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Background: This study was designed to provide additional insights into the incidence of appendectomy
complications in patients with appendicitis.

Methods: A total of 619 patients who underwent appendectomy for appendicitis between 2014 and
2020 were recruited. Preoperative patient data and details of postoperative complications were collected.
Comparisons between simple and complex appendicitis were obtained via univariate and multivariate
analyses of the outcomes.

Results: Simple and complex appendicitis was diagnosed in 192 and 427 patients, respectively. Twenty-
eight patients with simple appendicitis developed complications, and 14 of these were infectious
complications. In patients with complex appendicitis, 65 patients developed complications, and 55 of
these were infectious complications. Infectious complications were identified as the largest proportion of
complications. The significant risk factor for infectious complications in simple appendicitis was American
Society of Anesthesiologists (ASA) grade [odds ratio (OR) =7.843, 95% confidence interval (CI): 1.987—
30.955, P=0.003]. ASA grade (OR =1.992, P=0.032) and positive bacterial culture (OR =4.019, 95% CI:
1.809-8.933, P=0.001) were significantly related to infectious complication in complex appendicitis.
Conclusions: This study showed that appendectomy is not always a routine operation with few
complications. There was a relatively high rate of complications in patients with appendicitis, which were
mostly infectious complications. A higher ASA grade correlated with infectious complication. In some cases
of complex appendicitis, patients with positive bacterial culture may have had a greater risk of infectious

complications.
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Introduction Many studies have shown that, in patients with

Appendicitis, which has an estimated lifetime risk
of morbidity of 7-8%, is one of the most common
gastrointestinal diseases worldwide (1). As a result,
appendectomy has become one of the most frequently
performed operations, causing a significant burden on the
modern health system (2).

© Annals of Palliative Medicine. All rights reserved.

appendicitis, the presence of complications is an important
risk factor can influence the prognosis of patients
following after appendectomy (3,4). Currently, the
diagnosis-related group (DRG)-based payment system for
appendicitis, including complex cases, is widely used to cost
containment (5). In order to both optimize and
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reduce the cost of treatment for appendicitis, more
information about the incidence of complications after
appendectomy is needed. In recent years, the classification
of acute appendicitis into two types has become well
established: simple appendicitis (uncomplicated/non-
perforating) and complex appendicitis (perforating or
necrotizing) (6). However, existing studies show uneven
quality and high variance in two types of appendicitis,
with reported complication rates ranging from 5-20% and
even up to 31.4% (7-9). Complications were defined as
any deviation from the stable postoperative course during
hospitalization. The most common complications after
appendectomy included: surgical site infection (SSI), ileus,
and intra-abdominal abscess (IAA). Other complications
included fever, urethral infection, urine retention, and
other rare circumstances. While the results of an ongoing
randomized-controlled trial are not yet available, we are
now able to benefit from the appendicitis data that have
been generated thus far.

Therefore, the aim of this retrospective study was
to provide additional insight into complications after
appendectomy in order to improve treatment and care
in patients with appendicitis. We present the following
article in accordance with the STROBE reporting checklist
(available at https://dx.doi.org/10.21037/apm-21-3295).

Methods
Patients

Patients who underwent appendectomy at our surgical
center for appendicitis between 2014 and 2020 were
enrolled in the study. We collected perioperative
data and details of postoperative complications from
electronic patient files. Non-surgical treatment of patients
with suspected appendicitis were excluded. Clinical
features, including sex, age, and American Society
of Anesthesiologists (ASA) score were collected, and
postoperative complications and perioperative files were
retrospectively reviewed. Ethical approval was waived by
the local Ethics Committee as the observational nature
of the study and all the procedures being performed
were part of the routine care. Individual consent for this
retrospective analysis was waived. This study was conducted
in accordance with the ethical standards of our hospital
academic committee and with the Declaration of Helsinki (as
revised in 2013).
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Perioperative management

Both open and laparoscopic surgical approaches for
appendectomy were performed. Open abdominal
appendectomy was performed using a McBurney incision,
and the conventional three-port method was used for
laparoscopic appendectomy. We considered the conversion
from laparoscopic to open abdominal appendectomy as a
laparoscopic appendectomy. Routine standardized bacterial
cultures were taken: (I) following surgery, the contents of
the appendix cavity were wiped; and (II) bacterial culture
specimens were taken from abscess fluid in patients with
periappendicular abscess (10). Empirical antibiotics were
administered to every patient preoperatively. When
a patient was suspected of appendicitis by physical
examination and abdominal computed tomography (CT)
scan, third-generation cephalosporins (cephamycins) with
or without ornidazole (metronidazole, morinidazole) were
given intravenously. For patients who were suspected of
having more severe infection, wide-spectrum antibiotics
were selected, including quinolones, aminoglycosides, or
meropenen.

Outcomes

Patients were divided into 2 groups based on perioperative
diagnosis and postoperative histopathological examination
in accordance with the classification system devised by
Bhangu et al. (6). The first group comprised patients
with simple, non-perforated appendicitis, and the second
group included patients with complex appendicitis,
either gangrenous, perforated, or IAA. The mainstay
of this study was complications after appendectomy.
Complications were defined as any deviation from the
stable postoperative course during hospitalization.
Complication severity was graded in accordance with the
Clavien-Dindo classification system (11). Complications
were also categorized as less severe (Clavien-Dindo I-1I)
or severe (Clavien-Dindo II-IV) (12). The most common
complications after appendectomy included: surgical
site infection (SSI), which was divided into superficial
(inflammation in the skin or the subcutaneous tissue) or
deep (inflammation in deep soft tissues of the incision, such
as the muscles, fascia and tissue around it); ileus, which
was defined as not resuming bowel movements within
5 days of the intervention; and IAA confirmed by CT scan
or collection of pus in the abdomen. Only complications
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that occurred during a patient’s hospital stay were included
in this study.

Statistical analysis

Descriptive statistics were carried out using IBM SPSS
version 24.0 (SPSS Inc., Chicago, IL, USA). We used
medians with interquartile ranges (IQR) for non-normally
distributed continuous data. To discover predictive factors
for infectious complications, differences in clinicopathologic
characteristics were assessed using the Student’s test, i test,
or Fisher’s exact test. A multivariate logistic regression was
carried out for all useful variables in the univariate analysis.
The level of statistical significance was P<0.05 (two-tailed)
for each test.

Results
Patients’ general and perioperative characteristics

A total of 619 patients who primarily presented at our
center with appendicitis and subsequently underwent
appendectomy were included in the study. The average age
was 40.7 years (range, 7-93 years). There were 307 (49.6%)
female and 312 (50.4%) male patients. The ASA grade was
>2 in 124 (20.0%) patients. Appendectomy was performed
laparoscopically in 479 (77.4%) of the patients. Of the 558
(90.1%) patients who had standardized bacterial cultures,
274 (44.3%) had positive culture results. The median length
of hospital stay was 7 days [interquartile range (IQR), 6-9
days]. There was no 30-day postoperative mortality in this
study. Simple appendicitis was diagnosed in 192 (31.0%)
patients, while complex appendicitis was diagnosed in 427
(69.0%) patients.

In the simple appendicitis group, the proportion of
women was significantly higher, with 55.7% (n=107). The
complex appendicitis group comprised significantly more
male patients (53.2%, n=227, P=0.041). There was no
significant difference in ASA grade between the two groups
(P=0.902). Type of surgery (P=0.080) and hospital stay
(P=0.259) were not significantly different in the simple and
complex appendicitis groups. There was also no significant
difference between the simple and complex appendicitis
groups in the total swabbed rate (P=0.076). Positive
bacterial culture rate showed significantly more severe
inflammation in the complex appendicitis group (P=0.026).
General and perioperative characteristics are shown in
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Table 1.

Complications

Of the 619 patients, 93 (15.0%) developed postoperative
complications. The number of Clavien-Dindo grade
I, II, III, IV, and V complications were 34 (36.6%), 51
(54.8%), 4 (4.3%), 4 (4.3%), and 0 (0%), respectively
(Figure 1). In patients with simple appendicitis,
complications occurred in 28 out of 192 (14.6%) patients,
of which 23 were severe (Clavien-Dindo III-1V). In
patients with complex appendicitis, 65 out of 427 (15.2%)
patients experienced complications, and 36 of those were
severe (Clavien-Dindo III-IV) (P=0.014). Among patients
with common postoperative complications, 69 patients
developed infectious complications, which were identified
as the largest proportion of complications, with 14 cases
in the simple appendicitis group and 55 in the complex
appendicitis group (P=0.041). Complex appendicitis was
a risk factor for infectious complication. Details of the
postoperative complications are listed in Zable 2.

In total, we identified more than 10 types of different
postoperative complications that occurred within 30 days
of the operation, with infectious complication the most
common. Statistical analysis conducted after patients were
stratified by type of appendicitis (simple and complex) and
type of postoperative complication (infectious complication
and without infectious complication) yielded potentially
important findings. The factors linked to infectious
complications are presented in Tables 3,4. In the simple
appendicitis group, ASA grade was associated with infectious
complications after univariable analysis. In the complex
appendicitis group, ASA grade, age, and positive bacterial
culture were associated with infectious complications
after univariable analysis. To appraise the variable with
the greatest force on the development of an infectious
complication, logistic regression analysis was carried out. All
useful variables were included (age, gender, ASA grade, type
of surgery, and bacterial culture). In multivariable analysis,
ASA grade was also significantly associated with infectious
complications in the simple appendicitis group [odds ratio
(OR) =7.843, 95% confidence interval (CI): 1.987-30.955,
P=0.003]. In the complex appendicitis group, multivariable
analysis revealed that ASA grade (OR =7.042, 95% CI:
3.342-14.838, P=0.000) and positive bacterial culture (OR
=4.019, 95% CI: 1.809-8.933, P=0.001) were significantly
related to infectious complications.
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Table 1 Patient demographic and perioperative data

Characteristics All (n=619) Complex (n=427) Simple (n=192) P
Age, mean [range], years 40.7 [7-93] 41.4 [7-93] 39.0 [8-85] 0.124
Sex, n (%) 0.041
Female 307 (49.6) 200 (46.8) 107 (55.7)
Male 312 (50.4) 227 (53.2) 85 (44.3)
ASA grade, n (%) 0.902
I 495 (80.0) 343 (80.3) 152 (79.2)
Il 94 (15.2) 63 (14.8) 31 (16.1)
M 30 (4.8) 21 (4.9 9 (4.7)
Type of surgery, n (%) 0.080
Laparoscopy 479 (77.4) 322 (75.4) 157 (81.8)
Open 140 (22.6) 105 (24.6) 35(18.2)
Total swabbed, n (%) 558 (90.1) 391 (91.6) 167 (87.0) 0.076
Positive culture, n (%) 274 (44.3) 204 (47.8) 70 (36.5) 0.026
Hospital stay, median [IQR], days 7 [6-9] 8 [6-9] 7 [6-8] 0.259
Complication present, n (%) 93 (15.0) 65 (15.2) 28 (14.6) 0.837
Severity of complications 0.014
Less severe complications (Clavien-Dindo I-ll), n (%) 34 (5.5) 29 (6.8) 5(2.6)
Severe complications (Clavien-Dindo IlI-1V), n (%) 59 (9.5) 36 (8.4) 23 (12.0)
Infectious complications, n (%) 69 (11.1) 55 (12.9) 14 (7.3) 0.041

ASA, American Society of Anesthesiologists, IQR, interquartile range.

I Without complications Complications (Clavien-Dindo classification)
/e [ BN o 1T 0 \VA

Figure 1 Details of postoperative complications, including Clavien-Dindo grade I, II, III, IV.
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Table 2 Complications in simple appendicitis versus complex appendicitis

Characteristics All (n=619) Complex (n=427) Simple (n=192) P
Complication present, n (%) 93 (15.0) 65 (15.2) 28 (14.6) 0.837
Severity of complications, n (%) 0.014
Less severe complications (Clavien-Dindo I-l) 34 (5.5) 29 (6.8) 5(2.6)
Severe complications (Clavien-Dindo IlI-1V) 59 (9.5) 36 (8.4) 23 (12.0)
Infectious complications, n (%) 69 (11.1) 55 (12.9) 14 (7.3) 0.041

Table 3 Predictive factors associated with infectious complications in appendicitis

Simple Complex
Characteristics Patients with Patients without Patients with infectious ~ Patients without
infectious infectious P complications infectious P
complications (n=14) complications (n=178) (n=55) complications (n=372)
Age, mean [range], years 47.1 [21-80] 38.4 [8-85] 0.074 50.9 [11-93] 40.1 [7-87] 0.000
Sex, n (%) 0.654 0.168
Female 7 (50.0) 100 (56.2) 21 (38.2) 179 (48.1)
Male 7 (50.0) 78 (43.8) 34 (61.8) 193 (51.9)
ASA grade, n (%) 0.000 0.000
| 4 (28.6) 148 (83.1) 20 (36.4) 328 (86.8)
Il 9 (64.3) 22 (12.4) 24 (43.6) 36 (10.5)
1l 1(7.1) 8 (4.5) 11 (20.0) 8(2.7)
Type of surgery, n (%) 0.691 0.244
Open 2 (14.3) 33 (18.5) 17 (30.9) 88 (23.7)
Laparoscopy 12 (85.7) 145 (81.5) 38 (69.1) 284 (76.3)
Total swabbed, n (%) 12 (85.7) 155 (87.1) 1.000 50 (90.9) 341 (91.7) 0.850
Positive culture, n (%) 5(41.7) 65 (41.9) 0.985 38 (69.1) 166 (44.6) 0.000

ASA, American Society of Anesthesiologists.

Table 4 Logistic regression for infectious complications in simple and complex appendicitis

Classification Characteristics Odds ratio 95% ClI P

Simple ASA grade 7.843 1.987-30.955 0.003

Complex ASA grade 7.042 3.342-14.838 0.000
Positive culture 4.019 1.809-8.933 0.001

ASA, American Society of Anesthesiologists.

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(12):12546-12553 | https://dx.doi.org/10.21037/apm-21-3295



Annals of Palliative Medicine, Vol 10, No 12 December 2021

Discussion

Appendicectomy is one of the most common emergency
surgeries (13). Even though surgical techniques and
asepsis have improved, postoperative complications are
responsible for a significant morbidity. Complications after
appendectomy can result in prolonged hospitalization,
increased medical expenses, and compromised overall
prognosis. In the current literature, the overall incidence
of complications after appendectomy vary. Postoperative
complication events depend on disease severity, specific
degree of complications, detection methods, and
national geographical location. The overall postoperative
complication rate of 15% in our study was relatively
high compared with the current literature. The higher
incidence of complications in this study compared to the
literature can be explained by the use of strict definitions
for postoperative complications after appendectomy. While
many other studies have reported only the most common
complications (i.e., SSI, IAA, ileus, and postoperative
pyrexia) (14,15), we reported complications of any kind that
required a form of treatment. To evaluate the severity of the
complications, we used Clavien-Dindo classification, which
is the most commonly used system for categorizing the
severity of complications (16,17). The use of standardized
reporting for the type of appendicitis (simple or complex)
and complications, including explicit definitions for
these complications and their severity, are key factors in
improving the comparability of future studies.

As patients with complex appendicitis had a higher risk
of complications in our study, the reporting of appendicitis
type and use of subgroup analysis were important for
explaining the incidence of complications. Existing
studies frequently lack a definition of simple and complex
appendicitis and also the incidence of each appendicitis type.
We chose to follow the most widely accepted definition of
complex and simple appendicitis. The results of this study
suggested that for some patients, appendectomy is not
always without complications, and more work needs to be
done to minimize complications after appendectomy.

Infectious complications, at 11.1%, were the most
common type of complication, and this is comparable to
results reported by other studies (18-20). Statistical analysis
after stratification of patients by type of appendicitis (simple
and complex) and by type of infectious complication
yielded important findings. Although the ASA classification
was developed in 1941 by Saklad er 4/. for statistical
data management, it has become the most widely used
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patient risk assessment protocol in anesthesiology (21).
The ASA classification represents a simple estimate of
physiological status without the need for many additional
clinical resources and can be used with every patient prior
to surgery. Univariate analysis and logistic regression
analysis were carried out for infectious complications. In
the logistic regression analysis, ASA grade was a significant
influencing factor. With each further level in ASA grade,
the risk for an infectious complication increased about 7
times in both appendicitis groups. ASA classification proved
to be a predictor of postoperative complications (22). This
result was expected as ASA evaluated the preoperative
condition of the patient and provided a score that predicted
morbimortality, which is a risk factor for infectious
complication (23).

Subgroup analysis also showed that in some cases of
complex appendicitis, patients with positive bacterial
culture may have had a greater risk of an infectious
complication. The bacterial growth in an inflamed
appendix is formed from a mixture of aerobic and anaerobic
bacteria, often dominated by E. coli and Bacteroides
genera (24). Notably, in line with Schlottmann et 4/, the
higher the grade of intraperitoneal bacterial contamination,
the higher the risk of infectious complications (25). Complex
appendicitis proved to be an important predictor of risk for
postoperative complications (26). We hypothesized that
there was a relationship between infectious complications
and bacterial translocation in patients with complex
appendicitis. Based on the physiopathology of appendicitis,
the number of luminal microbes, including E. coli, Klebsiella,
Bacteroides, Streptococcus and Pseudomonas, increases (27).
Bacterial overgrowth aggravates mucosal damage, allowing
microorganisms to easily enter the appendix cavity, the
peritoneum, mesenteric lymph nodes, and even parenteral
organs, causing infectious complications. This is easily
detected as positive bacterial culture. Further research
on the relationship between infectious complications and
bacterial translocation in patients with complex appendicitis
will need to be carried out in the future.

The current study had some limitations. First, as
a retrospective study, it was inherently prone to bias.
Second, the study involved a very complex, heterogeneous
population of patients, scattered over a considerable period
of time. Third, as we retrospectively collected the data
from the electronic medical record system, not all variables
of interest could be retrieved, which may have affected
multivariate logistic regression analysis. Lastly, patients
did not undergo longer follow-up once symptoms had
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disappeared following medical intervention.

Conclusions

Our study found a relatively high rate of complications
in patients with appendicitis. The most common were
infectious complications. A higher ASA grade correlated
with infectious complications. In some cases of complex
appendicitis, patients with positive bacterial culture
may have had a greater risk of infectious complications.
Patients at high risk should be carefully followed up for
early detection and treatment. An adequate perioperative
care should take immediate action in order to prevent
complications due to possible comorbidities.
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