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Abstract

Appendicitis is one of the common surgeries all over the world, and its diagnosis is difficult and based on clinical
examinations or its symptoms. Moreover, after the surgery is accomplished, it is probable that the patient is faced with
certain problems and complications. In this regard, the present study was carried out in order to review the infections
caused after appendicitis surgery. The databases like PubMed, Google Scholar, and Science Direct and relevant articles
were collected, in which keywords like appendicitis surgery, perforation, laparoscopy, and infection had been used. A total
number of 6,000 articles were retrieved, out of which, 74 relevant articles were examined. The results of the present
study indicated that perforated appendix can be the biggest cause of infection and abscess after intra-abdominal surgery.
An increase in the level of C-reactive protein and leukocytes is accompanied with the risk of postoperative complications
including infection and abscess. Numerous studies have reported that formation of infection and abscess after laparoscopic
appendectomy is a little more than open appendectomy:. It is not necessary to consume antibiotics after a non-perforated
appendectomy:. It is sufficient to consume antibiotics for 3 to 5 days after a perforated appendectomy to prevent infection
and abscess. With the above results now it is evident that the appendicitis and its complications are still a common problem
among people all over the world. There is still much to discuss among the surgeons with regards to appendicitis and its
complications .
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every day. The present review study was carried out
in order to examine and identify the predicting and

1. Introduction

According to the Center for Disease Control and
Prevention, an annual number of about 325,000
appendectomy cases happen in the USA'. In most of these
cases, after patients wake up in the recovery room, they
refer to their pain relief’. And after they are examined and
followed by the surgeon, it is known that they return to
their daily lives with a marginal effect on their life quality®.
Allin all, the problems caused after appendectomy occurs
in 5-20% of patients. These problems include bowel
obstruction, infection, pneumonia, and death®. Extensive
studies have been carried out on appendicitis. A simple
search on PubMed website using appendicitis as the
keyword indicated that about 6000 articles were carried
out over 2003-2016, i.e. about 1.17 articles of appendicitis
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predisposing factors for intra-abdominal infections after
appendectomy, whose rate varies between 1 and 10%°.
Moreover, different topics that are related to infection after
appendectomy, including perforated appendectomy, in
comparison to non-perforated appendectomy, including
age and obesity, were taken into account.

2. Perforated and Non-Perforated
Appendicitis

In today’s modern world, the rate of perforated
appendicitis among people is reported to be 15-20%. In
a study carried out on 32,000 appendectomy patients in
the database of National Surgical Quality Improvement
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Program (NSQIP), the rate of perforated appendicitis was
reported 17%? Likewise, the results of a study carried
out on 9.048 adults in Washington’s Surgical Care region
indicated that patients who had undergone perforated
appendectomy were about 16%’. In children, the most
rate of perforation in teenage is similar to adults; however,
a significant increase on perforation in ages below 5 years
(60%) and ages below 3 years (86-100%) was reported®”.
Among all postsurgical factors, perforation condition is
the biggest risk factor causing infection and abscess after
appendicitis surgery. Based on following research result
(Table 1), it is clear as to what amount of infection has
been resulted in perforated surgery compared to the non-
perforated surgery.

Table 1. Postsurgical infection rate in perforated
surgery compared to non-perforated surgery

Author (year) Perforated  Non-perforated
appendicitis appendicitis

8Kelly et al. (2014) 8.5% 0.8%

“Masoomi et al. (2014) 3.7% 1.3%

*Romano et al. (2014) 5.7% 0.7%

"Markar et al. (2012) 2.8% 0.6%

" Asarias et al. (2011) 5.3% 0.88%

According to Table 1, it seems reasonable that the
risk rate of infection in non-perforated and perforated
appendicitis is about 1 [4, 8, 11] and 5% [8, 9, 11].
respectively. By taking into account the number of
appendicitis surgeries carried out every year, it can be
concluded as to what percent of patients need treatment of
intra-abdominal infection and abscess after appendicitis
surgery. As a result, it can be understood what level of
tendency exists to identify and solve infection risk factors.

3. Childhood and Adulthood as
Clinical Factors

It is an important challenge to diagnose what clinical
factor can be the predicting and potential factor in internal
infection of the organs after appendectomy, and there
are numerous contradictory results for this issue in the
literature. By reviewing the NSQIP database, Fleming et
al."?studied 39,950 appendicitis patients and found various
clinical variables related to infection after appendectomy.
Those variables included masculinity, date and level of
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tobacco consumption, systemic inflammatory response
syndrome, mean and number of WBC before surgery,
emergency method, higher level of injury, and surgery
period of longer than 60 minutes, all of which are related
with prevalence of infection in internal organs. On the
contrary, mean age, BMI, diabetes history, and bleeding
disorder history are not correlated with prevalence of
infection in internal organs in appendectomy'2.

A similar study was carried out on 5,097 two-eighteen-
year-old children who had undergone appendectomy.
It was concluded that there was a correlation between
infection of internal organs and complex appendectomy
(perforation and abscess infection), high level injuries,
putrefaction, and surgery time of over 60 minutes. As
opposed to adults; however, it does not seem that an
increase in the level of infection in internal organs is
related with genders or emergency operations®.

4. Predisposing Factors
for Complications after
Appendectomy

The data indicate that the population of appendectomy
patients is changing. The number of patients with obesity,
multiple diseases, and age of over 65 is increasing. By
reviewing the literature, it can be perceived that with over
1.5 million appendectomy patients in the USA from 2003
to 2011, there has been an increase in various problems
and complexities among men, aging over 52 years old,
inexperienced hospitals, rural regions, insurance system
of individuals over 65, and African American race®.

4.1 Racial Disparities

In a review study carried out on 39,000 patients in the
NSQIP database in 2008, the results showed that the rate of
infection after appendectomy was higher among African
Americans than whites (2.7% vs. 1.7%). Researchers
believe that further investigation should be carried out in
order to identify the causes of and interracial grounds for
more infection after appendectomy’’. Whatever the cause
is, this issue is important that the disparities should be
identified and appropriate individuals need to be trained
to become familiar with such complexities and the
disparities are gradually eradicated.
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4.2 Obesity

Because perforation is the biggest factor predisposing
infection of internal organs, it can be predicted that any
situation that causes high risk in perforation can result in
postsurgical infection. Obesity is a factor that can lead to
perforated appendicitis. However, it cannot be concluded
that obesity is absolutely the cause of infections in
internal organs after appendectomy'". Although there
are disagreements, other researchers have referred to the
risk of infection in internal organs among obese children
to be 35%'; however, further research should be carried
out on this certain population.

4.3 Young Ages

As discussed before, children under 5 years are more prone
to perforated appendectomy®”. However, one cannot
conclude more infection after appendectomy from the
high rate of perforation. Bansal et al. observed that the
rate of infection in organs among children under 5 years is
3.2%. Nevertheless, the rate of perforation among children
below 1 year, 1-2 years, and 2-3 years is 86%, 74%, and
60% respectively; however, none of those children had an
infection after appendectomy. Henry et al.' reported that
diarrhea is a predicting factor for development of infection
in internal organs after appendectomy®. Moreover, Henry
et al. concluded that painful period, type and time of
consuming antibiotics, the presence of infection at the
time of surgery, and surgical techniques are not predictive
factors for postsurgical infection and abscess'®.

4.4 Old Ages

On the other end, patients aging over 65 are more
predisposed to perforation®. This is an important factor
for infection risk in internal organs after appendectomy.

4.5 Prediction Laboratory Data of Infection

of Internal Organs
Published articles have identified different laboratory
markers, including WBC, CRP, and bilirubin that are
correlated with perforated appendicitis®. However, the
examined data use this value as a predicting factor for
postsurgical infection of internal organs. Thereaux et al.”!
examined 141 appendectomies in which appendicular
peritonitis had been carried out (presence of intra-
abdominal purulent fluid) and concluded that the number
of leukocytes before surgery of more than 17,000 and the
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CRP concentration of over 200 mg/] were correlated with
an increase in infection after appendectomy. Age, gender,
cycle of symptoms, fever lower than 38’, cystectomy, and
presence or absence of fluid leakage are not correlated
with infection of internal organs after appendectomy.
Other studies indicated that WBC value as the predicting
factor for postsurgical infection of internal organs is not

convincing®'>?.,

4.6 Delay in Taking the Person to the

Operating Room

As was stated before, it is assumed that any scenario
leading to the formation of perforation will result in
postsurgical infection. One of the assumptions referred to
in the literature is a delay in conducting appendectomy
surgery. The results of a review study have recently
confirmed that a delay of more than 12 hours can lead
to increased perforation and infection of internal organs
after appendicitis surgery*. Some studies have referred to
the opposite of this issue. When the course of antibiotics
starts, delay in surgery does not enhance the rate of
perforation®**. The results of a meta-analysis carried out
in 2014 indicated that a delay of 12-24 hours had no effect
on the formation of postsurgical infection®.

5. Laparoscopic Surgical
Techniques vs. Open Surgery

Many scholars have tried to remove appendicitis in a way
thatnoinfection occursafter the surgery. After McBurney”
proposed his method in appendectomy in 1894, it was
employed as a technique to remove appendicitis for a
century. In 1981, Semm? implemented laparoscopic
method for the first time. With the knowledge of infection
after appendectomy, numerous studies have been carried
out in order to figure out better methods.

Surgical methods with minimum invasiveness are
considered as appropriate techniques for appendectomy.
With the knowledge of infection after appendectomy,
the literature proposes that compared to open surgery,
minimally invasive surgery causes more infection in
internal organs after appendicitis surgery. In a meta-
analysis, laparoscopic and open surgeries were compared
together in 1998. That study indicated that infection of
internal organs during laparoscopic surgery and open
surgery was respectively 2 and 0.9 percent; however, this
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difference was not significant”. Almost a decade later,
the results of another meta-analysis focusing on 1995-
2006 indicated that infection of internal organs during
laparoscopic surgery was 3% while 1.6% in open surgery™.

6. Consuming Antibiotics in
Appendectomy

6.1 Consuming Antibiotics during Non-
Perforated Appendicitis

In a review, Anderson et al’' examined 45 studies
consisting of 9,000 children and adults. They reported
that consuming antibiotics caused a decrease in
postsurgical infection. Consuming antibiotics is aimed
at minimizing postsurgical infection, and researchers
have tried to achieve this goal. Regarding non-perforated
appendicitis among 700 patients, it was determined that
continuous consumption of antibiotics after surgery
may be seriously dangerous and increase the level of
Clostridium difficile, urinary tract infection, and its
survival time®2. Surgical Infection Society has proposed
guidelines against microbes. These guidelines postulate
that antibiotics should be consumed before surgery, but
not after it. Antibiotic selection should be in a decreasing
and instant way. Conventional treatments include two-
generation cephalosporin and long-term spectrum
penicillin®. Moreover, it has been recommended that
antibiotics are not consumed after surgery in adults with
non-perforated appendicitis. Daskalakiset al.** carried
out a review and concluded that individuals with non-
perforated appendicitis need a single and extensive dose
of antibiotics before surgery.

6.2 Consuming Antibiotics during
Perforated Appendicitis

In perforated appendicitis cases, antibiotic consumption
duration is discussable. Surgical Infection Society has
suggested that children with perforated appendicitis
consume an extensive range of antibiotics until clinical
symptoms recover (24 hours without fever, normal
WBC, and disappearance of symptoms)*. According to
the recommendations by the Surgical Infection Society,
adults should not consume antibiotics more than 7 days
unless the patient reaches his natural state. Samples of
single-use antibiotics include cefoxitin, ertapenem, and
piperacillin-tazobactam®.
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There have been numerous attempts to identify the
duration of antibiotic consumption. Daskalakiset al.**
concluded that injecting intravenous antibiotics for at
least 3-5 days is recommended until clinical recovery is
obtained. Symptoms of clinical recovery includes decrease
in fever, CRP, and leukocytosis.

A study carried out in 2014 focused on the difference
between consuming antibiotics for 3 and 5 days. The
results indicated that there was no significant difference
between these two states. All patients were treated with
two-generation cephalosporin and metronidazole before
and after the surgery™.

7. Diagnosis and Treatment

There are not many discussions on diagnosing infection of
internal organs after appendectomy. In most cases, there
is an increase in fever, stomachache, and leukocytosis.
When there is clinical doubt, CT scan seems to be a
preferable method. If an infection is identified, antibiotics
should be prescribed in a large amount and infection
should be extracted through penetrating into the skin of
that part®.

8. Discussion and Conclusion

Infection after appendectomy is an unfavorable
complication of appendicitis. After surgery, it occurs
in 1% of severe non-perforated appendicitis®'' while it
happens in 5-10% of perforated surgery>**. Perforation
certainly causes internal infection after surgery; however,
it will be advantageous if other causes are identified. It is
reasonable to become aware of this fact that perforation
is accompanied by the risk of infection in internal
organs after appendicitis surgery, and that factors
increasing the risk of perforation are among predicting
factors for infection in internal organs of the body after
appendectomy. This case is supported by evidence that
indicates that failure to treat appendicitis for more than
48 hours can lead to postsurgical complications*. Some
other factors have been identified to be related to an
increase in the rate of perforation including obesity, black
race, gender (particularly male), and rural and suburban
areas”. Relevant data showed that the prevalence of
infection after appendectomy is higher among African-
Americans than whites (2.7% vs. 1.7%)*. Moreover,
the results reported in the literature indicate that obese
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individuals are more prone to infection of internal organs
after appendectomy'®; however, there are contradictory
results in this regard'*"*. Further studies should be carried
out in order to understand such discrepancies better and
determine the role of age, gender, and insurance in the rate
of infection after an appendectomy. In addition to these
variables, researchers should identify laboratory variables
that may expose the patients to risk. CRP level of higher
than 200 mg/1 and the number of leukocytosis over 17,000
are considered as predictors of infection after appendicitis
surgery”’. When patients who are exposed to risk are
identified, this can be used to identify useful approaches
to decrease the level of infection after appendicitis
surgery. For instance, in non-perforated appendicitis,
patients only need to consume antibiotics before surgery
and they need not take antibiotics after surgery. It seems
that patients with perforated-appendicitis need to use
antimicrobial coatings for 3-5 days. In all cases, the
patient’s clinical condition should be controlled to make
sure about improvement in symptoms, decrease in fever,
normal state of WBC and CRP*.

Numerous studies have focused on whether open
surgery or minimally invasive surgery is more effective
in decreasing infection after appendectomy. Despite of
contradictory results, most meta-analyses have indicated
that minimally invasive surgery causes more infection
after appendectomy. Despite of this, due to its advantages,
laparoscopic surgery is preferred to open surgery by most
surgeons. During the recovery period after appendectomy,
recurrence or worsening of abdominal pain, fever, and
increase in level of WBC and CRP can be a proposed
factor for infection. Confirmation with CT scan is the
commonest diagnostic method and data that are required
for guidance and treatment. In general, appendicitis
and its complications are still a problem shared by all
people throughout the world. There is still a lot to discuss
regarding appendicitis and its complications in the field
of surgery.
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