preop. radiological diagnostic
App. diameter (mm), median (IQR) 11(5) 11(5) 0.954
Intraabdominal fluid, n (%) 119 (53) 94 (55) 0.612
Appendicolith, n (%) 26 (12) 27 (16) 0.234
Time to appendectomy 0.064
<6h 104 (46) 62 (37)
>6h 122 (54) 108 (63)
Time of appendectomy 0.170
Daytime 89 (39) 55(32)
Nighttime 137 (61) 115 (68)
Surgical experience 0.422
Resident 36 (16) 33(19)
Specialist 190 (84) 137 (81)
Surgical approach, n (%) <0.001
Laparoscopic 139 (62) 88 (52)
Open 73 (32) 44 (26)
Conversion 14 (6) 38 (22)
Duration of surgery (min), median (IQR) 69 (39) 87 (41) <0.001
Need of coecum resection, n (%) 23 (10) 28 (17) 0.070
Intraoperative findings, n (%)
Perforation 197 (87) 143 (84) 0.467
Necrosis or gangrene 27 (12) 43 (25) <0.001
BMI=body mass index; Perithyphilitic abscess 71 (31) 90 (53) <0.001
/S%()Sﬁefczrfe éﬁ:ﬁ; lf(\)lf;lelr;f:n AAST classification, n (%) <0.001
score; }\]VBC =white bloid cell, I 141 (62) 6337
CRP =C-reactive protein v 71 (31) 84 (49)
*incomplete data: BMI: n=293; v 14(6) 23(14)
ASA: n=1365 Malignancy, n (%) 73) 503) 1.000

intravenous antibiotics for complex appendicitis was non-
inferior to 5 days in terms of infectious complications
and mortality within 90 days [27]. Liu et al. showed also
comparable rates of infectious complications in pediatric
patients by comparing 350 patients receiving a fixed 3-days
intravenous antibiotic regimen with 336 patients with a
prolonged intravenous antibiotic therapy of minimum of 5
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days (completed by further oral antibiotic intake for at all 10
days) [28]. In the randomized controlled trial of Saar et al. a
24-hour intravenous antibiotic regimen was compared to an
extended antibiotic treatment based on clinical signs. Both
patients groups showed with approximately 20% a similar
rate of infectious complications. However, the validity of
this trial may be limited due to a small sample size (n=_80)
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Table 2 Postoperative outcome AB<3 AB>4 p-value
(n=226) (n=170)
Morbidity 21(9) 45 (26) <0.001
Clavien Dindo <0.001
I 6(3) 14 (8)
1I 3(1) 9(5)
I 73) 18 (11)
v 3(1) 4(2)
V (Mortality) 2(1) 0(0)
Wound infection 6(3) 11 (6) 0.080
Intraabdominal abscess 4(2) 503) 0.507
Paralysis/ileus 1(0) 4(2) 0.169
Re-surgery 3 () 11 (6) 0.011
Length of postoperative hospital stay 4(2) 6(4) <0.001
Readmission (within 90 days) 8 (4) 10 (6) 0.332
Table 3 Uni- and multivariate analysis of risk factors for intraadominal abscess
Univariate Multivariate
p-value OR CI p-value
Age (high vs. low)* 0.327 - - -
Gender (female vs. male) 0.737 - - -
BMI (high vs. low)* 1.000 - - -
ASA (/T vs. III/IV) 1.000 - - -
Active smoking (yes vs. no) 0.394 - - -
Diabetes (yes vs. no) 0.168 - - -
Preoperative WBC count (high vs. low)* 0.171 - - -
Preoperative CRP (high vs. low)* 0.175 - - -
Preoperative hemoglobin (high vs. low)* 0.724 - - -
Preoperative creatinine (high vs. low)* 0.725 - - -
App. diameter (high vs. low)* 0.578 - - -
Intraabdominal fluid in radiological diagnostic (yes vs. no) 0.067 - - -
Appendicolith (yes vs. no) 1.000 - - -
Time to appendectomy (<6 h vs. > 6 h) 0.740 - - -
Time of appendectomy (daytime vs. nighttime) 1.000 - - -
Surgical experience (resident vs. specialist) 0.710 - - -
Conversion (yes vs. no) 1.000 - - -
Coecum resection (yes vs. no) 0.019 5.5 1.4-21.5 0.014
Operative time (high vs. low)* 0.335 - - -
Intraoperative perforation (yes vs. no) 1.000 - - -
Intraoperative necrosis or gangrene (yes vs. no) 0.371 - - -
Intraoperative perithyphilitic abscess (yes vs. no) 0.495 - - -
AAST classification (Il vs. IV vs. V) 0.466 - - -
Malignancy (yes vs. no) 1.000 - - -
Length of postoperative antibiotics (<3 days vs. > 4 days) 0.507 1.4 0.4-5.5 0.609

* Cut-offs for metric data=median

[29]. van Rossem et al. compared a 3-day course of postop-
erative anti-biotics to a 5-day course in 267 patients with
complicated appendicitis across two Dutch hospitals and
found no significant difference between the two groups in
terms of intraabdominal abscess or wound infection devel-
opment. Notably, a laparoscopic approach was identified as
a risk factor for intraabdominal abscess in univariate analy-
sis but not in multivariate analysis [ 17]. The second observa-
tional study, conducted by Cho et al., involved 496 patients

with complicated appendicitis and similarly demonstrated
that pro-longed postoperative antibiotic therapy does not
prevent intraabdominal abscess development. This study
emphasized the importance of intraoperative source control,
which was significantly associated with the occurrence of
an intraabdominal abscess [18]. Further studies as well as
a recent meta-analysis, which included the two aforemen-
tioned large observational studies along with five additional
studies (three of which were randomized controlled trials),
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Table 4 Multivariate analysis of risk factors for wound infection

Univariate Multivariate
p-value OR CI p-value
Age (high vs. low)* 0.005 2.6 0.6-10.7 0.187
Gender (female vs. male) 0.619 - - -
BMI (high vs. low)* 0.035 5.9 1.2-29.2 0.030
ASA (/L vs. III/IV) 0.014 1.6 0.4-7.1 0.546
Active smoking (yes vs. no) 0.542 - - -
Diabetes (yes vs. no) 0.009 1.0 0.2-6.0 0.996
Preoperative WBC count (high vs. low)* 1.000 - - -
Preoperative CRP (high vs. low)* 0.470 - - -
Preoperative hemoglobin (high vs. low)* 0.810 - - -
Preoperative creatinine (high vs. low)* 0.076 - - -
App. diameter (high vs. low)* 0.393 - - -
Intraabdominal fluid in radiological diagnostic (yes vs. no) 0.291 - - -
Appendicolith (yes vs. no) 1.000 - - -
Time to appendectomy (<6 h vs. > 6 h) 0.803 - - -
Time of appendectomy (daytime vs. nighttime) 0.616 - - -
Surgical experience (resident vs. specialist) 0.748 - - -
Conversion (yes vs. no) 0.015 5.2 1.4-20.0 0.016
Coecum resection (yes vs. no) 0.709 - - -
Operative time (high vs. low)* 0.468 - - -
Intraoperative perforation (yes vs. no) 0.147 - - -
Intraoperative necrosis or gangrene (yes vs. no) 0.559 - - -
Intraoperative perithyphilitic abscess (yes vs. no) 0.802 - - -
AAST classification (I vs. IV vs. V) 0.125 - - -
Malignancy (yes vs. no) 1.000 - - -
Length of postoperative antibiotics (<3 days vs. > 4 days) 0.080 1.3 0.4-5.0 0.659

* Cut-offs for metric data=median

also concluded that extended postoperative antibiotic use
may not be linked to a reduced risk of intraabdominal infec-
tion [20, 21, 29, 30]. However, the mentioned meta-analysis
acknowledged the limitation of results due to heterogene-
ity between studies and underpowered trials [20]. Thus, our
retrospective large cohort analysis may provide support for
previous evidence, even though it is not a randomized con-
trolled trial.

Especifically, the duration of postoperative antibiotic
therapy is a topic that complicates the comparability of
existing studies, as it varies significantly between stud-
ies. We chose a three-day cutoff for antibiotic therapy in
our analysis as it appears to be a rational limit for antibi-
otic treatment and is one of the most used cut-offs in the
literature. However, this cutoff is not set in stone and cannot
be considered definitive. As a subgroup analysis, we also
conducted our results using cutoffs of 0 versus 2-3 versus
> 3 postoperative days of antibiotics and obtained the same
results as well as the same risk factors. Even the group with
no postoperative antibiotic therapy showed no increased
risk for intraabdominal abscesses and wound infections.
However, the group of patients without postoperative anti-
biotics comprised only 66 patients, so the currently chosen
cutoff pro-vides more statistical power, thereby enhancing
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the validity of our findings regarding the preference for
short-term antibiotic therapy.

The importance of the optimal duration of postoperative
antibiotic therapy is underscored by the fact that prolonged
postoperative antibiotic therapy carries significant socio-
economic consequences. Several studies have shown that a
longer postoperative antibiotic therapy is associated with an
extended hospital stay, leading to a significant increase in
healthcare costs [21, 22]. Current studies suggest that oral
antibiotic therapy may be equivalent to intravenous therapy
for postoperative treatment of complicated appendicitis
[31]. Nevertheless, patients are typically kept hospitalized
for continuation of intravenous antibiotic therapy.

Our risk factor analysis for intraabdominal abscess iden-
tified the need for a coecum resection as an independent
risk factor, which is a new finding compared to previous
studies that did not investigate this parameter. However, the
need for a coecum resection typically indicates advanced
inflammation, which can reasonably explain the higher risk
of developing an intraabdominal infection. In the study by
van Rossem, the laparoscopic approach was identified as a
risk factor, which was not confirmed in our analysis, con-
sistent with other studies [17, 26, 32, 33]. We also did not
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investigate incomplete source control as a potential risk fac-
tor, as described by Cho et al. [18].

The incidence of wound infection after appendectomy
was independently associated with a higher BMI and the
need for conversion in our cohort. Both of these parameters
are known risk factors for superficial surgical site infections
following various abdominal surgeries, including appendec-
tomy [21]. Further risk factors mentioned in the literature
but not supported by our analysis include the open approach
and the presence of gangrenous appendicitis [34, 35].

There are several limitations to consider in the evalu-
ation of our data. First, the retrospective, single-center
design of this study may introduce some bias, although it
ensures a consistent surgical and antibiotic therapy for the
studied cohort. Second, the primary limitation arises from
the selection bias. The individually determined duration of
antibiotic therapy led to a situation in which patients with
more advanced appendicitis, although all cases were clas-
sified as complicated appendicitis, were included in the
groups with extended antibiotic regimens. This was because
the surgeon’s decision about the duration of postoperative
antibiotic therapy is significantly influenced by the pre- and
intraoperative findings. This is evident from the differ-
ences among the groups, such as higher pre-operative CRP
levels, a greater need for conversion and a higher rate of
intraoperative gangrene and perityphlitic abscess. However,
these variables were included in the risk factor analysis
and showed no significant association with intraabdominal
abscesses and wound infections. Moreover, patients who
suffer from complications during the first three postop-
erative days and received therefore an extended antibiotic
therapy were automatically grouped as extended antibiotic
users. This is reflected in the higher rate of postoperative
complications and re-surgeries in this group, which could
introduce bias into our results. Third, the number of wound
infections may be underestimated since such complications
are often treated in the outpatient clinic.

Conclusion

Our data suggest that an extended postoperative antibiotic
therapy may not be associated with a reduced risk for the
occurrence of an intraabdominal abscess or wound infec-
tions. Therefore, short-term antibiotic treatment after
appendectomy for complicated appendicitis should be pre-
ferred. Patients with the need of a coecum resection or con-
version to an open procedure as well as a BMI above 25 kg/
m? are more likely to suffer from infectious complications
and should receive special attention during postoperative
course.
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