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Abstract

Introduction: Postoperative antibiotic treatment is indicat-
ed for 3-5 days following appendectomy for complex ap-
pendicitis. However, meeting discharge criteria may allow
for safe discontinuation of antibiotics and discharge. This
study assessed the association between time to reach dis-
charge criteria and duration of postoperative antibiotic use
and length of stay. Methods: This is a multicenter retrospec-
tive cohort study including patients who underwent appen-
dectomy for complex appendicitis and received postopera-
tive antibiotics for >24 h. Main outcome measures were time
to reach discharge criteria, duration of postoperative antibi-
otic use, length of hospital stay, and postoperative infectious
complications. Discharge criteria were defined as absence of
fever (temperature <38°C) for 24 h, ability to tolerate oral in-
take, and pain controlled by oral analgesics. Results: Be-
tween May 2014 and January 2015, 124 patients were includ-
ed. Time to reach discharge criteria was 2 days (interquartile
range [IQR] 1-3). Patients received postoperative antibiotics

and were in hospital for a median of 5 (IQR 3-5) and 5 (IQR
4-6) days, respectively. Infectious complications occurred in
12% and did not differ between patients reaching discharge
criteria before or after 2 postoperative days. Discussion: Dis-
charge criteria were met by a median of 2 days after appen-
dectomy for complex appendicitis. This suggests that post-
operative antibiotics duration and thereby hospital stay can
be reduced. In daily practice, prescribed antibiotics are not
reduced in total days given. Prospective studies that evalu-
ate limited postoperative antibiotic use, based on these cri-

teria, are necessary. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Acute appendicitis is a common disease. Appendicitis
can be classified as simple (nonperforated, phlegmonous
inflammation) or complex (necrosis, perforation, and/or
abscess) [1]. Complex appendicitis is associated with a
higher rate of infectious complications compared to sim-
ple appendicitis [2-4]. To treat secondary peritonitis and
reduce infectious complications, guidelines recommend
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postoperative intravenous (IV) antibiotics (ABs) in pa-
tients with complex appendicitis [5-9]. The optimal du-
ration of AB treatment remains a topic of debate [2, 3,
10-15]. Prolonged and ineffective use of antimicrobials is
associated with the development of bacterial resistance
[16]. Therefore, it is important to define the optimal post-
operative AB regimen for complex appendicitis. Further-
more, improving treatment efficiency by reducing post-
operative length of stay may reduce healthcare costs and
improve treatment satisfaction. Reducing length of hos-
pital stay has become all the more relevant in light of the
COVID pandemic.

The recently updated Dutch guideline on acute appen-
dicitis recommends a minimum of 3 days of postopera-
tive ABs for complex appendicitis, starting with IV ad-
ministration. In daily practice, ABs are often given for 5
postoperative days (PODs) [6, 15]. The guideline does not
specifically address the duration of IV treatment. Recent
studies reported on criteria that need to be met for a pa-
tient before discharge from the hospital [12, 17-27].
These discharge criteria include absence of fever (for 12
or 24 h), ability to tolerate oral intake, adequate pain con-
trol with oral analgesics, and a normal white blood cell
(WBC) count. Some studies validated these discharge cri-
teria [12, 20, 21, 23]. Meeting these discharge criteria may
also allow for discontinuation of (IV) ABs. In most stud-
ies, only children were included and ABs were continued
with an oral prescription. The complication rates for chil-
dren discharged from hospital after meeting discharge
criteria were similar to a historical control group receiv-
ing a pre-defined duration of postoperative ABs [20-23].
Only 2 studies included adult patients, and one of them
used discharge criteria but only after 3 days of postopera-
tive AB treatment [12, 25].

The aim of this study was to assess the association be-
tween time to reach discharge criteria and length of ad-
ministration of ABs in pediatric and adult patients with a
complex appendicitis. We hypothesized that the use of
discharge criteria may reduce the duration of postopera-
tive ABs and length of stay.

Methods

All consecutive patients who underwent an appendectomy in 6
teaching hospitals in the Southwest of the Netherlands (1 academ-
ic center, 5 teaching hospitals) from June 2014 to January 2015
were selected from the hospital administration databases. This pa-
tient population was previously described in a study on risk factors
for surgical site infections (SSIs) [4]. For the present study, patients
were included if they had a complex appendicitis and received
postoperative ABs for at least 24 h. Complex appendicitis was de-

Antibiotics and Discharge after
Appendectomy

Table 1. Baseline characteristics of the study group (n = 124)

Male sex, n (%)
Age, median (IQR), years
ASA score, n (%)

75 (61)
36 (22; 55.75)

ASA | 85 (69)

ASAI 33(27)

ASA I 6 (5)
Surgical approach, n (%)

Laparoscopic 112 (90)

Open 12(10)
Type of appendicitis, n (%)

Gangrenous (nonperforated) 35(28)

Perforated 75 (60)

latrogenic perforation 14(11)
Prescribed AB duration, median (IQR)*, days 5(3;5)
Prescribed AB duration, n (%)*

<3 days 5(4)

3 days 53 (43)

5 days 60 (49)

>5 days 5(4)

IQR, interquartile range; ASA, American Society of Anesthesiolo-
gists; AB, antibiotic(s). * 1 missing.

fined as a gangrenous or perforated appendicitis (including iatro-
genic perforation) or appendicitis in the presence of purulent peri-
tonitis or abscess (based on the operative notes of the surgeon).
Exclusion criteria were interval appendectomy (appendectomy af-
ter resolution of the acute inflammation) or appendectomy for an
indication other than acute appendicitis (e.g., chronic appendici-
tis, suspected malignancy).

All patients were treated according to the Dutch guideline on
acute appendicitis, published in 2010 [5]. This includes adminis-
tration of preoperative AB prophylaxis within 30 min before skin
incision followed by 3-7 days of postoperative ABs in patients with
a complex appendicitis. Most patients received cefuroxime and
metronidazole as postoperative regime. In the preoperative set-
ting, cefazolin and metronidazole were given. Operative approach
depended on the preference of the surgeon. This study has been
approved by the Institutional Review Board (Medical Ethics Com-
mittee) of the Erasmus Medical Center.

Data were extracted from electronic patient charts, including
operation and pathology reports. Pre- and intraoperative data in-
cluded sex, age, American Society of Anesthesiologist (ASA) clas-
sification, and operative approach (laparoscopic or open appen-
dectomy). Laparoscopic operations that were converted to open
were classified as open appendectomy. Collected postoperative
data included daily body temperature, type of pain medication,
ability to tolerate oral intake, duration and route of administration
of postoperative ABs, length of hospital stay, and postoperative
complications (including superficial SSI, intra-abdominal abscess
[TAA], pneumonia, urinary tract infection, cardiovascular, ileus,
bleeding, and mortality). Data on WBC count and C-reactive pro-
tein were not retrieved. Routine blood tests for C-reactive protein
and WBC are not recommended in the Dutch guidelines. The se-
verity of the complications was assessed using the Clavien-Dindo
classification (grade I-V) [28].
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Table 2. Postoperative outcomes (n = 124)

Time to reach discharge criteria, median (IQR), days 2(1-3)
Time between discharge criteria and length of ABs treatment, median
(IQR)*, days 2(1-4)

Time between discharge criteria and length of stay, median (IQR)*, days 3(2-4)
Cumulative no. of patients having met discharge criteria, n (%)*

POD 1 56 (46)

POD 2 81 (67)

POD 3 98 (81)

POD 4 111 (92)

POD 5 117 (97)

>POD 5 121 (100)
Received AB duration, median (IQR), days 5(3;5)
Received AB duration in days, n (%)

2 days 2(2)

3 days 34 (27)

4 days 2(2)

5 days 64 (52)

>5 days 22(17)
Deviation from prescribed AB duration, n (%)** 44 (33)

Reduced 3(2)

Prolonged 40 (33)
Route of administration, n (%)***

IV only 80 (65)

IV/oral combination (IV/PO) 36 (29)
Length of stay, median (IQR), days 5(4;6)
Any postoperative complication, n (%) 26 (21

Infectious complications, n (%)

IAA, n (%)
SSI, n (%)

)
15(12)
14(11)
1(1)

POD, postoperative day; AB, antibiotic(s); IQR, interquartile range; IAA, intra-abdominal
abscess; SSI, surgical site infection; IV, intravenous. * 3 missing, ** 1 missing, *** 8 missing.

Outcome Measures

The two main outcome measures were time to reach discharge
criteria (in PODs) and postoperative infectious complications. In
this study, we defined discharge criteria as (1) absence of fever
(temperature <38°C) for 24 h, (2) ability to tolerate oral intake, and
(3) pain controlled by oral analgesics. Since body temperature is
often measured more than once a day, the highest temperature re-
ported on that day was used. Patients were considered able to toler-
ate oral intake when explicitly reported in the patient’s notes or
when the patient did not report feeling nausea and the patient did
not vomit and when there was no nasogastric tube in situ. Infec-
tious complications included IAA and SSI, defined according to the
Center for Disease Control (CDC) criteria (29). AnTAA is an infec-
tion that involves the abdominal part of the body deeper than the
fascial/muscle layers that is opened or manipulated during the op-
erative procedure. IAA can be diagnosed through imaging or dur-
ing reintervention, through purulent drainage from a drain placed
into the IAA, or isolation of organisms from a culture of the IAA
[29]. SSI can be either deep or superficial, involving the skin, sub-
cutaneous tissue, and/or deep soft tissues at the site of the incision.
Infectious complications were defined as IAA and SSI together.

Statistical Analysis
Infectious complication rates were compared between patients
that met discharge criteria within 2 days after appendectomy and
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patients that did not. The cut-off at 2 days was chosen based on the
recommendation by the Dutch Association of Surgeons Guideline
Committee (which applied during the study period) being 48 h of
postoperative IV AB treatment [5]. For assessing the relationship
between variables and study outcomes, the independent Student’s
T test or the Mann-Whitney test was used in case of continuous
outcome variables and the x* or Fisher’s exact test in case of cate-
gorical outcome variables, as appropriate. A value of p < 0.05 was
considered statistically significant. All analyses were performed
using SPSS software (IBM SPSS Statistics for Windows, Version
24.0. Armonk, NY: IBM Corp).

Results

Some 637 patients with acute appendicitis were identi-
fied from the multi-institutional database [4]. After ex-
clusion of patients without complex appendicitis (n =
453), administration of <24 h of AB (n = 31), and exclud-
ing patients from one hospital where registration was no
longer possible (n = 29), a total of 124 patients were in-
cluded. Baseline characteristics are shown in Table 1. The
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Table 3. Comparison of patients meeting

discharge criteria on POD 2 and after POD ~ Variable <POD2 >POD2 p value

2(I‘I=121)* (n=81) (n=40)
Male sex, n (%) 53 (65) 20 (50) 0.103
Age, median (IQR), years 36 (21; 55) 36 (22.25;54.75)  0.798
Laparoscopic approach, n (%) 71 (88) 38 (95) 0.203
Length of stay, median (IQR), days 5(4;6) 6 (5;8.5) 0.000
Received AB duration, median (IQR), days  5(3;5) 5(4.25;5) 0.311
Any postoperative complication, n (%) 12 (15) 13(33) 0.024
Infectious complication, n (%) 92(11) 6(15) 0.541
IAA, n (%) 8(10) 6 (15) 0.407
SSI, n (%) 1(1) 0 0.480

POD, postoperative day; IQR, interquartile range; AB, antibiotic(s); IAA, intra-abdominal
abscess; SSI, surgical site infection; Ns, nonsignificant. * 3 missing.

100
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N
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|

Fig. 1. Percentage of patients hospitalized
(blue), patients receiving antibiotics (or-
ange), and patients having met discharge
criteria (gray) for each POD over time.

m % of patients hospitalized
u % of patients still receiving antibiotics
1 % of patients did fulfil discharge criteria

median (interquartile range [IQR]) time to reach dis-
charge criteria was 2 (1-3) days. Sixty-seven percent of all
patients met discharge criteria within 2 days after surgery
(Table 2). Infectious complications occurred in 15 pa-
tients (12%). Patients were given postoperative ABs for a
median (IQR) duration of 5 (3-5) days.

Continuation of ABs after meeting discharge criteria
occurred in 103 of 124 patients (83%). Figure 1 shows the
percentage of patients hospitalized, patients receiving
ABs and patients having met discharge criteria for each
POD over time. On POD 3, 81% of all patients had met
all discharge criteria, yet on POD 4 70% of patients still
received ABs and 92% were still hospitalized.

Table 3 shows characteristics and outcomes for patients
that met the discharge criteria on POD 2 versus POD 3 or
later. The percentage of infectious complications was 12%
in patients that met discharge criteria before or on POD 2
versus 15% for patients that did not (p = 0.433).

Antibiotics and Discharge after
Appendectomy

Table 4 shows characteristics and outcomes for pa-
tients according to duration of AB treatment. There was
a discrepancy between the duration of ABs prescribed
and administered in 43 of 123 patients (35%). On the one
hand, patients received ABs for a median (IQR) of 5.5
(5-7) days, while the prescribed duration was for a me-
dian (IQR) of 3 (3-5) days. On the other hand, 3 of 123
patients (2.4%) were prescribed ABs for a median of 5
days but received ABs for a median (IQR) of 3 (3 to -)
days. The patients that received a shorter course of ABs
did not have more complications. In 14 patients, an IAA
occurred, and no differences in duration of achieving the
several discharge criteria, total duration of postoperative
AB treatment, and other risk factors like age, sex, and op-
erative approach (laparoscopic or open appendectomy)
were found in this group.
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Table 4. Comparison of patients receiving ABs for prolonged, per protocol or reduced duration (n = 123)*

Variable Prolonged Per protocol Reduced p value
(n=40) (n=80) (n=3)
Prescribed AB duration, median (IQR), days 3(3;5) 5(3;5) 5(5;-) 0.000
Received AB duration, median (IQR), days 55(5;7) 5(3;5) 3(3;-) 0.000
Discharge reached, median (IQR) 2(1;3 2(1; 3)** 2(1;-) 0.889
Length of stay, median (IQR), days 547 5(4;6) 4(3;-) 0.831
Any postoperative complication, n (%) 7(18) 18 (23) 1(33) 0.714
Infectious complication, n (%) 4(10) 11(14) 0 0.678
I1AA, n (%) 3(8) 11(14) 0 0.490
SSlI, n (%) 1(3) 0 0 0.351

IQR, interquartile range; AB, antibiotic(s); IAA, intra-abdominal abscess; SSI, surgical site infection; Ns, nonsig-

nificant. * 1 missing, ** 3 missing.

Discussion

Previous studies have shown that criteria can be used
to safely discharge children after appendectomy for (com-
plex) appendicitis and that stopping ABs is safe when
these criteria are met [12, 17-27]. The present study
shows that discharge criteria are reached after a median
of 2 days in patients who underwent appendectomy for
complex appendicitis. This is much earlier than the ac-
tual discharge after a median of 5 days likely explained by
continuation of (IV) ABs in line with the Dutch guideline
(5, 6, 15]. The Dutch guideline recommends 3-5 days of
postoperative AB treatment irrespective of clinical status
of the patient. Hence, applying discharge criteria in daily
practice as a way to reduce postoperative AB use may be
feasible as postoperative infectious complications were
not different between the groups. This policy could result
in a substantial reduction of AB use and earlier discharge.
In a time where AB overuse and resistance is a well-rec-
ognized issue, restriction of AB treatment is warranted.
Furthermore, use of these discharge criteria may lead to
reduction of hospital stay and savings in hospital costs in
the future.

This is the first study to demonstrate a potential reduc-
tion in median AB treatment duration and hospital stay
of 2 and 3 days, respectively. Previous studies in children
showed reduced hospital stay by 1.5 day at most [22, 23].
Complications occurred in 21% of patients after appen-
dectomy for complex appendicitis, which is in line with
another study [2]. IAA is the most common complication
[3,21,30-36], seenin 11% of patients in the present study.
Risk factors for these complications have been identified
[2-4]. Duration of postoperative AB treatment was not
an independent factor affecting complication rate in most
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studies. Hence, the present study suggests that AB use
could be reduced and patients can indeed be discharged
safely before POD 3. However, it may well be that con-
tinuation of postoperative ABs in patients that reached
discharge criteria on POD 2 was indicated based on judg-
ment by the surgeon. Prolongation of ABs beyond 2 days
may have prevented infectious complications. However,
a higher incidence of postoperative complications was
seen in patients that did not meet discharge criteria with-
in 2 days compared to patients that did. This implies that
discharge criteria, if not met within 2 days, indicate a cer-
tain risk for developing of a postoperative complication.
Yet, it remains unclear whether prolonging/continuing
AB treatment until criteria are met can prevent complica-
tions. However, it seems reasonable to keep these patients
admitted for continued observation and consider addi-
tional laboratory tests and/or imaging studies.

The main limitation of this study is the retrospective
design. The true individual reasons for prolongation or
reducing AB treatment (compared to the prescribed du-
ration) are not clear, and the clinical judgment on pa-
tient’s well-being could have played a role. In addition,
it is unclear for what reasons patients remained hospi-
talized when their condition according to the criteria
would allow discharge. Maybe discharge criteria were
not used in clinical practice to guide termination of ABs.
Thirty-five percent of all patients did not receive the pre-
scribed duration of ABs. Nevertheless, for the patients
that received ABs as per protocol, most met discharge
criteria well prior to AB treatment cessation. And in
only 3 patients AB treatment was stopped before the
aforementioned fixed duration. Due to the small study
population, no definite conclusions can be drawn from
these results.
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Conclusion

The present results suggest that AB use and length of
hospital stay after appendectomy for complex appendici-
tis can be reduced. Prospective studies that evaluate lim-
ited postoperative AB use are necessary to confirm that
the benefits outweigh a possible harm.
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