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Background: There is limited evidence for the use of postoperative anti-

biotics for simple appendicitis (SA) in children. Our aim was to conduct a

prospective double-blinded randomized controlled trial to investigate this

after a laparoscopic appendicectomy.

Methods: Following ethical approval, children (�16 years) undergoing

appendicectomy were recruited at a single institution. Patients were random-

ized intraoperatively to receive either 2 postoperative intravenous doses of

placebo or antibiotics (Abx). All patients received a dose of Abx at induction

of anesthesia. Primary outcome was the incidence of postoperative wound

infection (WI), and secondary outcome was the incidence of intra-abdominal

abscess formation. Data are reported as number of cases (%), median (range),

relative risk, and analyzed using Mann Whitney U test, Chi-square test, as

appropriate, a P-value �0.05 was considered significant.

Results: A total of 304 patients were randomized. Sixty-one were subse-

quently excluded due to protocol violations or recruitment errors; therefore,

243 were included in the final analysis. One hundred twenty-two patients

received placebo and 121 Intravenous Abx. There was no difference between

the sex (50F/72 M vs 47F/74 M, P¼ 0.8), median age (12.4 vs 12.2 years, P¼
0.5), and postoperative length of stay in a hospital (27.2 vs 25.6 hours, P ¼
0.7). There was also no difference in the preoperative blood results. A total of

9 WIs occurred: 8/122 (6.6%) placebo versus 1/121 (0.8%) Abx, P ¼ 0.01

[relative risk for WI 1.83 (95% confidence interval: 1.145–2.201)]. There

were no intra-abdominal abscess in either groups.

Conclusions: This prospective randomized double blinded randomized con-

trolled trial has revealed a significant decrease in WI rates by giving 2 postopera-

tive intravenous doses of Abx, suggesting postoperative Abx are of benefit in SA.
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A ppendicectomy for acute appendicitis is one of the most
common emergency operations performed in childhood. Appen-

dicitis may be classified as either simple or complicated. Simple
appendicitis (SA) includes a macroscopically normal in appear-
ance or acutely inflamed appendix without the presence of a
perforation.1,2 Complicated appendicitis (CA) may be defined
as the presence of a macroscopic perforation, intra-peritoneal
faecolith, intraoperative mass or 4 quadrant purulent material.1,2

Although postoperative complications are more commonly
associated with CA, they still have a significant incidence after
surgical intervention for SA. An intra-abdominal abscess (IAAs)
occurs in 15%–20% of CA patients whereas only in 1% of SA
patients.2 There are still many aspects of both the intraoperative
technique and postoperative optimal management that remain
controversial. One of these is the use of postoperative antibiotics
(Abx) in SA.

In a survey of North American Pediatric Surgeons only 21.6%
(74/342) used preoperative Abx alone for the treatment of SA.3 A
Cochrane systematic review including adults and children has revealed
that the use of Abx is superior to placebo for the prevention of
postoperative complications.2 This included wound infections (WIs)
and IAAs regardless of the nature of the appendicitis.2 This review also
revealed that a single dose of preoperative intravenous Abx maybe
equivalent to utilization of a prolonged postoperative course. Minimi-
zation of the use of postoperative Abx has some advantages both for
antibiotic resistance and also potentially decreasing length of stay in a
hospital (LOS).4 However, the use of postoperative Abx for 24–
48 hours postoperatively is not in line with antibiotic prophylaxis
recommendations for a clean-contaminated procedure such as an
appendicectomy for uncomplicated appendicitis.5

Laparoscopy is the technique of choice in our tertiary pediatric
surgical center. The operative modality for the appendicectomy (open
or laparoscopic) has been previously controversial, because of the
possibility that it may affect the incidence of postoperative compli-
cations such WI and IAAs; however, the laparoscopic approach is now
accepted practice in many pediatric centers.1,6,7 The practice of using
routine postoperative Abx after appendicectomy in our Department is
variable with the majority of surgeons using 2 doses, and others not
using any Abx in the postoperative period.

Our aim was to perform a prospective double-blinded
randomized controlled trial (RCT) comparing 2 postoperative intra-
venous doses of Abx to placebo to ascertain the incidence
of postoperative WI after a laparoscopic pediatric appendicectomy.
Our primary outcome was the incidence of postoperative WI, and

secondary outcomes were the incidence of IAA and LOS.

www.annalsofsurgery.com | 1

authorized reproduction of this article is prohibited.

mailto:ram.nataraja@monashhealth.org


CE: D.C.; ANNSURG-D-19-01803; Total nos of Pages: 5;

ANNSURG-D-19-01803

Mennie et al Annals of Surgery � Volume XX, Number XX, Month 2019
METHODS

Ethics and Trial Registration
The study was approved by the institutional Human

Research Ethics Committee (HREC: REC11282B) and was regis-
tered with the Australian New Zealand Clinical Trials Registry
(ACTRN12611000919910) before the recruitment of patients.

Study Protocol, Participant Assignment and
Randomization Process

The prospective double-blinded RCT was designed as per the
recommendations of the CONSORT Statement.8 Pediatric patients (�16
years old) presenting with suspected appendicitis were recruited at the
time of a decision for them to undergo operative intervention. Written
consent was obtained from both the legal guardian and if appropriate
from the patient themselves. All patients received a preoperative dose of
intravenous cephazolin and metronidazole within 60 minutes of the
procedure. After intraoperative confirmation of the diagnosis of SA,
patients were randomized using the sequentially numbered opaque
sealed envelopes technique (SNOSE) within the anesthetic trial kits.9

These had been previously prepared in batches by a pediatric pharmacist
who was not directly involved in the trial. The anesthetic trial kits were
retrieved at the time of SA diagnosis by the anesthetic nurse. They
included; anesthetist’s protocol, research prescriptions, components to
create 100 mL bags of either 0.9% NaCl (placebo) or metronidazole and
50 mL bags of 0.9% NaCl (placebo) or cephazolin (reconstituted from
1 g vials as per the patient’s weight). Black covering bags were then used
to conceal the individual bags with external pharmacy approved labels.
This enabled both postoperative doses of either placebo or Abx to be
administered in a blinded fashion by the nursing staff. The surgical team
was not involved in any of this process apart from confirming that the
patient was eligible for inclusion based on the intraoperative macro-
scopic appearance of the appendix. Therefore, postoperatively patients
received either 2 doses of placebo or 2 further doses of intravenous
cephazolin and metronidazole. These intravenous postoperative doses
were administered at 8 hourly intervals as recommended by the phar-
macy. The duration of the 2 postoperative doses of intravenous Abx was
dictated by existing local institutional practice.

Patients were excluded if they had complex appendicitis,
significant signs of preoperative sepsis, significant co-morbidities
(eg, diabetes mellitus or immunosuppression) or allergies to the trial
Abx (cephazolin and metronidazole).

All patients were reviewed in the pediatric surgical outpa-
tients’ clinic between 2 and 4 week postoperatively, and also received
a telephone call from the primary researcher at 6 weeks. At this
telephone call, a structured interview was conducted to investigate if
there had been any redness, wound discharge, increasing pain,
pyrexia, review by a physician or antibiotic prescription because
discharge from hospital.

Outcome Measures
The primary outcome measure was the presence of a WI.

Secondary outcome measures included the incidence of an IAA and
the LOS. A WI was defined as the presence of purulent material from
the incision and need for antibiotic treatment as assessed by a
registered medical practitioner. An IAA was defined as a postopera-
tive pyrexia (>388C), increasing inflammatory markers (C-Reactive
protein and white cell count) and a radiologically confirmed IAA
(>5 cm) on ultrasound imaging. The LOS was defined as the time
from the operative intervention to discharge from hospital in hours.
Other parameters collected included; patient demographics, preop-
erative investigations (blood serology or radiological), and postop-

erative use of anti-emetics and opioid analgesia.
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Operative Technique
All eligible pediatric patients were recruited into the trial

regardless of the operative technique; laparoscopic (standard 2 �
5 mm, 1 � 10 mm port technique) or single incision appendicecto-
mies. The base of the appendix was secured with either 1 or 2 PDS
Endoloop (Johnson & Johnson, New Brunswick, New Jersey, USA)
ligatures. The resected appendix was removed utilizing a specimen
retrieval bag, and hence never came into contact with the operative
incisions. The operative technique remained unchanged in the trial
period and the laparoscopic technique had been standard practice at
this institution for many years.

Sample Size, Interim Analysis, and Stopping Rules
The primary outcome measure for this study was predetermined

to be the incidence of postoperative WI. An accepted WI rate after
appendicitis in children is reported to be 5%.10 It was calculated that
recruiting 285 patients to each arm of the trial would allow detection of
a clinically relevant difference of 4% reduction of WI to 1% (1-b¼ 0.9,
a ¼ 0.05). It was decided to perform an interim analysis when data
were available on the first 300 patients. The criteria for stopping the
trial earlier was defined as a significant difference (P< 0.01) between
the 2 arms in postoperative WI. The P-value was set low at 0.01 as per
recommendations for stopping trials early.11,12

Data Analysis
Data are reported as number of cases (%), median (range),

relative risk, and analyzed using the Chi-square test and Mann-
Whitney U test. Normality distribution was tested using the D’Agos-
tino and Pearson test. A P-value �0.05 was considered significant.
Statistical analysis was conducted using PRISM 7 (GraphPad Prism
version 7.04; GraphPad Software, La Jolla, CA).

RESULTS

Participants
A total of 304 pediatric patients were recruited and random-

ized into the trial during the 6-year study period (March 2012 to
February 2018). Recruitment into the trial was affected by the loss of
personnel between 2013 and 2014. The main reason for patients not
meeting the inclusion criteria once screened was the presence of
intraoperative CA when a preoperative diagnosis of SA had been
made. After the planned interim analysis of the first 300 patients, the
trial recruitment was closed due to a statistically significant differ-
ence in primary outcome measure between the 2 groups and because
of the 6 years’ time period.

Of these 304 patients 61 were excluded due to either protocol or
recruitment violations; therefore, a total of 243 patients underwent the
final analysis. The consort flow diagram is represented by Figure 1.
Forty-eight patients with CA were erroneously randomized due to the
trial pack being opened before the final intraoperatively diagnosis
being confirmed. These were therefore, excluded from the final
analysis. There were no differences in the sex, age, or other demo-
graphic factors of these patients. There was also no difference in their
preoperative blood investigations including the white cell count,
neutrophil count, or C-reactive protein. This is summarized in Table 1.

Operative Technique
All 243 patients underwent a minimally invasive procedure

with 94.2% (229/243) undergoing a 3-port standard laparoscopic
appendicectomy and 5.8% (14/243) a single incision laparoscopic
procedure. None of the laparoscopic procedures were converted to an
open appendicectomy. All patients underwent shielded appendix

removal via specimen retrieval bag via the umbilical port.
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FIGURE 1. Consort diagram and flow chart of the study.
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TABLE 1. Summary of the Patient Demographics and Preop-
erative Investigations

Placebo Abx P-value

Total patients 122 121 –
Sex 50,:72< 47,:74< P ¼ 0.8
Median age (range) 12.4 (5.7–16.0) 12.2 (5.2–16.0) P ¼ 0.5
White cell count 12.0 (3.7–23.0) 13.0 (0.0–34.6) P ¼ 0.1
Neutrophil count 8.4 (1.6–22.0) 9.8 (1.8–28.0) P ¼ 0.5
C-reactive protein 9.5 (0.0–168.0) 10.0 (0.0–117.0) P ¼ 0.8

Mennie et al Annals of Surgery � Volume XX, Number XX, Month 2019
Primary Outcomes
A total of 9 WIs occurred: 8/122 (6.6%) placebo versus 1/121

(0.8%) Abx, P ¼ 0.01. These WIs all occurred in the umbilical port
site. The relative risk for developing a WI in the placebo group was
1.825 (95% confidence interval: 1.145–2.201). The number to treat
was 2.489 (95% confidence interval: 1.902–71.98). One of the WIs
in the placebo group (12.5%) required a return to the operating
theatre for an umbilical wound lavage. The remaining WIs resolved
with a 5 to 7-day course of oral single antibiotic therapy.

Secondary Outcomes and Other Clinical Outcomes
There were no IAAs in either of the 2 groups. There were no

differences between the 2 groups in terms of their LOS, use of
postoperative anti-emetics, or the incidence of postoperative pain
requiring opioid administration (Table 2).

Follow-up
A total of 184/243 (75.7%) of the patients attended their

outpatient appointment for review at 4–6/52 preoperatively. Of the
59 patients who did not attend (31 Placebo & 28 Abx) all of them were
successfully contacted via telehealth in the subsequent weeks. The
median follow-up time was 6.0 weeks (2.0–25.9). No patients in the
trial were lost to follow-up. Five patients were readmitted in the
postoperative period. Of these 2 in the Abx group were readmitted
with abdominal pain issues. This occurred at postoperative day 4 and
11, there were unremarkable clinical examinations and investigations
(USS and bloods). One patient in each group represented with abdom-
inal pain associated with ovarian pathology confirmed on ultrasound
investigation more than 2 weeks postoperatively.

DISCUSSION

In our prospective double-blinded RCT we have found that 2
postoperative doses of intravenous Abx reduce the incidence of WIs
after a laparoscopic appendicectomy for SA. The incidence of a WI is
significantly increased with a single preoperative antibiotic dose from
0.8% to 6.6%.

The Cochrane review found that there was no difference in the

postoperative complications with a single intravenous dose compared

TABLE 2. Summary of the Primary and Secondary Outcomes

Pla

Wound infections (%) 8 (6
WI postoperative day: median (range) 5 (
IAA
Postoperative anti-emetic use 47/122
Doses of postoperative anti-emetics: median (range) 1 (
Postoperative opioid use 58/122
Doses of postoperative opioid: median (range) 2 (

IAA indicates intra-abdominal abscess; WI, wound infection.

4 | www.annalsofsurgery.com

Copyright © 2019 Wolters Kluwer Health, Inc. Un
to multiple doses of Abx.2 However, the majority of the included
studies were adult-based populations. In their subset analysis of the 7
included pediatric trials, although the nature of the disease and its
treatment were comparable, they demonstrated a nonsignificant reduc-
tion in infection rates with Abx versus placebo.2 This review indicated
that a single dose has the same impact as multiple doses postopera-
tively, although they did not compare these outcome measures
directly.2 However, based on these findings and a further systematic
review, the American Pediatric Surgical Association recommends a
single preoperative dose of intravenous Abx with SA.13

Clinical practice is very variable in regard to the number of
doses of Abx administered. In a survey of North American Pediatric
Surgeons, only 21.6% solely used preoperative Abx with variable rates
up to 48 hours postoperatively.3 This variability in clinical practice has
been indicated in other regions.14–16 Our study has revealed that 2
postoperative doses of Abx in SA are sufficient to avoid complications
in 99.2% of pediatric patients. Therefore, postoperative courses with a
longer duration should be avoided as this has implications with the
development of Clostridium difficile, methicillin-resistant Staphylo-
coccus aureus and multidrug-resistant Gram-negative bacteria.

Our study relied on the intraoperative diagnosis of SA as per
the primary operating surgeon. A considerable interobserver vari-
ability in the classification of appendicitis during laparoscopy has
been demonstrated.17 However, only 2 patients in our cohort were
incorrectly classified as SA with histologically proven perforated
appendicitis. These patients had been excluded from the trial but
neither experienced any postoperative complications. The double-
blind nature of our RCT also decreased the level of any potential bias,
as apart from this intraoperative diagnosis neither the surgeon nor the
nursing staff was involved in randomization and group allocation.
Patients who were not recruited into the trial did not have their
outcomes monitored due to the lack of parental consent. However, it
would have potentially been interesting to compare these groups.

Our study examined the use of 2 postoperative intravenous
doses of Abx, although there is also the potential that these doses may
be administered via the oral route. This oral administration could
potential decrease the LOS after an appendicectomy as documented
in children after CA.18,19 However, the use of intravenous Abx in our
trial protocol was guided by our current local institutional guidelines.

As with a pediatric prospective RCT there were recruitment
challenges into the trial. This was compounded by the loss of
dedicated research personnel between 2013 and 2014. Recruitment
issues into RCT can be problematic, as demonstrated by a study of 2
UK funding agencies that revealed only 31% of RCTs achieved their
original recruitment target.20

There was no significant difference in the LOS between the 2
arms of the trial (Fig. 2). We defined the LOS as the time from the
operative intervention to discharge from hospital. This had been
chosen as there were a number of different factors that could have led

to a delay in the appendicectomy including presenting overnight.

cebo Abx P-value

.6%) 1 (0.8%) P ¼ 0.01
3–7) 3 (N/A) –
0 0 –
(38.5%) 38/121 (31.4%) P ¼ 0.3

1–5) 1 (1–6) P ¼ 0.14
(47.5%) 59/121 (48.7%) P ¼ 0.9

1–8) 1 (1–5) P ¼ 0.31
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FIGURE 2. Length of stay of the placebo
and antibiotic group.

Annals of Surgery � Volume XX, Number XX, Month 2019 Use of Postoperative Antibiotics
However, as all patients remained in hospital for the 2 doses of
intravenous placebo or cephazolin and metronidazole, interpretation
of this LOS result is limited.

All of the appendix specimens in the trial were retrieved from
the peritoneal cavity in a shielded manner with a specimen retrieval
bag. The WI rate of 6.6% in the placebo group; therefore, indicates
that this is not the mechanism for developing this complication. A
possible alternative mechanism is the presence of bacteria in the
peritoneal fluid itself that leads to seeding within the operative
wounds. The clinical effects of this are countered with the additional
use of postoperative antibiotic.

There were also no IAAs in either of the trial arms. Although an
IAA is more common after CA a rate of 1% has been suggested in SA.21

A limitation of our trial was that it was powered to detect a change in the
incidence of WIs rather than IAAs. The study was also limited by the
small numbers of WIs in the 2 groups, the occurrence of any more WI in
either groups could potentially have a significant impact on the results.

In conclusion, our double-blinded RCT has demonstrated that
2 postoperative doses of intravenous Abx reduce postoperative
wound complications in children undergoing laparoscopic appendi-
cectomy for SA.
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