World J Surg (2012) 36:2028-2036
DOI 10.1007/500268-012-1641-x

Antibiotics as First-line Therapy for Acute Appendicitis: Evidence

for a Change in Clinical Practice

Jeanette Hansson - Ulla Korner - Karin Ludwigs *
Erik Johnsson - Claes Jonsson + Kent Lundholm

Published online: 9 May 2012
© Société Internationale de Chirurgie 2012

Abstract

Background Randomized studies have indicated that
acute appendicitis may be treated by antibiotics without the
need of surgery. However, concerns have been raised about
selection bias of patients in such studies. Therefore, the
present study was aimed to validate previous findings in
randomized studies by a full-scale population-based
application.

Methods All patients with acute appendicitis at
Sahlgrenska University Hospital (May 2009 and February
2010) were offered intravenous piperacillin plus tazobac-
tam according to our previous experience, followed by
9 days out-hospital oral ciprofloxacin plus metronidazole.
Endpoints were treatment efficacy and complications.
Efficient antibiotic treatment was defined as recovery
without the need of surgery beyond 1 year of follow-up.
Results A total of 558 consecutive patients were hospi-
talized and treated due to acute appendicitis. Seventy-nine
percent (n = 442) received antibiotics as first-line therapy
and 20 % (n = 111) had primary surgery as the second-
line therapy. Seventy-seven percent of patients on primary
antibiotics recovered while 23 % (n = 100) had sub-
sequent appendectomy due to failed initial treatment on
antibiotics. Thirty-eight patients (11 %) of the 342 had
experienced recurrent appendicitis at 1-year follow-up.
Primary antibiotic treatment had fewer complications
compared to primary surgery.
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Conclusions This population-based study confirms pre-
vious results of randomized studies. Antibiotic treatment
can be offered as the first-line therapy to a majority of
unselected patients with acute appendicitis without medical
drawbacks other than the unknown risk for long-term
relapse, which must be weighed against the unpredicted but
well-known risk for serious major complications following
surgical intervention.

Introduction

Acute appendicitis is a most common surgical disorder and
is still a clinical challenge [1, 2]. Appendectomy as treat-
ment was introduced around 1880 and became standard
therapy during the 20th century. However, interest in
antibiotic therapy as a possible primary treatment increased
during the last decade [3-6], although this is not a novel
thought [7]. Four randomized controlled trials comparing
antibiotics with appendectomy in adults with acute
appendicitis have been published [8—11]. Three of these
studies show similar results, with initial recovery for
88-95 % of patients treated with antibiotics [8—10]. The
recurrence rate in our previous study on unselected adult
patients appeared to be 10-15 % after 1 year in patients
treated by antibiotics, with fewer major complications such
as abscess formations, reoperations, and small bowel
obstructions.

However, promising results from randomized trials do
not automatically predict reproducible outcome in every-
day clinical praxis. The first randomized study invited only
men between 18 and 50 years old, with only around 20 %
of eligible patients included [8]. This indicates low external
validity and low generalizability. Other studies, included
both sexes but did not report the number of excluded
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patients [10, 11]. In our own study, based on unselected
men and women, the randomization procedure allowed
surgeons on charge to violate the intention-to-treat allo-
cation, which may create bias, although all eligible patients
were included in the final analyses [9]. Thus, cited ran-
domized studies and several retrospective reports indicate
that antibiotic therapy is safe and may represent an effec-
tive first-line treatment of acute appendicitis, although with
unknown long-term risk of recurrence or other complica-
tions [12—15]. The aim of the present study was therefore to
investigate the extent to which results from randomized
trials are valid in everyday clinical practice, i.e., to offer
antibiotic therapy for acute appendicitis as the first-line
therapy option to all patients with presumed acute appen-
dicitis based on clinical evidence.

Materials and methods

This prospective nonrandomized population-based study
was performed in the surgical clinics of Sahlgrenska Uni-
versity Hospital/Sahlgrenska and Sahlgrenska University
Hospital/Ostra, the two main hospitals in Gothenburg,
Sweden. The study population consisted of all consecutive
adult patients (>16 years old) with acute appendicitis
according to our established clinical practice, where
radiological CT examinations and ultrasound are used only
when the diagnosis appears uncertain [16, 17]. Thus, acute
appendicitis was based on several variables, including
anamnesis, abdominal status, laboratory tests, and radio-
logical examinations, only in doubtful cases to reduce
hospital costs and unnecessary radiation as recommended
[18]. The size of the population served by Sahlgrenska
University Hospital is around 575,000-600,000 individuals
with an estimated incidence of appendicitis around
0.10-0.12 %, which is in line with various figures for
Sweden during 2009 according to database information
provided by a Swedish medical authority (Socialstyrelsen)
as well as compared to estimates of our population before
our previous and present studies. Also, our prestudy values
indicated that around 18 % of patients with acute appen-
dicitis in the Gothenburg area displayed perforation and
around 82 %had nonperforated appendicitis at operation
(see Table 6 in [9]). No patients from our population area
were treated outside the present protocol as confirmed by
follow-up investigations in all our available databases.

Interventions

Our recommendation was to offer antibiotic therapy as the
first choice for treatment to all patients judged to have
acute appendicitis. However, the surgeon in charge could
decide to operate when deemed necessary based on

objective and subjective clinical reasons or when the
patient insisted on primary surgery according to our ethical
permission. Failing antibiotic treatment, judged clinically
as progression of abdominal status, increasing body tem-
perature, and lack of overall improvement within 12-24 h,
allowed subsequent appendectomy. Those who were
pregnant or who had recurrent appendicitis following pre-
vious randomized treatment with antibiotics [9] were
offered primary surgery. All patients on first-line antibi-
otics received intravenous antibiotics (piperacillin plus
tazobactam 4 g every 8 h) for at least three doses usually
within 24 h according to our previous experience [9].
During this time the patients were not allowed oral intake
but received intravenous fluids. Patients with improved
clinical status the next day (12-24 h) were discharged from
the hospital with oral antibiotics (ciprofloxacin 500 mg and
metronidazole 400 mg twice a day) for an additional
9 days [9]. Seventy surgeons performed all operations
according to the emergency staff organization in our
hospital.

Data collection and follow-up

Pre-, peri-, and post-treatment data were recorded accord-
ing to protocol. The surgeons were always obliged to grade
abdominal status at diagnosis and also state the reason for
surgery when deemed necessary [9]. Questionnaires,
including questions on remaining symptoms and abdominal
pain, experienced additional hospitalization, and any kind
of operation or relevant medical treatment, were sent to all
patients after 6 and 12 months. Medical hospital data files
for each patient were searched at a minimum of 1 year
after treatment and complications, recurrences, and reo-
perations were registered.

Outcome measures

Primary endpoints were treatment efficacy and major
complications. Efficient antibiotic treatment was defined as
recovery without the need for surgery for the primary
hospital stay and the 1-year follow-up should be without
recurrence. Surgical treatment was regarded as efficient
based on positive findings at exploration (appendicitis or
other surgical diagnosis). Negative findings at exploration
were regarded as surgical failure by protocol. Secondary
endpoints were minor complications, duration of hospital
stay and patient experience of abdominal pain or discom-
fort at follow-up.

Statistical analysis

The > test was used to check for differences between
proportions. Student’s ¢ test was used for comparisons of
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continuous variables between groups in order to apply high
statistical power, although some variables may not be
normally distributed without any bearing difference in this
kind of large material as specifically confirmed by non-
parametric statistics. p < 0.05 was considered significant in
two-tailed tests. SPSS ver. 17.0 (SPSS, Inc., Chicago, IL,
USA) was used for the statistical calculations.

The study was approved by the regional Committee of
Ethics in Gothenburg, Sweden (367-08).

Results

Between May 2009 and February 2010 a total of 558
consecutive patients were hospitalized due to acute
appendicitis and were all offered antibiotics as their first-
line therapy according to our hospital clinical guidelines
during this study period. Accordingly, 442 patients (79 %)
received antibiotics as the first-line therapy and 111
patients (20 %) had surgery as their primary treatment
(Fig. 1). The most common reasons for primary surgery
were patient preference (56 patients, 50 %) and a surgeon’s
decision for indication of acute operation (35 patients,
32 %). Five patients improved without any treatment but
were still diagnosed as having acute appendicitis. Nine
patients were either pregnant or assumed to have recur-
rence of appendicitis (Fig. 1).

Patient characteristics

Clinical, laboratory, and diagnostic variables at diagnosis
of acute appendicitis before the start of any treatment are
given in Table 1. Patients who received primary surgery
had significantly higher white blood cell counts (WCC) and
more local or general peritonitis. Patients who successfully
recovered on antibiotics alone had significantly lower
WCC, neutrophils, and temperature than patients who
failed to improve with primary antibiotics. Radiological
imaging was performed to a greater extent in patients with
primary surgery (Table 1); CT investigations showed clear-
cut or assumed appendicitis in 71 % of patients on primary
antibiotics and in 85 % of patients on primary or rescue
surgery as expected [19].

Treatment efficacy

Of the 442 patients who received antibiotics as the first-line
therapy, 342 (77 %) experienced successful recovery and
100 patients (23 %) had subsequent rescue appendectomy
(Table 2). The main reason for surgery subsequent to pri-
mary treatment with antibiotics was lack of improvement
within 12-24 h (Table 3). Diagnoses in patients who
experienced rescue surgery are given in Table 4. Among
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the 111 patients who had primary surgery, 98 (88 %) had
appendicitis or other surgically curable diagnoses. Thus,
12 % were negative explorations. Ninety-two percent of
extirpated appendices were sent for histopathology (PAD)
(Table 4).

The proportions of phlegmonous, gangrenous, and per-
forated appendicitis did not differ between patients who
had primary surgery and those who had rescue surgery
(Table 4), and they agreed with frequencies reported for
patient cohorts in Sweden. Thus, treatment efficacy of
acute appendicitis appeared to be 77 % for antibiotics as
the first-line therapy (Table 2).

Recurrences

Of the 342 patients who initially recovered on antibiotics
without surgery, 38 (11 %) had experienced recurrent
appendicitis at the 1-year follow-up (Table 2). Time to
recurrence varied from 2 weeks up to the end of follow-up
(12 months), with a mean time of 5 months. Relapsing
patients were men and women between 17 and 89 years
old; 33 of these patients were treated with appendectomy.
The diagnoses at operation are given in Table 4. Six of
these 38 patients had a second round of antibiotics treat-
ment according to their own wishes; one of them did not
recover and had appendectomy. The same diagnostic cri-
teria were used for patients with recurrent abdominal pain
as for patients at first admission for abdominal pain.

Major complications

Major complications within the 1-year follow-up did not
differ significantly between patients who received primary
antibiotics treatment and those who had primary surgery
(Table 5). There was no difference in major complications
between patients who recovered successfully on primary
antibiotics and those who had subsequent rescue surgery
following failed treatment with primary antibiotics. The five
patients who recovered without treatment did not have any
major complications and are therefore not included in
Table 5. Appendicitis was confirmed by CT in two of these
patients, while three patients did not have CT investigations.

Abscess formation was the most common complication
following either primary antibiotics or primary surgery. In
the antibiotics group, six patients were later operated on
because of suspected appendicitis (diagnostic laparoscopy
or open appendectomy) without any positive findings, i.e.,
it was an unnecessary operation by protocol. One patient
was treated successfully with antibiotics but had recurrent
problems with abdominal pain, abscess, and fistula and was
finally diagnosed with Crohn’s disease and later had a
ileocecal resection. One patient, treated with primary
antibiotics, developed an abscess that required operative
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Fig. 1 Flowchart for 558
consecutive patients as treated
due to acute appendicitis

Acute appendicitis
n=558

patient’s
preference n=56

surgical decision
n=35

pregnancy
n=4

Primary

surgery

assumed n=111

recurrence n=5

diagnosis unclear
n=6

reason unknown
n=5

No treat-
ment n=5

spontanous im-
provement n=>5

recurrence
one year n=1

drainage. One patient operated on due to recurrence suf-
fered wound rupture and therefore had reoperation. Like-
wise, one patient operated on after failure with antibiotics
developed a wound hernia and underwent reoperation with
hernia mesh repair. Another patient operated on after
failure with antibiotics came back a few days after

A 4

Antibiotics
n=442

treatment failure
n=100

Rescue surgery
n=100

A 4

A 4

Successful recovery
n=342

recurrence
one year n=38

One year success
n=304

discharge with acalculous cholecystitis, which was treated
conservatively.

Reoperations were performed on two patients who had
primary surgery: one for paralytic ileus and one for abscess
formation. One patient with primary surgery had small
bowel obstruction that resolved without surgery.
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Table 1 Patient characteristics at time of decision for treatment of acute appendicitis

Primary antibiotics Primary surgery p Primary antibiotics ¥4
(n = 447)* (n=111) — —
Antibiotic success Antibiotic failure
(n = 342) (n = 100)
Sex (M:F) 229:218 58:53 0.83 169:173 57:43 0.18
Age (years) 34 £1 35£2 0.48 33+£1 36 £1 0.15
CRP (mg/l) 54 +3 68 + 8 0.13 52+3 64 +7 0.14
WCC (x109) 12.6 £ 0.2 13.6 £ 0.4 <0.04 12.0 £ 0.2 147 £ 04 <0.001
Neutrophils 9.6 £0.2 102 £ 1.0 0.53 89+ 0.3 124 £ 0.5 <0.001
PCT (ng/ml) 0.85 + 0.29 0.66 + 0.28 0.86 0.76 £ 0.27 1.21 + 091 0.52
Temp (°C) 37.2 £ 0.03 37.3 £ 0.07 0.11 37.1 £ 0.03 374 + 0.07 <0.001
Local peritonitis 99 (22) 38 (34) <0.01 73 (21) 26 (26) 0.32
General peritonitis 0 3(3) <0.001 0 0 -
CT/US 165 (37) 60 (54) <0.001 120 (35) 43 (43) 0.15
Gynecological examination 115 (53) 26 (49) 0.67 96 (55) 18 (42) 0.23

Values are mean + SEM. Values within parentheses are percentages

PCT procalcitonin, CRP C-reactive protein, WCC white blood cell count, CT/US computerized tomography/ultrasound

* Primary antibiotics (n = 442) plus no treatment (n = 5)

Table 2 Treatment efficacy and recurrence beyond one-year follow-

up
Primary Primary No p*
antibiotics surgery treatment
(n = 442) (n=111) (n=25)
Treatment efficacy
Primary 342 (77) 98 (88) 5 (100) <0.01
hospital
stay
1 year 304 (69) 98 (88) 4 (80) <0.001
Recurrences 38 (11) - 1 (20)

Values within parentheses are percentage

* Comparison between antibiotics and surgery, y” test

Table 3 Reasons for rescue surgery in patients provided primary
treatment on antibiotics

Antibiotic
failure (n = 100)

Therapeutic failure
Clinical deterioration 68
Clinical status unchanged 23

Patient wanted surgery

Diagnosis unclear

Severe pain

W = = A

Reason unknown

Minor complications

Minor complications were twice as common among
patients with primary surgery compared to patients treated
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with primary antibiotics (Table 6). Also, minor complica-
tions were three times higher in patients with antibiotics
failure compared to those who successfully recovered on
primary antibiotics. The most common complications
among operated patients were prolonged postoperative
course (vomiting, intestinal paralysis) and wound infection,
and among antibiotics-treated patients, the most common
complication was some side effect of the antibiotics
(mainly diarrhea). The five patients who recovered without
treatment did not experience complications.

Patient experience

The proportions of patients who experienced some kind of
abdominal discomfort after 6 and 12 months did not differ
between the antibiotics and the surgery group; after
12 months 27 % had some kind of abdominal symptom.
The figures are based on questionnaire answers from 411
(74 %) patients at 6 months and from 382 (69 %) patients
at 12 months. The proportion that answered the question-
naire was similar in both groups.

Duration of antibiotic therapy

Patients treated with first-line antibiotics had the same
number of days of intravenous antibiotic therapy as
patients who had primary surgery with subsequent peri-
operative antibiotics (1.6 £ 0.2 days). Patients who were
operated on after primary antibiotics failure experienced
prolonged antibiotic therapy (2.3 £ 0.1 days) compared to
those who recovered on primary antibiotics alone, as
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Table 4 Diagnosis in operated patients according to histopathology
and perioperative diagnosis

Antibiotic  Primary Primary Recurrences
failure surgery as  surgery (n = 34)
(n = 100) deemed in total

necessary (n=111)

(n = 35)

Appendicitis 97 34 97 34
Phlegmonous® 49 11 52 27
Gangrenousb 21 7 23
Perforated® 27 16 22

Other diagnosis 3 1 14 -
Nonspecific 3 9

abdominal
pain
Surgically 1 4
untreatable
Surgically 1
treatable
The frequencies of phlegmonous, gangrenous, and perforated

appendices did not differ between initial antibiotic failure and primary
surgery in total

# Transmural inflammation including muscularis propria
° Transmural inflammation with areas of complete wall necrosis

¢ Transmural necrosis with histopathologic or intraoperative sign of
perforation

expected (p < 0.001). (The total number of days on anti-
biotics was not specifically measured in the present study,
but it was 10 = 0.3 vs. 4.6 £ 0.4 days in our previous
randomized study [9]) Time from appearance in the
emergency ward until start of intravenous antibiotic ther-
apy was prolonged for patients who recovered on primary
antibiotics (9.8 £ 0.4 h) compared to those who failed on
primary antibiotics and had subsequent rescue surgery
(6.0 £ 0.4 h; p < 0.001).

Hospital stay

Duration of the primary hospital stay was significantly
shorter in patients who received primary antibiotics
(2.3 £ 0.1 days) compared to the stay of those who had
primary surgery (2.9 4+ 0.3; p < 0.025). Patients who were
operated on due to primary antibiotics failure had a sig-
nificantly longer hospital stay (3.6 & 0.2 days) compared
to those who recovered on primary antibiotics alone
(1.9 &+ 0.1 days; p < 0.001).

Discussion

The results of the present study show that the modern
treatment of acute appendicitis may be changing. Previous
randomized controlled studies have indicated that a
majority of patients with acute appendicitis will heal with
antibiotic treatment without the need for surgery, although
such studies have displayed various kinds of scientific
limitations due to unavoidable ethical considerations in
protocol design [8—10]. The most recent randomized con-
trolled study was based on short-term surrogate markers for
clinical outcome within 30 days of primary treatment. Its
relevance for clinical outcome is therefore difficult to
evaluate [11]. Besides, those patients were treated with a
combination of amoxicillin and clavulanic acid, which are
usually regarded less than ideal for gastrointestinal infec-
tions. Our previous study included unselected patients
between 18 and 85 years of age to be treated by either
antibiotics or conventional appendectomy following ran-
domization [9]. The results agreed with those of other
selected patient groups, where more than 75 % of all
patients with acute appendicitis recovered on antibiotics
without the need of surgical exploration before discharge
from the hospital [8, 10]. However, criticism has been

Table S Major complications
beyond 1-year follow-up

Values in parentheses are
percentage

Reasons for surgery: * paralytic
ileus, abscess; b Crohn’s disease
(ileocecal resection), wound

Primary Primary p Primary antibiotics p
antibiotics ~ surgery -
(n = 442) (n=111) Success Failure
(n=342) (n=100)
Abscess 12 6 9 3
Unnecessary surgery 6 6
Operation 4 2% 3° 1°
Ileocecal resection 2 2
Fistula 1 1
Wound rupture 1 1
Wound hernia 1 1
Small bowel obstruction 1
Acalculous cholecystitis 1 1
Total no. of major complications 28 (6) 9 (8) 0.71 22 (6) 6 (5) 0.84
No. of patients 21 (5) 8 (7) 030 16 (5 5(0) 0.89

rupture, abscess; ¢ wound hernia
(mesh repair)

@ Springer



2034

World J Surg (2012) 36:2028-2036

Table 6 Minor complications

Primary Primary surgery p Primary antibiotics P
beyond 1-year follow-up antibiotics = 111) :
(n = 442) Success Failure
(n=1342) (n = 100)
Prolonged 14 10 2 12
postoperative
course
Wound infection 7 10 2
Diarrhea 10 1 8
Urticaria/rash 3 3
Clostridium 2
infection
Postoperative 2
abdominal
infection
Bladder 2 1 1
dysfunction®
Small bowel injury 1 1 1
Fungal infection” 1
Thoracic pain® 1 1
Depression® 1 1
Values in parentheses are .
ercentage Postoperative 1 1
5 Reauiri ) N bleeding
) equiring urinary catheter at Loss of 1
discharge . d
b Oral and - consciousness
| Cratand vagina Total no. of minor 42 (10) 26 (23) <0.001 20 (6) 22 (20) <0.001
¢ Adverse effect of antibiotics complications
¢ Related to pronounced No. of patients 40 (9) 22 (20) <0.001 20 (6) 20 (20) <0.001

postoperative pain

raised against our previous study design, since surgeons in
charge or on call could decide to operate against the allo-
cation by chance when randomized, despite final analyses
by intention to treat [9]. A potential bias of our previous
patient selection was, however, not possible to circumvent
because of ethical considerations and permission [9].
Therefore, it could not be determined to what extent any
selection bias in allocation of patients contributed to our
otherwise clear results; which were highly debated among
surgeons. This hesitance for a paradigm shift in treatment
of acute appendicitis was characterized in a recent review
and in a Cochrane Database Systems Review [3, 20].

In the light of previous uncertainties on biased patient
selection, we decided to test the present research protocol.
This means that a clinical decision was made to offer all
consecutive patients hospitalized for acute appendicitis
treatment with antibiotics as the first-line therapy in our
university hospital. Again, ethical and medical consider-
ations made it necessary to allow patients to accept or
reject our offer. Also, it was necessary to allow the sur-
geons to make independent medical judgments in their
offer for best treatment choice. This algorithm or principle
should represent what may be a future application of
optimized treatment of acute appendicitis. Therefore, our
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study represents the first full-scale practical test of the
validity of previous randomized studies with daily practical
limitations involved, i.e., many surgeons involved and no
formally applied diagnostic procedure and criteria for all
patients.

It may be regarded as a disadvantage that not all our
patients had a CT or US examination, although imaging
procedures are neither completely inclusive nor exclusive
for diagnosis of early appendicitis, which should be the
most preferred status to treat by antibiotics in a first-line
algorithm. Therefore, acute appendicitis remains a diag-
nosis dependent on several criteria due to the lack of strict
and highly specific criteria, even when systematic imaging
is included. However, assumed appendicitis in the present
study represents best available knowledge among univer-
sity trainee surgeons. Accordingly, our observation that
patients who recovered on primary antibiotics showed a
higher degree of inconclusive CT findings (~29 vs.
~15 %) should be expected in a protocol where antibiotics
is offered before a definite choice for surgical exploration.
The alternative, to compare the efficiency of antibiotics
only in patients with clear-cut signs of appendicitis on CT,
relates to a different clinical question than our present
protocol with treatment of unselected patients with
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clinically assumed appendicitis, including comparatively
early appendix inflammation. Of course, this approach may
imply some unnecessary antibiotics treatment due to bias
inclusion of patients with nonspecific abdominal pain.
However, this drawback should not be important when
patients with increased CRP are treated, indicating a very
high probability of any kind of abdominal bacterial infec-
tion or tissue damage where bacterial complications may
be subsequent. In our present and previous studies, greater
than 97 % of all patients with acute appendicitis had
elevated serum CRP [9], always indicating some kind of
cellular infection/inflammation and usually not of viral
origin.

Our present results agree with those of most randomized
studies, i.e., a majority of patients will recover on antibi-
otics as the first-line therapy [8—10]. Thus, in the present
study 77 % of all patients with presumed acute appendi-
citis, based on overall clinical criteria, recovered initially,
and 69 % of all these patients remained without relapse
after at least 1 year of follow-up. It is likely that the same
success should be observed for those patients who chose
primary appendectomy. It remains to be confirmed what
the relapse will be after 5, 10, and 30 years of follow-up.

It is important to emphasize that major complications
did not differ significantly between patients who received
primary antibiotics and those who were recommended for
or chose primary surgery. Also, there was no difference in
major complications between patients who recovered suc-
cessfully on primary antibiotics treatment and those who
experienced subsequent rescue appendectomy. Interest-
ingly, minor complications were twice as common among
patients who had primary surgery compared to patients
treated with primary antibiotics, and the proportion of
patients who experienced some kind of abdominal dis-
comfort between 6 and 12 months did not differ between
the antibiotic and surgical groups. Surprisingly, almost
30 % of all patients had some kind of abdominal symptom
at the 12-month follow-up irrespective of their treatment
schedule, which agrees with observations by others [10,
21]. Also, it is important to emphasize that patients treated
with antibiotics as first-line therapy were not exposed to
more intravenous antibiotics than patients who had
appendectomy. This may be due to observations that
clinicians do not always strictly adhere to intended pro-
phylactic regimens following appendectomy. This fact
attenuates arguments against different in-hospital initiation
of antibiotic resistance among individuals treated with
either antibiotics or appendectomy. Surgeons may be
reluctant to accept this fact since it is usually proposed that
postoperative treatment of appendectomized patients
should have minimal or no perioperative antibiotics,
although the significant role of antibiotics in the treatment
of both operated on and conservatively treated patients

appears quite clear [9, 12]. Anyway, it remains uncertain to
what extent a 4-5-day difference in taking oral antibiotics
is a real risk factor for increased development of antibiotic
resistance in patients on successful primary antibiotics
treatment outside of the hospital compared to patients who
had surgery plus several days of perioperative in-hospital
antibiotics [9].

Based on the results of the present study, we find it clear
that physicians can offer evidence-based treatment with
antibiotics as first-line therapy for acute appendicitis as
long as our confirmed treatment protocol is offered and
applied [9]. This means that all or at least most adult
patients can be initially treated with antibiotics during a
12-36-h course when particular medical reasons do not
argue for acute operation [22]. Such conditions may be
generalized peritonitis, systemic sepsis, or any other sign of
vital dysfunction [13]. Practically, this means that an
emergency operation during at nighttime should not be
necessary in the majority of patients with acute appendi-
citis [23]. Such a change in practice may also attenuate
serious surgical complications, which are not negligible [9,
13, 24]. It is also clear that several important questions
remain to be determined, such as the proportion of long-
term relapse following primary antibiotic treatment, defi-
nite economical costs for treatment of acute appendicitis by
antibiotics versus conventional surgery, which may be
large as indicated in our previous report [9]; and to what
extent relapse can be efficiently treated by second and third
rounds of antibiotic regimens as suggested from observa-
tional data in the present study. It is also not clear how the
combinations of antibiotics should be applied for optimal
long-term results, since it has not been possible to predict
antibiotic regimens based on bacterial cultures on inflamed
and necrotic appendices [25, 26]. The clear discrepancy
between our experience with antibiotics treatment of acute
appendicitis and that of others [11] indicates that the choice
of antibiotics makes a difference [9, 11]. Additionally, it
will be very interesting to know how systematic oral pro-
vision of antibiotics compared to the present regimen of
initial intravenous provision and subsequent oral treatment
for 9 days.

In conclusion, the present prospective population-based
study confirms results in previous randomized studies, that
antibiotic treatment can be offered as the first-line therapy
to a majority of patients with acute appendicitis without
medical drawbacks other than the unknown risk for long-
term relapse, which must be weighed against the unpre-
dicted but well-known risk for both early and late serious
complications following surgical interventions.
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