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Abstract

Background: Acute appendicitis (AA) is the most common surgical disease, and appendectomy is the treatment
of choice in the majority of cases. A correct diagnosis is key for decreasing the negative appendectomy rate.
The management can become difficult in case of complicated appendicitis. The aim of this study is to describe
the worldwide clinical and diagnostic work-up and management of AA in surgical departments.

Methods: This prospective multicenter observational study was performed in 116 worldwide surgical departments
from 44 countries over a 6-month period (April 1, 2016–September 30, 2016). All consecutive patients admitted to
surgical departments with a clinical diagnosis of AA were included in the study.

Results: A total of 4282 patients were enrolled in the POSAW study, 1928 (45%) women and 2354 (55%) men, with
a median age of 29 years. Nine hundred and seven (21.2%) patients underwent an abdominal CT scan, 1856 (43.3%)
patients an US, and 285 (6.7%) patients both CT scan and US. A total of 4097 (95.7%) patients underwent surgery;
1809 (42.2%) underwent open appendectomy and 2215 (51.7%) had laparoscopic appendectomy. One hundred
eighty-five (4.3%) patients were managed conservatively. Major complications occurred in 199 patients (4.6%). The
overall mortality rate was 0.28%.

Conclusions: The results of the present study confirm the clinical value of imaging techniques and prognostic
scores. Appendectomy remains the most effective treatment of acute appendicitis. Mortality rate is low.

Keywords: Acute appendicitis, Diagnosis, Management, Surgery, Antibiotics

Background
Acute appendicitis (AA) is the most common surgical
disease with a lifetime risk of 7–8% [1]. Traditionally,
appendectomy has been the treatment of choice for
acute appendicitis. Mortality rate after appendectomy is
very low and may range from 0.07 to 0.7% rising to 0.5
to 2.4% in patients without and with perforation [2, 3].
Furthermore, overall postoperative complication rates
ranged between 10 and 19% for uncomplicated AA and
reaching 30% in cases of complicated AA.
Improving the diagnostic pathway is the cornerstone

for decreasing the negative appendectomy rate and the
risk of wrong diagnosis. Before the wide spread use of
CT scans, the diagnosis of acute appendicitis was mainly
based on symptoms, signs, and laboratory data.
Several diagnostic scoring systems for acute appendi-

citis have been described. The most commonly used are
the Alvarado score and AIR—Appendicitis Inflammatory
Response (Andersson) score [4, 5]. Both of these scoring
systems can increase the diagnostic accuracy, thus guid-
ing the decision-making and decreasing the need of po-
tentially harmful and expensive imaging. In view of the
potentially higher morbidity associated with open ap-
pendectomy, several authors have proposed less invasive
management. Although many controversies exist regard-
ing non-operative management of AA, antibiotics play
an important role in the treatment of patients with AA
as demonstrated by several prospective trials and meta-
analyses [6–14]. AA successfully treated with antibiotics
remains a potential cause of recurrent appendicitis.
Postoperative wound infections and post-appendectomy
adhesional bowel obstruction occurring many decades
after the index surgery are commonly described sequalae

of appendectomies. Therefore, the comparison of sur-
gery and antibiotic therapy still represent a challenging
and debated issue.
The effort to distinguish non-complicated from compli-

cated appendicitis is paramount in ensuring appropriate
patient management. Utilizing a CT scan to diagnose
cases of suspected AA has been demonstrated, it has high
sensitivity (0.99) and specificity (0.95) [15–17]. However,
even a CT scan struggles to differentiate between uncom-
plicated and complicated appendicitis [18, 19].
In the last decade, the laparoscopic approach has over-

taken open surgery for most surgeons worldwide in the
treatment of both simple and complicated AA. However,
it is not yet unanimously considered the “gold standard”
in the management of AA because of its higher opera-
tive time, increased intra-abdominal abscess risk, and
higher costs compared to open appendectomy. Several
meta-analyses of prospective randomized trials were per-
formed in an attempt to define the role of laparoscopic
appendectomy [20–25]. Literature reports that 2 to 7%
of appendicitis tend to present with complex features such
as a phlegmon or peri-appendicular abscess [26, 27].
Various published papers suggest treating such patients
conservatively, by such methods as ultrasound-guided
percutaneous drainage and antibiotic therapy, followed by
delayed interval appendectomy [28–31]. The role of ap-
pendectomy after successful drainage and resolution of
clinical symptoms is even more controversial than percu-
taneous drainage. The recommendation for interval ap-
pendectomy is based on the risk of recurrence and risk of
missing an underlying malignancy [32]. However, the re-
currence rate has been reported by several studies to be
around 7%, reassuringly low; thus, according to some
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authors, after successful conservative treatment, an inter-
val appendectomy may not be always necessary [32–37].
Recently, a new AA grading system has been proposed

by the World Society of Emergency Surgery (WSES).
This new grading system is based on clinical presenta-
tion, imaging, and surgical findings and aims to provide
a standardized classification system based on a uniform
patient stratification. The new scoring system intends to
aid in determining the optimal post-appendectomy man-
agement according to the grade of severity and ultim-
ately contribute to clinical research in appendicitis [38].
Herein we report the results of a prospective observa-

tional multicenter worldwide study on AA conducted on
behalf of the WSES. To the best of our knowledge, this
is the first large-scale observational study on AA per-
formed in institutions from different countries.

Methods
Aim
The primary aim of the POSAW study is to describe the
clinical, diagnostic, treatment, and pathological profile of
patients with AA in surgical departments of worldwide
hospitals.

Study design
This prospective multicenter observational study was
performed in 116 worldwide surgical departments
from 44 countries over a 6-month period (April 1,
2016—September 30, 2016). All consecutive patients
admitted to surgical departments with clinical diagno-
sis of AA were included in the study. Patient demo-
graphics included the following: age, sex, previous
episodes of suspected appendicitis, comorbidities
(immunosuppression, severe cardiovascular disease,
Charlson Comorbidity Index (CCI)) [39], previous
antimicrobial therapy, clinical data (axillary
temperature, diffuse tenderness, right lower quadrant
pain, right lower quadrant tenderness, vomiting) and
laboratory findings at admission (white blood count
(WBC) and C-reactive protein (CRP)), radiological diag-
nosis (ultrasound (US) and computer tomography (CT)
findings), Alvarado Score, Andersson’s Score [4, 5], type of
surgical treatment and adequate source control, WSES
Grading System [38], type and duration of antimicrobial
therapy, collection of peritoneal swab, microorganisms
isolated, admission to intensive care unit (ICU), duration
of hospitalization, re-operation, management of postoper-
ative complications at days 7 and 30, Clavien-Dindo Score
[40], histopathological findings, and mortality. All patients
were monitored until they were discharged or transferred
to another ward. The center coordinator of each partici-
pating medical institution collected and compiled clinical
data in an online case report database. Differences in local
surgical practice of each center were respected, and no

changes were impinged on local management strategies.
Each center followed its own ethical standards and local
rules. The study was monitored by a coordinating center,
which processed and verified any missing or unclear data
submitted to the central database. The study did not at-
tempt to change or modify the clinical practice of the par-
ticipating physicians: neither informed consent nor formal
approval by a local ethics committee was required because
of the purely observational nature of the study. The data
was completely anonymized, and no patient or hospital in-
formation was collected in the website. The study protocol
was approved by the board of the WSES, and the study
was conducted under its supervision. The board of the
WSES grants the proper ethical conduct of the study.

Inclusion criteria
All patients with suspected clinical diagnosis of AA con-
firmed by imaging and seen by a surgeon were included
in the study.

Statistical analysis
Data were analyzed in absolute frequency and percent-
age, in the case of qualitative variables. Quantitative vari-
ables were analyzed as medians and interquartile range
(IQR). Univariate analyses were performed to study the
association between risk factors and in-hospital mortality
using a chi-square test, or a Fisher’s exact test, if the ex-
pected value of a cell was < 5. All tests were two-sided,
and p values of 0.05 were considered statistically signifi-
cant. To investigate factors associated with death, we
constructed a logistic regression model, including vari-
ables with p < 0.05 in the univariate analysis. All statis-
tical analyses were performed using Stata 11 software
package (StataCorp, College Station, TX, USA).

Results
Patients and diagnosis
A total of 4282 patients were enrolled in the POSAW
study. They included 1928 (45%) women and 2354 (55%)
men, with a median age of 29 years (IQR, 21–44). 427
(10%) patients had previous episodes of AA. Seventy-one
(1.7%) patients were immunosuppressed, and 154 (3.6%)
patients suffered from severe cardiovascular disease.
Three thousand six hundred seventy (85.7%) patients
had no comorbidities (CCI = 0), 589 (13.8%) patients
had a CCI between 1 and 5, and in 23 (0.5%), the CCI
was greater than 5. 327 (7.6%) where patients received
an antimicrobial therapy in the previous 30 days. Clinical
and laboratory findings are reported in Table 1.
Nine hundred and seven (21.2%) patients underwent

abdominal CT scan, 1856 (43.3%) patients had an US,
285 (6.7%) patients both CT scan and US, and 1234 (28.
8%) patient did not undergo any radiological investiga-
tion during hospitalization. Three thousand eight
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hundred fifty-seven (90.1%) patients had their Alvarado
Score recorded, with a median value of 7 (IQR, 6–8).
The Alvarado score was ≤ 4 in 460 (11.9%) patients, be-
tween 5 and 6 in 1067 (27.7%) patients, between 7 and
8 in 1614 (41.8%) patients, and between 9 and 10 in
716 (18.6%) patients. Three thousand seven hundred
fifty-one (87.6%) patients had their Andersson’s Score
recorded, with a median value of 6 (IQR, 5–8). In 709
(18.9%) patients, the Andersson’s score was ≤ 4, be-
tween 5 and 8 in 2423 (64.6%) patients, and between 9
and 12 in 619 (16.5%) patients. The Alvarado Score was
≥ 5 in 3132 (89.8%) cases of AA confirmed by patho-
logic exam (RR = 1.11, 1.07–1.15 CI 95%, p < 0.001),
while Andersson’s Score was ≥ 5 in 2736 (83.4%) cases
of AA confirmed by histopathology (RR = 1.11, 1.07–1.
14 CI 95%, p < 0.001).

Management
In 3764 (87.9%) patients, WSES Grading System was re-
corded. One hundred forty-five (3.8%) patients had grade
0, while 1896 (50.4%) had grade 1, 632 (16.8%) grade 2a,
129 (3.4%) grade 2b, 332 (8.8%) grade 3a, 181 (4.8%) grade
3b, 73 (1.9%) grade 3c, and 376 (10.0%) grade 4.
A total of 4097 (95.7%) patients underwent surgery, of

which 1809 (42.2%) underwent open appendectomy and
2215 (51.7%) laparoscopic appendectomy, 19 (0.5%) had
open lavage and drainage, 4 (0.1%) had laparoscopic lavage
and drainage, 29 (0.7%) had an open ileocaecal resection,
3 (0.1%) had laparoscopic ileocaecal resection, 10 (0.2%)
underwent percutaneous drainage, and 8 (0.2%) had other
surgical procedures. One hundred eighty-five (4.3%) pa-
tients did not undergo any surgical intervention, 48 of
these patients had uncomplicated appendicitis.
A total of 3463 (80.9%) patients received antibiotics dur-

ing the hospitalization, which was monotherapy in the
case of 1335 (38.6%) patients (Table 2). The median dur-
ation of the antimicrobial therapy was 4 days (IQR, 2–7).

Among the 3463 patients who received antibiotics, 583
patients received them as antibiotic prophylaxis.
Intraperitoneal microbiological swab was collected from

803 patients (803/4097, 19.6%) who underwent surgical
intervention, resulting in 275 (34.2%) positive cultures.
The aerobic and anaerobic bacteria identified in samples
of peritoneal fluid are reported in Table 3. Additionally,
four Candida albicans isolates were also identified.

Table 1 Clinical and laboratory findings

Clinical and laboratory findings Patients
N = 4282 (100%)

Diffuse tenderness 502 (11.7%)

Right lower quadrant pain 3906 (91.2%)

Right lower quadrant tenderness 2980 (69.6%)

Vomiting 1798 (42.0%)

Temperature > 38 °C 1057 (24.7%)

WBC > 10,000/ml 3494 (81.6%)

CRP < 10 mg/l 848 (19.8%)

CRP 10–50 mg/l 1097 (25.6%)

CRP > 50 mg/l 876 (20.5%)

CRP not reported 1461 (34.1%)

WBC white blood count, CRP C-reactive protein

Table 2 Antimicrobial therapy administered during
hospitalization in 3463 patients

Patients receiving antibiotics N = 3463 (%)

Metronidazole or ornidazole 2021 (58.2%)

Third-generation cephalosporins 1280 (37.0%)

Second-generation cephalosporins 598 (17.2%)

Penicillins + beta lactams-inhibitors 500 (14.4%)

First-generation cephalosporins 437 (12.6%)

Second-generation quinolones 304 (8.8%)

Aminoglycosides 289 (8.3%)

Ureidopenicillins + beta lactams-inhibitors 130 (3.7%)

Aminopenicillins 61 (1.8%)

Carbapenems 58 (1.7%)

Third-generation cephalosporins + beta lactams-inhibitors 52 (1.5%)

Third-generation quinolones 18 (0.5%)

Fourth-generation cephalosporins 12 (0.3%)

Others 15 (0.4%)

n number of patients receiving antibiotic treatment

Table 3 Aerobic and anaerobic bacteria identified in 275 swabs
of peritoneal fluid

Total N = 275

Aerobic gram-negative bacteria

Escherichia coli 159 (57.8%)

Klebsiella pneumoniae 19 (6.9%)

Klebsiella oxytoca 4 (1.5%)

Enterobacter spp. 5 (1.8%)

Proteus spp. 1 (0.4%)

Pseudomonas aeruginosa 5 (1.8%)

Aerobic gram-positive bacteria

Enterococcus faecalis 42 (15.3%)

Streptococci spp. 24 (8.7%)

Enterococcus faecium 11 (4.0%)

Staphylococcus aureus 6 (2.2%)

Others 7 (2.5%)

Anaerobic bacteria

Bacteroides spp. 105 (38.2%)

Clostridium spp. 4 (1.5%)

n number of specimens collected
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Outcome
The median length of hospital stay was 3 days (IQR, 2–5).
One hundred and seventy-two patients (4%) had a 1-day
hospital stay.
In the early postoperative phase, 184 (184/4097, 2.5%)

patients were admitted to the ICU. Fifty-four (54/4097, 1.
3%) patients underwent re-laparotomy. A total of 3631
(3631/4097, 88.6%) appendixes were analyzed by histopath-
ology, with the following reports: 144 (4%) were normal
appendixes, 236 (6.5%) showed evidence of periappendici-
tis, 1147 (31.6%) of inflammation, 1176 (32.4%) were sup-
purative appendixes, 255 (7.0%) showed evidence of
perforation, and 673 (18.5%) were gangrenous appendixes.
A total of 3117 (3117/4097, 76.1%) patients were

monitored for complications at 7 days after the inter-
vention. Major complications (Clavien-Dindo III–IV)
[41] occurred in 199 patients (4.6%). A total of 287 pa-
tients (287/3117, 9.2%) developed complications at
7 days. Among these patients with complication, there
were 60 with intra-abdominal abscesses (1.9%), 194
surgical site infections (6.2%), 6 paralytic ileus (0.2%), 6
seromas (0.2%), 9 other abdominal complications (0.3%),
and 12 other medical complications (0.4%). A total of
2667 (2667/4097, 65.1%) patients were monitored for
complication at 30 days after the intervention, and among
them, 88 (88/2667, 3.3%) developed a complication. The
complications occurred by 30 days were intra-abdominal
abscesses (1.3%) in 35 cases, surgical site infections (1.9%)
in 51 cases, paralytic ileus (0.1%) in 2 cases, other abdom-
inal complications (0.2%) developed in 6 cases, and other
medical complications (0.2%) in 5 cases. The overall mor-
tality rate was 0.28%. The distribution of predictive vari-
ables of in-hospital mortality registered at univariate
analysis is reported in Table 4. Independent variables asso-
ciated with mortality according to the multinomial logistic
regression are reported in Table 5.

Discussion
AA is one of the most commonly occurring clinical chal-
lenges for emergency surgeons, because of its diagnostic
work-up. The clinical presentation of AA may vary
widely from mild symptoms, like moderate abdominal
pain or fever, to most severe scenarios, such as diffuse
peritonitis and sepsis [42]. The most frequent clinical
symptom is right lower quadrant abdominal pain. If
fever with chills is present, systemic involvement should
be suspected. However, these symptoms are not specific
for AA, since they can be present in other septic condi-
tions, like infectious gastrointestinal disorders or genito-
urinary tract disorders in young female patients [41].
The median age of 29 years demonstrates the prevalence
of this disease in young population. Our data showed
that right lower quadrant pain and tenderness were the
most frequently reported symptoms (91.2 and 69.6%),

followed by vomiting, fever, and diffuse tenderness
(42, 24.7, and 11.7%, respectively). Laboratory findings
showed a high prevalence of white blood count
(WBC) > 10,000 cells/ml (80.2%) and C-reactive pro-
tein (CRP) > 10 mg/L in 46.1% of cases. As reported
in various studies, WBC and CRP are the most sig-
nificant laboratory markers to be considered in case
of AA. A WBC cut-off > 10,000/ml has a range of
sensitivity between 65 and 85% and specificity be-
tween 32 and 82%, and CRP values > 10 mg/L have a
range of sensitivity between 65 and 85% and specifi-
city between 59 and 73% [43].
Imaging plays a cardinal role in the diagnosis of AA.

Reliable imaging in patients with clinical suspicion of ap-
pendicitis results in reducing the rate of negative ap-
pendectomy by almost 15%. The most commonly used
imaging techniques are ultrasonography (US), computed
tomography (CT), and magnetic resonance imaging
(MRI) [43]. In our study, about one third (28.8%) of pa-
tients did not undergo any radiological examination,
whereas the majority (43.3%) underwent US and only
21.2% had a CT scan. The data demonstrates that often
an accurate clinical examination supported by laboratory
findings can help the surgeon to manage AA. However,
in some cases, a radiological confirmation of the clinical
suspicion is paramount, and when US is not sufficient
for definitive diagnosis or there is no availability of US-
specialized radiologists (i.e., during night-time in some
hospitals), a CT scan would be the ideal option, with a
sensitivity of 98.5% and a specificity of 98% [44, 45].
Different prognostic scores have been proposed for the

clinical evaluation of AA. Alvarado and Appendicitis In-
flammatory Responses (AIR; also called Andersson’s
score) scores are the most commonly used and validated,
being the result of a combination of clinical and bio-
chemical variables with a significant predicting value [4].
Alvarado score has a sensitivity and specificity of 99 and
43% to rule out the diagnosis of AA when < 5 and a sen-
sitivity of 82% and specificity of 81% if < 7. Andersson’s
score has a sensitivity of 96% to rule out AA when < 4 and
a specificity of 99% to diagnose appendicitis when > 8
[46]. In our study, Alvarado and Andersson’s scores were
recorded in 90.1 and 87.6% of cases, respectively. The
Alvarado Score was ≥5 in 3132 (89.8%) cases of AA
confirmed by pathologic exam (RR = 1.11, 1.07–1.15 CI
95%, p < 0.001), while Andersson’s Score was ≥ 5 in
2736 (83.4%) cases of AA confirmed by pathologic
exam (RR = 1.11, 1.07–1.14 CI 95%, p < 0.001).
The WSES grading score [38] was extensively used

(87.9%), and about half of the patients were grade 1. In
this case, the appendix is inflamed and this is probably
the most common situation for an emergency surgeon.
WSES grade 1 is also a specific condition where, if the
appendix has hyperemia, edema, and fibrin exudates, a
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significant plasma exudation into the abdominal cavity
may occur, with 10% risk of presence of gram-negative
bacteria [47]. Therefore, grade 1 appendicitis can some-
times be at risk of developing post-operative peritonitis
or abscesses and this risk should be considered, since it
is the most common situation recorded in our study.
Another important result is the low incidence of WSES
grade 0 cases (3.8%), which in the daily practice repre-
sents the absence of pathological findings in the appen-
dix. These cases represent the so called “normal-looking
appendix” [46]. Such results correlate well with the path-
ology report of 4% of normal appendixes.
The vast majority of patients in our study underwent

surgery (95.7%). More than half the cases were per-
formed laparoscopically (51.7%), 42.2% had open ap-
pendectomy, and only 4.3% patients did not receive any
surgical treatment. Despite there being several reports in

Table 4 Distribution of predictive variables and mortality at univariate analysis

Variables Patients
N = 4282 (%)

Dead
N = 12 (%)

Survivors
N = 4270 (%)

RR (CI 95%) p value

Age > 80 years 52 (1.2) 2 (16.7) 50 (1.2) 14.23 (3.90–51.96) < 0.05

Immunosuppression 71 (1.7) 3 (25.0) 68 (1.6) 15.70 (5.73–43.01) < 0.001

Severe cardiovascular disease 154 (3.6) 3 (25.0) 151 (3.5) 7.07 (2.62–19.07) < 0.05

Charlson Comorbidity Score > 5 23 (0.5) 4 (33.3) 19 (0.4) 74.91 (29.93–187.48) < 0.001

Previous episodes suspected app. 427 (10.0) 2 (16.7) 425 (10.0) 1.67 (0.47–5.95) 0.33

Previous antimicrobial therapy 327 (7.6) 4 (33.3) 323 (7.6) 4.40 (1.97–9.87) < 0.05

WBC > 10,000/ml 3434 (80.2) 10 (83.3) 3424 (80.2) 1.04 (0.81–1.33) 1.00

CRP > 50 mg/l 876 (20.5) 5 (41.7) 871 (20.4) 2.04 (1.04–4.00) 0.08

WSES Grading System

Grade 0 145 (3.4) 0 144 (3.4) 0 1.00

Stage 1 1896 (44.3) 3 (25.0) 1893 (44.3) 0.56 (0.21–1.50) 0.18a

Stage 2a 632 (14.8) 0 632 (14.8) 0 0.23

Stage 2b 129 (3.0) 1 (8.3) 128 (3.0) 2.78 (0.42–18.29) 0.31

Stage 3a 332 (7.8) 0 332 (7.8) 0 0.62

Stage 3b 181 (4.2) 0 181 (4.2) 0 1.00

Stage 3c 73 (1.7) 2 (16.7) 71 (1.7) 10.02 (2.77–36.27) < 0.05

Stage 4 376 (8.8) 6 (50.0) 370 (8.7) 5.75 (3.24–10.22) < 0.001

Not reported 517 (12.1) 0 517 (12.1) NA NA

Pathology

Normal 144 (3.4) 0 144 (3.4) 0 1.00

Inflammation 1147 (26.8) 2 (16.7) 1145 (26.8) 0.62 (0.17–2.20) 0.53

Periappendicitis 236 (5.5) 1 (8.3) 235 (5.5) 1.51 (0.23–9.92) 0.49

Suppurative 1176 (27.5) 2 (16.7) 1174 (27.5) 0.61 (0.17–2.15) 0.53

Gangrenous 673 (15.7) 2 (16.7) 671 (15.7) 1.06 (0.30–3.76) 1.00

Perforation 256 (6.0) 4 (33.3) 252 (5.9) 5.65 (2.51–12.68) < 0.05

Not reported 650 (15.2) 1 (8.3) 650 (15.2) NA NA

All p values calculated using two-sided Fisher’s exact test unless otherwise noted
RR risk ratio, CI confidence interval, NA not applicable
aTwo-sided chi-square test

Table 5 Results of multinomial logistic regression for the
analysis of variables associated with mortality

Variables OR 95% CI p value

Age > 80 4.54 0.59–35.20 0.15

Immunosuppression 1.17 0.11–12.63 0.90

Severe cardiovascular disease 1.51 0.25–9.08 0.65

Charlson Comorbidity Score > 5 52.45 5.95–462.03 < 0.05

Previous antimicrobial therapy 2.29 0.48–10.85 0.30

WSES Grading System

Stage 3c 11.77 1.37–100.78 < 0.05

Stage 4 11.32 2.18–58.62 < 0.05

Pathology

Perforation 1.43 0.28–7.24 0.66

CI confidence interval, OR odds ratio
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the literature regarding non-operative management of
uncomplicated AA [13, 48, 49], this global snapshot
from our study demonstrates how operative manage-
ment still forms the backbone of treatment by surgeons.
Both laparoscopic and open approach are safe and ef-

fective techniques for the treatment of suspected AA.
Both techniques are associated with good clinical out-
comes and few complications [50]. The benefits of laparo-
scopic approach include reduced incidence of surgical site
infections, shorter postoperative stay, less pain, reduced
incidence of incisional hernias, and faster postoperative
recovery and return to everyday activities, along with bet-
ter cosmesis [24, 51, 52]. However, the traditional open
approach is still widely used, probably due to reduced
cost, shorter operative and anesthetic times, the increased
risk of intra-abdominal abscess associated with laparo-
scopic appendectomies and a reduced requirement of
higher surgical skill levels [23, 24, 53–55].
Recently, WSES recommended the use of broad

spectrum antibiotics in case of complicated AA for a
minimum duration of 3–5 days of antibiotic treatment
[46], and no postoperative antibiotics for uncomplicated
appendicitis. In our study, 80.9% of patients received at
least one antibiotic during hospitalization for a median
duration of 4 days. The most commonly used antiobiotic
was metronidazole (58.2%) followed by second- and
third-generation cephalosporines (37.0 and 17.2%, re-
spectively). Penicillin with beta-lactam inhibitors were
used only in 14.4% cases. The overall number of antibi-
otics administered (n = 5775) was different from the
number of patients receiving antibiotics (n = 3463) since
2128 patients received a combined antimicrobial ther-
apy. This data correlates with the intraoperative findings
of positive cultures collected in 275 patients (6.4% of the
total population). Escherichia coli (aerobic gram-
negative) was found in most of the cultures (57.8%),
followed by anaerobic bacteria (Bacteroides spp. 38.2%)
and Enterococcus faecalis (aerobic gram-positive) in 15.3%.
The overall number of isolated microorganisms (n = 392)
was different from the number of positive cultures
(n = 275) since from 87 positive cultures, more than
one microorganism was isolated. These multiple iso-
lations correlated with the use of multiple antibiotics
in about 70% of cases.
The reported incidence of postoperative complications

in literature ranges from 3 to 28.7% [56, 57]. The most
common complications quoted in the literature are small
bowel obstruction, surgical site infection, stump leakage,
abdominal abscess, and stump appendicitis [58, 59]. In
our study, no stump leakage or stump appendicitis have
been reported and although it is reported in the litera-
ture as occurring in patients with complicated appendi-
citis [60], there is no clear evidence of their incidence.
Surgical site infection was the most common

complication both at 7 and at 30 days after operation (6.
2 and 1.9% incidence, respectively) and the reported in-
cidence from the literature ranges between 1.2 and 12%.
Small bowel obstruction is reported to have an incidence
of around 2%, but in our study its occurrence was as low
as 0.2% at 7 days and 0.1% at 30 days, much less than
the rates reported in the literature. Abdominal abscesses
are the second most frequent complication, with an inci-
dence between 1.6 and 8% [59, 60]. Our study correlated
with the incidence of abdominal abscesses reported in
the literature with 1.9% at 7 days, but it was much lower
at 30 days (1.3%). Complications were not recorded for
100% of the cases included in the study, and this repre-
sents a potential bias.
Histopathology showed 32.4% were suppurative ap-

pendixes, 31.6% inflammatory, and 18.5% gangrenous
appendixes. These represent the majority of pathological
diagnosis in case of AA, and they correlate well with
preoperative diagnosis and scores registered in our
study, but further analyses are necessary to better inves-
tigate the correlation between preoperative variables and
intra−/postoperative findings. Unfortunately, the present
study does not report any data on the incidence of
appendiceal tumors, although this finding occurs in
about 3% of all appendectomies in the literature [61, 62].
The median hospitalization of 3 days was less than the

average length of hospital stay reported in literature
[63]. The overall mortality rate following appendectomy
in cases of complicated appendectomy can be up to 2.4%
[2, 3], and the value of 0.28% is lower than the data re-
ported in literature.
In the bivariate analysis, we have investigated the pre-

dictive factors of mortality. Significant variables were age
> 80 years, immunosuppression, severe cardiovascular
disease, Charlson Comorbidity Score > 5, previous epi-
sodes of suspected appendicitis, previous antimicrobial
therapy, WSES stages 3c–4, and a pathologic report of
perforation. At multivariate analysis, only Charlson
Comorbidity Score > 5 (OR 52.45, p < 0.05) and WSES
stages 3c (OR 11.77, p < 0.05) and 4 (OR 11.32, p < 0.05)
were confirmed as independent variables that were pre-
dictors of mortality. Therefore, the presence of serious
comorbidities is associated with significantly worse prog-
nosis for such a benign disease, even in absence of
complications. Surprisingly, perforation was not an inde-
pendent risk factor associated to mortality; nonetheless,
this should be interpreted with caution, due to the ex-
tremely low number of deaths.

Conclusions
The results of the present study gives a snapshot of
current worldwide trend in the diagnostic work-up and
therapeutic management of AA. Ultrasound is used in
about 40% cases and CT in one third. Alvarado,
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Andersson’s, and WSES grading scores are useful methods
to classify the patients, and they predict and correlate with
the surgical or pathological diagnosis. More than 90% of pa-
tients are treated with surgery, which, in more than 50%
cases, is performed using a laparoscopic approach, with a
low conversion rate. The hospital stay is usually short, with
few complications at 7 and 30 days postoperatively. Even if
it is low, the mortality rate seems to correlate with the pres-
ence of relevant comorbidities in cases of complicated ap-
pendicitis with abscess or peritonitis. Further analysis based
on the present data are needed to study in detail the role of
preoperative diagnostic work-up, the usefulness of prognos-
tic scores, the potential value of appropriate antibiotic ther-
apy, and the real advantages of a laparoscopic approach.
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