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Abstract
Background: Surgical site infections (SSI) are seen in up to
5% of patients after appendectomy for acute appendicitis.
SSI are associated with prolonged hospital stay and increased costs. The aim of this multicenter study was to identify factors associated with SSI after appendectomy for acute
appendicitis. Methods: Patients who underwent appendectomy for acute appendicitis between June 2014 and
January 2015 in 6 teaching hospitals in the southwest of the
Netherlands were included. Patient, diagnostic, intra-operative and disease-related factors were collected from the patients’ charts. Primary outcome was surgical site infection.
Multivariable logistic regression was performed to identify
independent risk factors for SSI. Results: Some 637 patients were included. Forty-two patients developed a SSI. In
univariable analysis body temperature >38°C, CRP>65 and
complex appendicitis were associated with SSI. After multivariable logistic regression with stepwise backwards elimination, complex appendicitis was significantly associated
with SSI (OR 4.09; 95% CI 2.04–8.20). Appendiceal stump closure with a stapler device was inversely correlated with SSI
(OR 0.40; 95% CI 0.24–0.97) Conclusions: Complex appendi-
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citis is a risk factor for SSI and warrants close monitoring
postoperatively. The use of a stapler device for appendiceal
stump closure is associated with a reduced risk of SSI.
© 2016 The Author(s)
Published by S. Karger AG, Basel

Introduction

Appendicitis is a common intra-abdominal inflammatory condition. Annually, some 16,000 patients undergo
appendectomy in the Netherlands [1]. Acute appendicitis
can be divided into 2 subgroups: simple or complex appendicitis. A complex appendicitis is often defined as a
gangrenous appendicitis, perforated appendix with or
without phlegmon or abscess [2, 3]. Current guidelines
recommend appendectomy for acute appendicitis, although antibiotics as a first-line treatment for a simple
appendicitis may be effective in a majority subset of patients [4].
Although acute appendicitis has a very low mortality
rate, surgical site infections (SSI), including superficial
SSI (SSSI) and organ space infections (OSI), are the most
common complications with an incidence of 2.5–5.4 and
1.3–3.0%, respectively [5–9]. These complications may
require re-interventions and are associated with a prolonged hospital stay and increased costs [10].
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Several studies have investigated factors that are associated with SSI in acute appendicitis including preoperative C-reactive protein (CRP) level, timing of appendectomy, technique of appendiceal stump closure, operative
approach (laparoscopic versus open), duration of the operation, complex versus simple appendicitis, body temperature, American Society of Anesthesiology (ASA)classification, age, body mass index (BMI) and gender [9,
11–16]. Most studies however are single center and have
strict inclusion and exclusion criteria.
The aim of this study was to identify risk factors for SSI
in a large consecutive cohort of patients, including adults
and children, who underwent appendectomy in the
Southwest of the Netherlands.
Methods
Patients who underwent appendectomy from June 2014
through January 2015 in 6 teaching hospitals in the Southwest of
the Netherlands (1 academic center, 5 teaching hospitals) were
selected from the hospital administration databases. Inclusion criteria were patients who had appendectomy for an acute appendicitis including simple and complex appendicitis. Exclusion criteria were patients who underwent appendectomy à froid (appendectomy after resolution of the acute inflammation) or
appendectomy for another reason (e.g. chronic appendicitis or
carcinoma).
Ultrasonography and/or CT was used in most patients as a diagnostic modality for patients with clinical signs of appendicitis
according to the Dutch guidelines [1]. All patients were given antibiotic prophylaxis before surgery according to the local hospital
guidelines with the vast majority of patients receiving Cefazolin
(Kefzol®) 1 gram and Metronidazol (Flagyl®) 1,500 mg intravenously within 30 min before skin incision. Operative approach depended on the preference of the attending surgeon. Open appendectomy was performed through an oblique incision in the right
lower quadrant of the abdomen (Gridiron’s or McBurney’s incision). Most patients with a complex appendicitis were given postoperative antibiotics according to the guidelines [1]. In this study,
complex appendicitis was defined as gangrenous or perforated appendicitis and/or the presence of purulent peritonitis based on the
operation notes. The duration of the use of antibiotics varied
among the institutions. Often, a regimen of intravenous broadspectrum antibiotics for 3 or 5 days was defined by the local guidelines on the treatment of secondary peritonitis and to reduce postoperative complications.
Data were extracted from patient charts, operative reports and
pathology reports and entered in a database. Preoperative and intraoperative data included gender, patient age, white blood cell
count (WBC) and CRP at time of admission, ASA-classification,
duration of symptoms, body temperature, time from admission to
operation, estimated time between onset of symptoms and operation, duration of the operation, operative approach (laparoscopic
or open appendectomy), technique of appendiceal stump closure,
severity of appendicitis (complex or simple) and in case of a complex appendicitis the duration of postoperative antibiotics. For the
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purpose of the study, laparoscopic operations that had to be converted to open were classified as open appendectomy. The study
population was divided into 2 groups based on the development of
an SSI within 30 days of the operation. SSI was defined according
to the CDC definitions [17]. These included OSI and SSSI.
Statistical Analysis
Continuous data were tested for normality using the Shapiro–
Wilk test. Normally, distributed data were analyzed using independent t test and presented as mean numbers and SD. For nonnormal data, the Mann–Whitney U test was used. Numbers were
presented using the median and interquartile range (IQR). Chisquare test or Fisher’s exact test were performed on categorical
data.
Continuous data were dichotomized using clinically relevant
cut-off points or based on previous publications [11, 12, 14]. After
univariable analysis, factors with a p value of <0.30 were selected
for multivariable analysis and entered in a logistic regression model. Using stepwise backward elimination, the best model was selected. At each step, the factor with the highest p value was removed until all factors had a p value smaller than <0.20. The Hosmer–Lemeshow test was reported for the model. All statistical
analysis was performed using SPSS® version 23.0 (IBM, Armonk,
N.Y., USA).

Results

A total number of 637 patients were included. Patient
characteristics are shown in table 1. Male patients represented 54.3% of the study group. The median (IQR) age
was 31 (18–46) years. Laparoscopic appendectomy was
performed in 78.9% (n = 502) of the patients. Ten operations that commenced laparoscopically were converted to
an open procedure (2%). In 8 cases, the laparoscopic procedure could not be continued because of unclear anatomy. In 2 cases, an appendicular infiltrate made it impossible to safely continue with the laparoscopy. Thirty five
percent (n = 225) of the patients had complex appendicitis of which 110 patients had a perforated appendix.
Some 6.6% (n = 42) of the patients developed an SSI.
OSI was seen in 29 patients (4.6%) and SSSI in 14 patients
(2.2%). Patients with an SSI had a significantly higher median CRP level at the time of admission compared to patients with no SSI (60 vs. 30 mg/l, p = 0.004). Also, the
mean body temperature at time of admission was higher
(37.9 vs. 37.3 ° C, p < 0.001). The length of the operation
and time between hospital admission and surgery were
not significantly different. The mean time between onset
of symptoms and surgery in days was 2.2 and 1.8 days,
respectively for patients with SSI versus no SSI (p = 0.051).
The prevalence of complex appendicitis was significantly
higher in the SSI group (66.7 vs. 33.1%, p < 0.001). Eighty
five percent (n = 192) of the patients with complex apGiesen/van den Boom/van Rossem/
den Hoed/Wijnhoven

Table 1. Patient characteristics according to SSI

Total (n = 637) SSI (n = 42)
Gender, male, n (%)
Age, years, median (IQR)
ASA, n (%)
I
II
III
Duration of symptoms in days, median (IQR)
Body temperature at presentation, mean ± SD
Fever temperature >38°C, n (%)
WBC count, 109/l, mean ± SD*
WBC count >16,000, n (%)
CRP, mg/l, median (IQR)
CRP >65, n (%)
Time from admission to operation, h, median (IQR)
Time from admission to operation >6 h, n (%)
Time between start of symptoms and operation, days, median (IQR)
Laparoscopic approach, n (%)
Complex appendicitis, n (%)
Perforated, n (%)
Gangrenous, n (%)
Purulent peritonitis, n (%)
Stump closure with stapler device, n (%)
Total operation time, min, median (IQR)
Length of operation >60 min, n (%)
Complex appendicitis on final pathology
Length of stay, days, median (IQR)

No SSI (n = 595)

p value

346 (54.3)
31 (18–46)

323 (54.3)
30 (13–51)

23 (54.8)
31 (18–46)

0.952
0.867

463 (72.9)
150 (23.6)
22 (3.5)
1 (1–2)
37.4±0.8
134 (21.5)
14.4±5
210 (33)
31 (11–72)
181 (28.4)
7 (4–14)
364 (57.1)
1.8 (1.3–2.5)
502 (78.9)
225 (35.3)
110 (17.3)
72 (11.3)
148 (23.2)
268 (42.1)
39 (31–51)
76 (11.9)
120 (18.8)
2 (2–4)

27 (64.3)
15 (35.7)
0
2 (1–3)
37.9±1
17 (40.5)
16.5±5.8
19 (45.2)
60 (23–114)
19 (45.2)
7 (4–13)
23 (54.8)
2.2 (1.4–3.3)
31 (73.8)
28 (66.7)
20 (47.6)
6 (14.3)
21 (50)
13 (31)
43 (33–56)
68 (11.4)
19 (45.2)
4 (3–7)

436 (73.5)
135 (22.8)
22 (3.7)
1 (1–2)
37.3±0.8
125 (20.1)
14.2±4.9
191 (32.1)
30 (11–70)
162 (27.2)
7 (4–1)
341 (57.3)
1.8 (1.3–2.5)
471 (79.3)
197 (33.1)
90 (15.1)
66 (11.1)
127 (21.3)
255 (42.9)
39 (31–51)
8 (19)
101 (17)
2 (2–4)

0.206
0.055
0.388*
0.024
<0.001
0.002
0.004
0.080
0.004
0.012
0.729
0.747
0.051
0.400
<0.001
<0.001
0.528*
<0.001
0.131
0.309
0.141
<0.001
<0.001

* Fisher’s exact test.

Table 2. Logistic regression analysis results

CRP >65
WBC >16,000/μl
Complex appendicitis
Fever (temperature >38°C)
Stapler device (vs. endoloops)
Total operation time >60 min
Time to operating room >6 h
Laparoscopic vs. open
ASA II + III vs. ASA I

Univariable analysis,
OR (95% CI)

p value

Multivariable analysis,
OR (95% CI)*

2.28 (1.21–4.30)
1.75 (0.93–3.30)
4.04 (2.08–7.85)
2.70 (1.41–5.16)
0.60 (0.31–1.17)
1.82 (0.81–4.10)
0.90 (0.48–1.69)
0.74 (0.36–1.52)
1.55 (0.80–2.99)

0.011
0.083
<0.001
0.003
0.085
0.146
0.747
0.414
0.191

–
–
4.09 (2.04–8.20)
1.94 (0.99–3.80)
0.40 (0.24–0.97)
–
–
–
–

p value

<0.001
0.054
0.040

* Hosmer–Lemeshow goodness of fit (p = 0.763).

pendicitis received postoperative antibiotics. The median
(IQR) duration was 5 (3–5) days. In subgroup analysis, no
difference was seen in the number of SSI between patients
receiving a 3 or 5-day antibiotic regimen (7 of 43 vs. 14 of
82, p = 0.796). Nine factors were selected and entered in

a multivariable logistic regression model (table 2). Complex appendicitis (OR 4.09; 95% CI 2.04–8.20) was independently associated with the development of SSI. The
use of a stapler device was inversely related to SSI (OR
0.40; 95% CI 0.24–0.97).
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Discussion

This study shows that SSI occur in 6.6% of patients after appendectomy for appendicitis. A complex appendicitis is the main risk factor for the development of SSI (OR
4.09; 95% CI 2.04–8.20). This finding is supported by the
literature. Kelly et al. [13] demonstrated that complex appendicitis is a risk factor for SSI in children undergoing
appendectomy (OR 4.85; 95% CI 3.06–7.71) [13, 16].
Other studies also show higher rates of SSI in complex
appendicitis compared to simple appendicitis [5, 12]. The
overall rate of SSI (6.6%) in this study is consistent with
the literature. The rate of OSI in this study, however, is
4.6%, which is higher than that reported by others (1.6–
3.1%) [5, 8, 9]. The relative high number of patients with
complex appendicitis in our study could explain this.
Some 225 patients (35.3%) had a complex appendicitis.
Other studies report slightly lower rates (23–30%) [5, 8,
18].
The intraoperative diagnosis served as the reference
for the diagnosis of complex appendicitis. It can be questioned if the final pathology report is more objective than
the intraoperative diagnosis. Only half (53.5%) of the
gangrenous or perforated appendices were confirmed by
pathology. A recent paper by Farach et al. [19] shows that
the correlation between clinical and pathological assessment is low and operative findings are a better predictor
of the clinical course.
An interesting finding is the reduced risk of SSI when
a stapler device is used for appendiceal stump closure (OR
0.47; 95% CI 0.23–0.96). A large study by Beldi et al. [15]
also showed lower rates of SSI in patients with non-perforated appendicitis. The cost of a stapler device is much
higher than the cost of 2- or 3 endoloops. Nonetheless, a
reduction in SSI when using a stapler device may be more
cost effective than the use of endoloops when taking total
hospital costs (readmission, re-interventions) into account. However, clips were not used for stump closure in
this study. A recent meta-analysis shows clips might be
more cost-effective than endoloops [20]. Future prospective cost-effectiveness studies are needed to get more insight, but these studies likely need a large number of patients given the low rate of infectious complications after
appendectomy.
Interestingly, there were also some factors not associated with SSI despite earlier reports demonstrating an
increased risk for SSI. Time from admission to operation
of more than 6 h was not associated with the development of SSI in contrast to a large study by Teixeira et al.
[11]. In that study, however, no information regarding
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the duration of symptoms is reported. The time between
onset of symptoms and appendectomy might be more
relevant than the time from admission to surgery. We
combined the duration of symptoms with the time from
admission to operation, but no significant difference
could be found between the 2 groups (2.2 vs. 1.8 days, p =
0.051).
Higher preoperative levels of CRP and WBC counts
were present in the SSI group. These variables were removed from the multivariable model since no relation
with SSI was demonstrated. An explanation could be that
patients with complex appendicitis have higher inflammatory parameters as a result of peritonitis and there is
an interaction between these 2 factors [21]. Shimizu et al.
[14] showed that CRP levels higher than 65 is a risk factor
for the development of an SSI. A closer look at this study
reveals a much higher rate of SSI (16.3%). It should also
be noted that the multivariable logistic regression model
included 14 variables, while only 49 events occurred; this
could lead to serious overfitting.
Limitations of our study should be mentioned as well.
The data were collected retrospectively and as a result, not
all variables of interest could be retrieved. It would have
been interesting to know the prevalence of diabetes mellitus and the patients’ BMI. On the other hand, among the
variables we collected, there were no missing values. Part
of the study period included a nationwide survey (snapshot study) on appendicitis and data were recorded prospectively [22]. Second, the number of patients included
limits the number of factors for multivariable analysis
and overfitting may have occurred (type I error). A type
II error may also be present, given the lack of association
between several factors and SSI as reported before in larger studies. The multicenter approach and study population however, contribute to the generalizability of the results. This cohort is a reflection of the population who
undergo appendectomy for acute appendicitis in the
Netherlands including patients seen in small, large and
academic hospitals.
Unfortunately, it is difficult to influence the outcome
after complex appendicitis and reduce the incidence of
SSI. There is increased awareness of a preoperative complex appendicitis by a risk score as recently published,
which may direct the operating team to adhere more
strictly to perioperative interventions to reduce the rate
of SSI [20]. Peritoneal lavage has not been proven effective [23, 24]. Preoperative antibiotic prophylaxis reduces the number of SSI but is already widely integrated [2,
25]. Perhaps more attention can be given to the timing
of the administration of antibiotic prophylaxis [26, 27].
Giesen/van den Boom/van Rossem/
den Hoed/Wijnhoven

It is recommended by the guidelines that antibiotic
should be continued postoperatively in patients with
complex appendicitis; however, increasing evidence
suggests that the benefit of systemic antimicrobial therapy is limited after adequate source control including

appendectomy [8, 22, 28]. The use of a stapler device
might reduce the incidence of SSI. However, a prospective study has to be performed to make recommendations regarding the most cost-effective and safest stump
closure technique.
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