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Abstract

Although acute appendicitis is @ common occurrence in the pediatric population, there is still considerable debate surrounding the optimal postoperative antibiotic
treatment. Currently, there is a lack of a clear, evidence-based protocol for postoperative treatment.

The objective of this review is to develop a protocol for postoperative antibiotic treatment in children with acute appendicitis. By introducing this protocol, we aim to

establish a more straightforward policy and avoid overtreatment with antibiotics.

Introduction

Acute appendicitis (AA) is a common surgical presentation with a lifetime
incidence of 9% (1). Despite being one of the most common reasons
for abdominal surgery in pediatric patients, there is a wide variation
management. In general, AA is treated with appendectomy, followed by
antibiotics in the case of complicated appendicitis.

The indication and the optimal duration of postoperative antibiotics for
AA still pose significant ambiguity, as described in the 2015 European
Association of Endoscopic Surgery (EAES) consensus document, where

the duration of antibiotic treatment varied between 3, 5, 7, and 10 days.
They also stated that the evidence regarding the duration of postoperative
antibiotic treatment is limited (2).

The World Society of Emergency Surgery (WSES) recommends
transitioning to oral administration of postoperative antibiotics after 48
hours, advocating for a total treatment duration of less than 7 days (3).
However, they do not provide specific guidance on duration based on
classification or define parameters for discontinuation.

Experience has shown that treatment is often based on the preference
of the treating physician.
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prolonged treatment due to postoperative complications (such as surgical
site infections) were excluded.

We excluded letters to the editor, comments on articles, surveys or
research letters.

Studies describing a conservative antibiotic treatment approach without
appendectomy were not included. Patients with an appendicular mass
at first presentation were also excluded, since in these cases different
approaches are possible depending on disease duration and clinical signs
(appendectomy, conservative treatment with antibiotics, percutaneous
drainage) and this was beyond the scope of this review.

Literature search

To identify potential studies and guidelines, a literature search was
performed according to the PRISMA guidelines in Pubmed (Figure 1)
using the Medical Subject Heading (MeSH) terms ‘acute appendicitis
AND (pediatric OR children OR child) AND (antibiotics OR antibiotic) AND
(postoperative OR appendectomy OR surgery).

To include the most recent literature, we decided to review publications
from the last 11 years from 01/08/2012 to 01/03/2024. Duplicates were
removed using Covidence.

An overview of the study selection is shown in Figure 1.

Our literature search identified 61 studies eligible for inclusion. By
screening references of the included studies, 5 additional articles were
added. Details of these studies are provided in the supplementary table.

Results
Classification

By reviewing the literature, we noted a great variability in the classification
of AA. In general, everyone agrees that AA is a continuum from an
inflamed appendix to perforated appendicitis with generalized peritonitis.

An inflamed appendix is classified as simple or uncomplicated/
noncomplicated appendicitis and perforated appendicitis as complex or
complicated appendicitis. However, the so-called intermediate forms,
such as gangrenous appendicitis (GA), are perceived differently by
different studies.

The WSES updated the Jerusalem Guidelines on diagnosis and treatment
of AAin 2020. They recommend using an intra-operative grading system
for AA. A grading system can help to identify homogeneous groups of
patients and assist in determining the optimal postoperative management
according to the grade of the disease (3).

Two validated classifications systems are available: the grading system
proposed by Gomes and the Anatomic Severity of Disease Grading System
for Acute Appendicitis by the American Association for the Surgery of

Trauma (AAST) (4,5). Both grading systems are based on clinical, imaging
and operative findings and have been validated in prospective, observational
studies. An overview of these classifications is shown in Table 1.

Gomes further divides AA in non-complicated AA, grade 0 and grade 1,
and complicated AA, grades 2 to 4 (4). The AAST does not make this
distinction but remarks an increasing complication rate associated with
the severity grade (5).

The classification systems proposed by Gomes and the AAST do not
specifically take into account the purulent/suppurative appendix lacking
signs of perforation, which we believe warrants inclusion. A multicenter
analysis by Cramm showed that presence of gangrenous, suppurative
or exudative changes of a nonperforated appendix was associated with
an increased risk of organ space infections and prolonged postoperative
length of stay (6). Do-Wyeld also describes advanced appendicitis as
gangrenous or suppurative appendicitis without perforation (7).

To address this gap, we suggest the classification outlined in Table 2.

We decided not to divide AA into uncomplicated and complicated
appendicitis because of the heterogeneous definitions of (un)complicated
appendicitis. We will use the grading classification described in Table
2 since it clearly describes the surgical findings and the continuum of
severity of AA.

As mentioned before, in this paper we will not discuss appendicitis
presenting with a phlegmon or abscess (grade 4) since this was beyond
the scope of this review. We do acknowledge that for a complete treatment
protocol, a specific literature search on these subtypes should be done.

Duration and administration of antibiotics

Based on the aforementioned literature review, we made a proposition
for duration for antibiotic therapy for the different subtypes of AA. An
overview of the protocol is shown in Figure 2.

Grade 1: Simple, acutely inflamed appendix

While there was one article suggesting that 2 postoperative doses of
antibiotics can reduce postoperative wound infections, there exists
a widespread consensus supporting a single preoperative dose of
prophylactic antibiotics, with no indication for postoperative antibiotic
administration (8). Antibiotics should be administered within 60 minutes
prior to skin incision (2,3,9,10). Hospital discharge should be scheduled
within 24 hours after surgery.

Grade 2: Purulent appendicitis

Our comprehensive literature review unveiled a paucity of articles
addressing this particular type of AA, with treatment protocols varying
from no intervention to a total duration of 7 days (7,11,12). Although
suppurative changes in a nonperforated appendix were associated with

AAST Grading System (5)

Intact but acutely inflamed appendix

Intact but gangrenous appendix

Perforated appendix with local contamination

Perforated appendix with peri-appendiceal phleg-
mon or abscess

Table 1: Overview of the grading systems by Gomes (4) and the AAST (5)
Grading by Gomes (4)
Grade 0 Normal looking appendix (Endoappendicitis/Periappendicitis)
Grade 1 Inflamed appendix (hyperemia, edema, = fibrin without or little pericolic fluid)
Necrosis
Grade 2 A — Segmental necrosis (without or small amount of pericolic fluid)
B — Base necrosis (without or small amount of pericolic fluid)
Inflammatory tumor
A — Phlegmon
Grade 3 ) . .
B — Abscess less than 5 cm without peritoneal free air
C — Abscess over 5 cm without peritoneal free air
Grade 4 Perforated — Diffuse peritonitis with or without peritoneal free air
Grade 5

Perforated appendix with generalized peritonitis
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Table 2: Classification of subtypes of appendicitis.

Our classification on which we further base our treatment protocol. It is
based both on the grading system of Gomes (4) and the AAST (5) with
inclusion of suppurative appendicitis.

Grade 1 Simple - inflamed appendicitis: intact, hyperemic, edemic
appendix
Purulent appendicitis with or without purulent fluid: thick-
ened, yellowish discoloration of the appendix, no signs

Grade 2 of perforation, with or without purulent liquid adjacent
to the appendix, not extending to other intra-abdominal
quadrants

Grade 3 Gangrenous appendicitis: appendiceal wall necrosis, no
signs of macroscopic perforation
Inflammatory tumor

Grade 4 e A— Phlegmon
* B —Abscess
Perforated appendicitis: visible hole in the appendix,
intraperitoneal faecolith

Grade 5 o A - With localized peritonitis: peritonitis/contamination in
the right lower quadrant and/or pelvis
o B — With generalized peritonitis: peritonitis/contamina-
tion outside the right lower quadrant and pelvis

an increased risk of organ space infection and prolonged hospital stay
in a large retrospective study, the complication rate after withdrawal or
limiting of postoperative antibiotics to 24 hours from the clinical pathway
remained the same even in two prospective studies with gangrenous
appendicitis (6,13,14).

Most studies try to facilitate discharge and minimize resource usage, yet
some set ambitious treatment goals, as seen in the approach of Do-Wyeld
et al., who treated all the advanced forms of AA, including suppurative
AA, for a duration of 7 days (7). This seems however largely overshooting
since this is a longer treatment duration compared to the treatment of
some patients with a perforated appendicitis, which we will discuss
below. Contrary to this, a retrospective study showed that adhering to
48 hours of postoperative antibiotics for purulent appendicitis, did not
increase the risk of infectious complications in comparison to longer
treatment durations (11) . Also, Cunningham subdivides suppurative

appendicitis as uncomplicated appendicitis and thereby implies to not
treat it with antibiotics (12). This is in line with recent literature where
a propensity-matched study showed that postoperative antibiotics
could be omitted. The study could not show a significant difference
rate of surgical site infections (both incisional surgical site infections
as organ space infections) between patients who did or did not receive
postoperative antibiotics (15).

Since postoperative antibiotics were not associated with a clinically
meaningful reduction in rates of surgical site infections, nor omitting
of postoperative antibiotics results in an increase of surgical site
infections, we decided to not treat this subgroup of appendicitis with
postoperative antibiotics. We aim for discharge within 24hours after
surgery as for the simple, acutely inflamed appendix.

Grade 3: Gangrenous appendicitis (GA)

Considerable heterogeneity exists regarding the classification of GA,
with debates whether it should be categorized as uncomplicated or
complicated appendicitis or even a separate identity, leading to varying
treatment protocols (9,12,13,14,16,17,18-28,29). Some studies even
omit a distinct description of this subtype, inadvertently suggesting the
treatment of GA as if it were uncomplicated (30-35).

Similar to purulent appendicitis, the presence of GA correlates with

an increased risk of surgical site infections (6). However, adopting the

same treatment strategy for GA as for perforated appendicitis may

lead to unnecessary overtreatment. Evidence supporting postoperative

antibiotic use often relies on postoperative complication rates after
altering the standard of care, highlighting persistent issues of broad-
spectrum antibiotic overuse and prolonged therapy durations in surgical
settings. Local guidelines for GA management vary, ranging from two
single postoperative doses to 3-5 days in some centers (13,36) . Others
advocate for administering intravenous (IV) antibiotics until clinical
discharge with or without leukocyte count checks before discharge
(29,37) .

Cramm demonstrated that for both suppurative and GA there is no
difference in rates of surgical site infections whether antibiotics
are administered or not (15). We therefore advice to not administer
postoperative antibiotics for GA and treat GA identical to suppurative
and simple appendicitis.

Peroperatively a GA with in addition a local peritonitis (i.e. seropurulent or

Figure 2: Protocol for postoperative antibiotic treatment in acute appendicitis.
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Abbreviatons: AB = antibiotics, IV = intravenous treatment, PO = Per Os = oral treatment, WBC = white blood cell.
The dotted line is meant to show that gangrenous appendicitis is only treated with postoperative antibiotics if it is associated with local peritonitis.
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fecal contamination of the peritoneum) can be seen. A microperforation
is expected in this case. We could not deduct a clear advice on how to
treat this subtype based on the literature review. We decided to treat a
GA with local peritonitis similarly to macroscopic perforated appendicitis
with local peritonitis, but we do acknowledge that this approach is expert-
based. It is therefore debatable and should be prospectively analyzed.

Grade 5: Perforated appendicitis

In our literature review we found opposing recommendations on the
duration of antibiotic treatment for perforated appendicitis and on the
decision whether or not oral antibiotic treatment after discharge is
necessary and, if so, whether a white blood cell (WBC) count at discharge
is necessary to define if switch to oral antibiotics is possible.

The WSES guidelines from Jerusalem recommends transitioning from
intravenous to oral antibiotics after 48 hours in perforated appendicitis,
with a total treatment duration shorter than 7 days (3). However, they do
not specify criteria for determining the timing of this switch. It's important
to note that this recommendation is based largely on expert opinion and
only supported by a limited number of studies. Whereas the consensus
statement of the SPIGC in 2021 from Italy advices to treat complicated
appendicitis (defined as a grade 4-5 AA according to table 2) for minimum
of 3-5 days and to discontinue IV antibiotics depending on WBC count,
fever and normalization of bowel function (10).

We decided to divide the management of perforated appendicitis in
localized and generalized peritonitis because the more extensive the
contamination, the higher the risk of postoperative complications and
increased use of resource utilization (longer duration of antibiotics,
narcotic analgesia, parenteral nutrition, postoperative imaging) is seen
(38—40).

The subtypes of perforated appendicitis require different duration of
antibiotic treatment, but the same clinical discharge criteria apply for
both localized and diffuse peritonitis.

The four clinical discharge parameters, that each patient must meet

before discharge, are (16,24,28,33,41-43):

1. Afebrile (<38°C) for 24hours

2. Minimum 75% of the normal oral intake

3. Pain under control with oral analgesics (paracetamol and/or
ibuprofen)

4. Age-appropriate mobility

Grade 5A - Localized peritonitis

We found 4 studies advocating for intravenous (IV) antibiotic treatment
until meeting clinical discharge criteria, without continuation of oral
antibiotics at home or leukocyte count assessment before discharge
(1,12,44,45). However, most other studies utilize leukocyte count as a
discharge criterion (17,22,23,38,43,46-52). Depending on the study,
an elevated leukocyte count may result in continuation of IV antibiotics,
discontinuation of antibiotics or guide the duration of oral antibiotics
after discharge.

Even though an analysis suggests that post-discharge organ space
infections may not reliably predicted by routine WBC counts before
discharge, we have opted to include leukocyte count assessment at
discharge to determine antibiotic duration in children with perforated
appendicitis given the prevalence of articles using leukocyte count as a
discharge criterion and alignment with the SPIGC consensus statement
(53). For localized peritonitis, we recommend initiating IV antibiotic
treatment for a minimum of 48 hours, following the WSES guidance.
Transitioning to oral antibiotics is done after 48 hours if clinical discharge
criteria are met (3).

Although 2 other studies advice that not all patients with complicated
appendicitis should be discharged with antibiotics after appendectomy
we suggest a minimum total treatment duration of 5 days (IV plus oral
treatment) which is largely in line with the SPIGC consensus statement
(10,(54,55). In particular, two studies noted a potential trend toward
undertreatment in children receiving less than 5 days of treatment,
leading to increased intra-abdominal abscess rates (48,56). Regarding

the total duration of postoperative antibiotic treatment, we differentiate
between 5 and 7 days based on the leukocyte count at discharge. A
normal leukocyte count (<12,000/uL) allows discharge with a total
treatment duration of 5 days total (IV and oral antibiotics combined).

An elevated leukocyte count (>12,000/uL) allows discharge but requires
a total treatment duration of 7 days, consistent with various study
protocols (22,23,33,49,50).

Grade 5B - Generalized peritonitis

WSES guidelines recommends a switch to oral therapy after 48 hours, but
multiple treatment protocols still treat at least 72hours IV for perforated
appendicitis with localized or generalized contamination (3,17,23,49,57).

Wakeman et al. more specifically saw a reduction of surgical site
infections when they created a clinical practice guideline in which they
advise IV therapy for at least 72hours postoperatively and they continue
IV therapy until the WBC count is normalized before transitioning to
oral antibiotics (17). This latter practice is confirmed by Fallon et al,
showing that an elevated WBC count is associated with intra-abdominal
abscess formation. In particularly, 50% of patients with an WBC count
over 14,000/uL developed an intra-abdominal abscess. But even then
there is ambiguity considering treatment duration as they do not continue
antibiotics at home if normalization of WBC count occurred (43).

Although not based on clear evidence, WSES guidelines advice to use
an overall length of therapy shorter than 7 days. However, there are still
different studies and treatment protocols advising a longer treatment
duration of 10 days.

Theodorou et al. apply a treatment duration of 10 days for patients
with an elevated WBC count at discharge (42). Wakeman et al. treat all
complicated appendicitis for a total of 10 days (17). Simo¢ et al. treat an
appendicular peritonitis for 7 to 10 days without further specification
(36). Lastly Lam et al. successfully studied the effect of implementing a
standardized care pathway in the Alberta Children’s Hospital in Calgary.
Their guideline makes a differentiation between perforated and diffuse
peritonitis. Diffuse peritonitis is treated with IV antibiotics until clinical
discharge criteria are met and a normalization of WBC is reached.
Subsequently they switch to oral antibiotics to finish a course for a total
of 7-10 days. The final duration of the antibiotic therapy, varying between
7 and 10 days, is based on clinical judgement, without further definition
of what this implies (37,58).

Considering the higher risk of postoperative complications with more
diffuse peritonitis, we decided to treat this category more strictly by
advising at least 72hours of IV treatment. After 72hours a transition to
oral antibiotics can be made when clinical discharge criteria are met.
To avoid further treatment duration based on clinical judgment, we
decided to use the WBC count as a decisive parameter. If the WBC count
at discharge is <12.000/ul, we recommend a total treatment duration
of 7 days. If the WBC count is elevated (>12.000/pl) a total treatment
duration of 10 days is applied.

Type of antibiotics

The most common bacterial species isolated from peritoneal cultures
are Escherichia coli, Streptococcus milleri/anginosus, Bacteroides fragilis
and Pseudomonas Aeruginosa (26,59,60).

For prophylactic antibiotic administration in the case of uncomplicated
appendicitis cefazoline with metronidazole is used.

For postoperative antibiotic treatment, we use amoxicillin-clavulanate
as first choice of antibiotics, both for IV as oral treatment of perforated
appendicitis, according to our local antibiotic guidance.

In case of penicillin allergy, we recommend the combination of
ciprofloxacin and metronidazole (17,28). While amoxicillin-clavulanate
adequately covers E. coli (except for Extended-spectrum beta-lactamase),
B. fragilis and S. anginosus/milleri, it does not treat infections with
P. aeruginosa. However, studies investigating the use of broad-spectrum
antibiotics covering P. aeruginosa, such as piperacillin-tazobactam,
could not demonstrate a beneficial effect of broad-spectrum treatment
compared to narrower treatment. Narrower treatment mostly consisted of
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ceftriaxone combined with metronidazole (31,35,61-66). We decided to
follow our local antibiotic guidance and treat with amoxicillin-clavulanate.

Discussion

We created a treatment protocol for postoperative antibiotic treatment
after appendectomy in the pediatric population since this was in our
opinion still missing in literature. An overview of the treatment protocol can
be seeninin Figure 2. Our aim is primarily to implement a straightforward
policy and to avoid further treatments based on a physician’s preference.
We opted for a transparent and evidence-based yet safe protocol taking
into account the clinical evolution of the patient and implemented the use
of WBC counts to guide antibiotic duration trying to avoid unnecessary
overtreatment based on the physician’s preference.

Certain limitations in this study warrant acknowledgment. The studies
identified from the literature search varied in quality, encompassing
both prospective and retrospective analyses, often centered around
modifications in local treatment protocols without randomization. In
addition, the criteria guiding the establishment of these protocols
remained unclear in many instances. The inherent ambiguity surrounding
the topic prompted the inclusion of articles expressing divergent opinions
and advice regarding antibiotic treatment, complicating the delineation
of a definitive protocol. For some aspects of our protocol, such as
addressing purulent appendicitis, decisions had to be made with reliance
on scarce evidence.

Conclusion

Based on an extensive literature search, we made a proposition of a
treatment protocol for planned postoperative antibiotic treatment after
appendectomy. We plan to prospectively evaluate our treatment protocol
by evaluating surgical site infections in the first month postoperatively. In
addition, a prospective analysis of peritoneal cultures will be performed
to re-evaluate whether a change in type of antibiotic use is necessary.
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