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Amoxicillin plus clavulanic acid versus appendicectomy for 
treatment of acute uncomplicated appendicitis: an open-label, 
non-inferiority, randomised controlled trial 
Corinne Vons,  Caroline Barry*, Sophie Maitre*, Karine Pautrat, Mahaut Leconte, Bruno Costaglioli, Mehdi Karoui, Arnaud Alves, Bertrand Dousset, 
Patrice Valleur, Bruno Falissard, Dominique Franco

Summary 
Background Researchers have suggested that antibiotics could cure acute appendicitis. We assessed the effi  cacy of 
amoxicillin plus clavulanic acid by comparison with emergency appendicectomy for treatment of patients with 
uncomplicated acute appendicitis.

Methods In this open-label, non-inferiority, randomised trial, adult patients (aged 18–68 years) with uncomplicated 
acute appendicitis, as assessed by CT scan, were enrolled at six university hospitals in France. A computer-generated 
randomisation sequence was used to allocate patients randomly in a 1:1 ratio to receive amoxicillin plus clavulanic 
acid (3 g per day) for 8–15 days or emergency appendicectomy. The primary endpoint was occurrence of postintervention 
peritonitis within 30 days of treatment initiation. Non-inferiority was shown if the upper limit of the two-sided 95% CI 
for the diff erence in rates was lower than 10 percentage points. Both intention-to-treat and per-protocol analyses were 
done. This trial is registered with ClinicalTrials.gov, number NCT00135603.

Findings Of 243 patients randomised, 123 were allocated to the antibiotic group and 120 to the appendicectomy 
group. Four were excluded from analysis because of early dropout before receiving the intervention, 
leaving 239 (antibiotic group, 120; appendicectomy group, 119) patients for intention-to-treat analysis. 
30-day postintervention peritonitis was signifi cantly more frequent in the antibiotic group (8%, n=9) than in the 
appendicectomy group (2%, n=2; treatment diff erence 5·8; 95% CI 0·3–12·1). In the appendicectomy group, despite 
CT-scan assessment, 21 (18%) of 119 patients were unexpectedly identifi ed at surgery to have complicated appendicitis 
with peritonitis. In the antibiotic group, 14 (12% [7·1–18·6]) of 120 underwent an appendicectomy during the fi rst 
30 days and 30 (29% [21·4–38·9]) of 102 underwent appendicectomy between 1 month and 1 year, 26 of whom had 
acute appendicitis (recurrence rate 26%; 18·0–34·7).

Interpretation Amoxicillin plus clavulanic acid was not non-inferior to emergency appendicectomy for treatment 
of acute appendicitis. Identifi cation of predictive markers on CT scans might enable improved targeting of 
antibiotic treatment.

Funding French Ministry of Health, Programme Hospitalier de Recherche Clinique 2002.

Introduction
Acute appendicitis is still the most common indication 
for surgery in patients admitted to hospital for acute 
abdominal pain. In about 20% of cases, acute 
appendicitis is complicated, leading to local or diff use 
peritonitis;1 most, however, are uncompli cated. 
Although urgent appendicectomy is still the 
recommended treatment for acute uncomplicated 
appendicitis, several studies, including four randomised 
trials,2–5 have suggested that antibiotic treatment can 
cure acute appendicitis or can be the fi rst line of 
treatment. Design limitations of previous studies, 
however, have decreased the relevance of their results, 
and consequently the current strategy for treatment of 
acute appendicitis has not been altered.6 Although 
emergency appendicectomy is well tolerated by most 
patients, it is nevertheless associated with a risk of 
postoperative complications in about 2–23% of 
patients.7,8 Additionally, over 10 years, 3% of patients 

undergoing appendicectomy were readmitted for 
intestinal obstruction directly related to postoperative 
adhesions.9,10 Avoidance of emergency appendicectomy 
in patients with uncomplicated appendicitis, who 
otherwise would have had surgery, would therefore 
improve the risk–benefi t ratio of acute-appendicitis 
treatment. We compared the results of treatment 
with amoxicillin plus clavulanic acid with emer-
gency appendicectomy in a group of patients with 
uncomplicated acute appendicitis as assessed by CT.

Methods
Patients
We undertook an open-label, non-inferiority, random-
ised controlled trial. The study took place in six academic 
centres of the Assistance Publique-Hôpitaux de Paris, 
France, and was approved by the ethics committee of 
the Hôpital Bicêtre, Le Kremlin-Bicêtre, France. All 
patients provided signed, informed consent.

For the trial protocol see http://
www.medecine.u-psud.fr/fr/
recherche/les_publications/
trialappendicitis.html



Articles

1574 www.thelancet.com   Vol 377   May 7, 2011

All adults examined in the emergency department 
and suspected to have an acute appendicitis were 
assessed for possible inclusion in the study. Patients 
were excluded if one of the following criteria were 
present: age less than 18 years (no upper age limit); 
antibiotic treatment 5 days before; allergy to β-lactam 
antibiotics; known intolerance to amoxicillin plus 
clavulanic acid (nausea, vomiting); receiving steroid or 
anticoagulant treatments; past history of infl ammatory 
bowel disease; pregnancy or a positive pregnancy test; 
life expectancy less than 1 year; allergy to iodine or 
blood creatinine 200 μmol/L or more; or inability to 
understand information about the protocol or to sign 
the consent form.

Patients eligible for inclusion to the study were 
informed of the protocol and invited to participate. After 
informed consent was obtained, a CT scan was done. 
Diagnosis of uncomplicated appendicitis was assessed 
by CT imaging. An emergency radiologist in the hospital 

where the patient was admitted did a CT scan of patients’ 
appendices according to the standard protocol of the 
hospitals. CT imaging was done with a 16-multidetector 
CT scanner in all centres, except for one (Hôpital Antoine 
Béclère), which used a single-row-detector spiral CT 
scanner (webappendix p 1).

A fi nal diagnosis of uncomplicated acute appendicitis 
required clear visualisation of the appendix (appendix 
diameter >6 mm and no opacifi cation of the appen-
dix in patients with enema), and absence of any of the 
three following criteria of complicated appendicitis 
with peritonitis: extra luminal gas, periappendiceal 
fl uid, or disseminated intraperitoneal fl uid. An 
appendix diameter greater than 15 mm was a criterion 
for exclusion from the study, because of risk of 
malig nancy.11 Caecal-wall thickening, infl ammation of 
periappendiceal fat, and presence of intraluminal 
stercoliths were also recorded, but were not 
exclusion criteria.

Figure: Trial profi le
ITT=intention to treat. *Withdrew consent before starting treatment.

243 randomised 

120 allocated to appendicectomy
119 had appendicectomy 

1 did not have appendicectomy* 

123 allocated to antibiotic treatment 
120 received antibiotic treatment 

3 did not receive antibiotic treatment* 

5 discontinued follow-up 
before 1 month
1 withdrew consent 
4 were lost to follow-up

4 discontinued follow-up 
before 1 month
2 withdrew consent 
1 at request of treating 

physician 
1 was lost to follow-up

114 assessed at 1 month 116 assessed at 1 month

5 discontinued follow-up 
between 1 month and 1 year
2 withdrew consent
2 were lost to follow-up
1 at request of treating 

physician

111 completed 1-year follow-up

120 included in ITT analysis

106 included in per-protocol analysis
14 were excluded

9 did not complete the study 
5 after rereading of CT scan

10 discontinued follow-up 
between 1 month and 1 year; 
all were lost to follow-up 

104 completed 1-year follow-up

119 included in ITT analysis

98 included in per-protocol analysis
21 were excluded

13 did not complete the study
6 after rereading of CT scan
2 did not complete the study and after 

rereading of CT scan

See Online for webappendix
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Randomisation and masking
When a diagnosis of uncomplicated acute appendicitis 
was made, patients were individually assigned to undergo 
either appendicectomy or treatment with amoxicillin 
plus clavulanic acid. The computer-generated random-
isation code was produced by the trial statistician. To 
ensure balance between the numbers in each group, 
block sizes of four were generated for allocation of 
patients to one of the two treatment groups; the 
randomisation procedure was stratifi ed by site, with an 
equal allocation ratio. Opaque, sealed, and sequentially 
numbered envelopes were provided to each trial site. To 
enrol a patient, an independent pharmacologist opened 
the next consecutively numbered envelope.

Procedures
Patients were admitted to hospital irrespective of the 
treatment assigned and were assessed twice a day while 
in hospital. They were discharged after resolution of 
pain, fever, and any digestive symptoms. Appendicectomy 
was done according to surgeons’ standard practice 
(a McBurney incision or laparoscopy). Patients were 
given one injection of amoxicillin plus clavulanic acid 
(2 g) at induction of general anaesthesia, but did not 
receive antibiotic treatment thereafter, unless complicated 
appendicitis was diagnosed during surgery, in which case 
patients were given postoperative antibiotics.

Patients in the antibiotic treatment group received 
amoxicillin plus clavulanic acid (3 g per day for patients 
weighing <90 kg, and 4 g per day for patients ≥90 kg), given 
intravenously to those with nausea or vomiting, and orally 
to all others.12–14 This drug combination was chosen because 
of its effi  cacy for ambulatory treatment of uncomplicated 
sigmoiditis.13 If symptoms and abdominal tenderness did 
not resolve after 48 h, immediate appendicectomy was 
undertaken. If pain and fever resolved rapidly, patients 
were discharged. Patients continued the same antibiotic 
treatment at home, with the same dose, for 8 days, and 
were seen on day 8; persistence of pain or fever prompted 
a CT scan and possible appendicectomy. In the absence of 
these symptoms, a sustained high white-blood-cell count 
or a high C-reactive-protein concentration resulted in 
extension of antibiotic treatment for a further 8 days. 
Persistence of similar biological disorders on day 15 
prompted appendicectomy without an additional CT scan. 
All patients were seen systematically in consultations on 
days 15, 30, 90, 180, and 360.

Histological examination of the appendix was done 
after every appendicectomy. Defi nitive diagnosis of 
uncomplicated acute appendicitis was based on the 
presence of mucosal ulceration with neutrophil infi ltration 
restricted to the mucosa, or with a transmural extension. 
The primary binary endpoint was occurrence of peritonitis 
within 30 days of initial treatment. In the antibiotic group, 
diagnosis of peritonitis was done either by appendicectomy 
when a complicated appendicitis was identifi ed, or 
postoperatively by CT scan. In the appendicectomy group, 

diagnosis of postoperative peritonitis was made with CT 
scan fi ndings for patients with fever, abdominal pain, and 
high concentrations of white-blood cells and C reactive 
protein. Signs of localised postoperative peritonitis on CT 
scans were densifi cation of soft tissue with or without 
organised fl uid collection (abscess) of the right iliac fossa. 
Appendicectomy done within 30 days of treatment 

Appendicectomy 
group (n=119)

Antibiotic treatment 
group (n=120)

Age (years) 34 (12) 31 (9)

Sex

Men 70 (59%) 73 (61%)

Women 49 (41%) 47 (39%)

Body-mass index (kg/m2) 24·1 (4·1) 23·0 (3·0)

Employment status

Full-time or part-time work 87 (73%) 83 (69%)

Clinical symptoms on admission

Sudden onset of pain* 59 (50%) 57 (48%)

Mean pain score VAS (0–10)† 6·4 (2·1) 6·3 (1·9)

Body temperature >37·5°C 32 (28%) 38 (32%)

Lower-right quadrant-rebound tenderness 72 (62%) 56 (48%)

Biological fi ndings

Leucocytes (10⁹/L) 13·1 (3·4) 13·6 (3·6)

High CRP concentration‡ 78 (68%) 76 (68%)

Additional CT fi ndings§

Local caecal-wall thickening 14 (13%) 17 (15%)

Infl ammation of periappendiceal fat 47 (44%) 49 (44%)

Intraluminal stercolith 22 (21%) 19 (17%)

Data are mean (SD) or numbers (%). We calculated percentages using non-missing data. VAS=visual analogue scale. 
CRP=C-reactive protein. *All patients had abdominal pain, but only a proportion presented with sudden onset pain. 
†Intensity of pain was measured with a horizontal 10-mm visual analogue scale, with 0 representing no pain, and 
10 the worst pain ever experienced. ‡High CRP denotes concentrations above normal values as defi ned by hospital 
laboratories; defi nition of high CRP was beyond a specifi c value; normal values diff ered between hospitals. §CT fi ndings 
additional to inclusion and exclusion criteria (appendix diameter >6 mm and no extra luminal gas, periappendiceal 
fl uid, and disseminated intraperitoneal fl uid). 

Table 1: Baseline characteristics of the intention-to-treat population

Appendicectomy 
group (n=119)

Antibiotic-
treatment group 
(n=120)

Diff erence (95% CI)

Primary endpoint events

30-day post-therapeutic peritonitis 2 (2%)* 9 (8%)† 5·8 (0·3 to 12·1)

Incidence of peritonitis 

Complicated appendicitis with peritonitis 
identifi ed at surgery 

21 (18%)‡ 9 (8%)† –10·1 (–18·7 to –1·7)

Postoperative peritonitis 2 (2%)‡ 2 (2%)§ 0 (–4·4 to 4·4)

Data are number unless otherwise stated. *In the appendicectomy group, two cases of postoperative peritonitis 
occurred; these patients had postoperative localised peritonitis successfully treated with antibiotics. †In the antibiotic 
group, complicated appendicitis with peritonitis was identifi ed during appendicectomy performed within 30 days of 
treatment initiation in nine of 14 patients who did not show improvement. ‡Discovery of a complicated appendicitis 
with peritonitis in the appendicectomy group was not a primary endpoint. §Two patients in the antibiotic group, who 
underwent secondary appendicectomy, had postoperative peritonitis.

Table 2: Incidence of primary endpoint events and complicated appendicitis with peritonitis and 
postoperative peritonitis within 30 days after the start of treatment in both groups 
(intention-to-treat population)
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initiation in the antibiotic group was not a primary 
endpoint if complicated appendicitis with peritonitis was 
not identifi ed at surgery.

Secondary endpoints were the number of days with a 
postintervention visual-analogue-scale pain score ≥4 (on 
a 0–10 scale),15 length of hospital stay and absence from 
work (total days including any additional hospital stays), 
incidence of complications other than peri tonitis within 
1 year (postoperative wound abscess, incisional hernia, 
adhesive occlusion), and recurrence of appen dicitis after 
antibiotic treatment (appendicectomy done between 
30 days and 1 year of follow-up, with a confi rmed 
diagnosis of appendicitis).

Statistical analysis
This study was based on the notion that antibiotic 
treatment would not be inferior to appendicectomy in 
relation to the primary effi  cacy outcome, with the use of 
a prespecifi ed non-inferiority margin—the upper limit of 
the 95% CI for the diff erence in rates would not exceed 
10 percentage points.

We calculated that a sample size of 200 patients would 
give a power of 80% to establish whether antibiotic 
treatment was not inferior to appendicectomy in relation 
to the 30-day incidence of postintervention peritonitis. 
This sample size took into account an expected 
30-day incidence of peritonitis after appendicectomy for 

uncomplicated appendicitis of 2%,16,17 a non-inferiority 
margin of 10%, and a two-sided α risk of 0·05.18 How-
ever, we planned to enrol 250 patients because of the 
possible loss of patients after their inclusion.

Study outcomes were assessed by both intention-to-
treat and per-protocol analyses. The intention-to-treat 
population included all randomised participants who 
began a treatment (surgical treatment or at least one dose 
of antibiotics). A second reading of the CT scan was done 
later by an assigned non-emergency radiologist, who was 
masked to the patients’ treatment or status, to confi rm 
initial CT scan diagnosis of uncomplicated appendicitis 
made by the emergency radiologist. The per-protocol 
population included all patients who completed the study 
(1 year), and for whom the second reading of a CT-scan 
confi rmed the diagnosis of uncomplicated appendicitis.

The primary analysis in this non-inferiority trial 
compared the two study groups for the rate of peritonitis 
that occurred within 30 days of treatment initiation. The 
95% CIs for absolute diff erence in percentages between 
the antibiotic-treatment group and the surgery group 
were estimated according to the methodology used by 
Altman and colleagues.19 Secondary binary endpoints 
were similarly analysed. Wilcoxon tests were used to 
compare durations. Webappendix pp 1–2 shows 
management of missing data. All reported p values are 
two-sided and were not adjusted for multiple testing.

We did additional post-hoc analyses. Factors predictive 
of complicated appendicitis in the appendicectomy group 
were calculated. For the antibiotic-treatment group, 
factors predictive of absence of improvement (patients 
needing appendic ectomy during the fi rst 30 days after 
start of antibiotic treatment, with a confi rmed histological 
diagnosis of acute appendicitis), or of recurrence of 
appendicitis (patients needing appendicectomy between 
30 days and 1 year, with a confi rmed histological diagnosis 
of acute appendicitis) were also calculated. Univariate 
logistic-regression models were used to assess the 
association between these events and each patient’s 
baseline clinical characteristics. We used R software 
(version 2.7.0) for all analyses.

Role of the funding source
The sponsor of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. CV, CB, BF, and DF had full access to all data 
in the study and fi nal responsibility for the decision to 
submit for publication. All other authors could request 
examination of any of the data elements. 

Results
The fi gure shows the trial profi le. 243 patients 
(aged 18–68 years) were enrolled into the study between 
March 11, 2004, and January 16, 2007. Four refused to 
participate in the trial shortly after randomisation, therefore 
239 patients constituted the intention-to-treat population. 
Table 1 shows baseline characteristics of these patients.

Appendicectomy 
group (n=119)

Antibiotic-
treatment 
group (n=120)

p 
value

Duration of pain* 1·70 (1·07) 1·63 (1·35) 0·13

Duration of hospital stay 3·04 (1·50) 3·96 (4·87) 0·08

Duration of disability 10·45 (8·20) 9·82 (10·51) 0·25

Data are mean (SD), p value (Wilcoxon test). Duration in days. *Pain as assessed 
with the visual analogue score ≥4.

Table 3: Duration of post-therapeutic pain, hospital stay, and disability 
(intention-to-treat population)

Within 30 days 
(n=120)

Between 30 days 
and 1 year of 
follow-up (n=102)*

Number of patients 
(%; 95% CI)

14 (12%; 7·1–18·6) 30 (29%; 21·4–38·9)

Appendicitis  (%; 95% CI) 13 (11%; 6·4–17·7) 26 (25%; 18·0–34·7)

Complicated† 9 3

Uncomplicated 4 23

No appendicitis 1 4

Fibrous 1 4

*120 patients in the antibiotic-treatment group minus 14 patients who had an 
appendicectomy during the fi rst 30 days of follow-up and four who discontinued 
follow-up before 1 month. †Complicated appendicitis with peritonitis.

Table 4: Aspects of appendices during appendicectomies done in 
44 of 120 patients treated initially with antibiotics (intention-to-treat 
population)
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Table 2 shows incidence of primary endpoints and 
incidence of complicated appendicitis with peritonitis 
and postoperative peritonitis within 30 days after the start 
of treatment in the intention-to-treat population. 30 day 
postintervention peritonitis was signifi cantly more 
frequent in the antibiotic group than in the 
appendicectomy group.

24 (10%) of 239 patients did not complete the 1-year 
study. 11 were excluded by re-reading of the CT-scan. 
The remaining 204 patients constituted the per-protocol 
population (fi gure; results are shown in web-
appendix pp 2–5).

Primary endpoint data were missing for nine patients 
(four in the antibiotic group and fi ve in the 
appendicectomy group). We did a sensitivity analysis to 
establish the eff ect of missing cases, excluding patients 
with missing data from the analysis. The rate of 
peritonitis within 30 days of treatment initiation 
remained higher in the antibiotic-treatment group than 
in the surgery group (diff erence 6·0 percentage points; 
95% CI 0·3–12·5; webappendix pp 5–6).

For secondary endpoints, the median duration of severe 
pain, days in hospital, and absence from work did not 
diff er between the two groups (table 3). Other 
postintervention complications included postoperative 
wound infection (two of 120 in the antibiotic group vs 
one of 119 in the appendicectomy group) and intestinal 
adhesive occlusion (one of 120 in the antibiotic group vs 
none in the appendicectomy group) during the 1-year 
follow-up. Incisional hernia did not occur in either group. 
No signifi cant diff erences were identifi ed between the 
two groups for any postintervention complications. 

Table 4 shows the aspects of the appendices assessed in 
patients who had appendicectomies treated initially with 
antibiotics in the intention-to-treat population. Those who 
underwent appendicectomy between 1 month and 1 year 
had the operation after a median of 4·2 months 
(range 1·2–11·1). Overall, 81 (68%) of 120 patients did not 
need an appendicectomy for acute appendicitis in the anti-
biotic group during the 1-year follow-up.

Post-hoc analyses showed that laparoscopic or 
McBurney approach rates were similar in both groups 
(web appendix pp 6–7). Logistic-regression analyses 
showed that CT-scanner type (multidetector vs single 
detector) was not signifi cantly associated with 
misdiagnosed complicated appendicitis (p=0·42; table 5). 
Presence of a stercolith on preoperative CT scan was the 
only factor associated with a signifi cantly increased risk 
of compli cated appendicitis (table 5, p<0·0001). In the 
antibiotic group, the presence of a stercolith was also the 
only factor associated with failure of antibiotic treatment 
for appendicitis (table 6, p=0·0072).

In the subgroup of patients without visualisation of a 
stercolith on initial CT scan, we identifi ed no signifi cant 
diff erence in the incidence of 30-day postinter-
vention peritonitis between the two groups (diff er-
ence 2·9 percentage points; 95% CI –3·0 to 9·2; 

webappendix p 7). No factors were associated with the 
recurrence of appendicitis. No adverse events were 
deemed by the investigator as being related to CT-
scanning or antibiotic treatment.

Discussion
Incidence of 30-day postintervention peritonitis, which 
was the main judgment criterion, was signifi cantly 
higher in the antibiotic-treatment group than in the 
appendicectomy group. This study showed that antibiotic 
treatment with amoxicillin plus clavulanic acid was not 
non-inferior to emergency appendicectomy for treatment 
of acute uncomplicated appendicitis.

Trials that show that acute appendicitis can be treated 
successfully with antibiotics2–5 were weakened by several 
design limitations. For example, diagnosis of 
uncomplicated appendicitis was not supported by 
systematic CT-scan assessment, although researchers 
claimed to have treated uncomplicated appendicitis 
alone.3 Therefore, we tried to avoid these limitations in 
our study by using CT scans to select patients with 
uncomplicated appendicitis before randomisation. 
Multiple detector CT scanning is generally accepted as 
the best investigation to diagnose acute appendicitis, 
because it has a high sensitivity and specifi city.20 Indeed, 
only 3% of patients allocated to surgery in our trial had 

Complicated 
appendicitis (n=21)

Uncomplicated 
appendicitis (n=98)

Age (years) 38 (13) 34 (12)

Sex

Men 16 (76%) 54 (55%)

Women 5 (24%) 44 (45%)

Clinical symptoms on admission

Sudden onset of pain* 11 (52%) 48 (48%)

Mean pain score (0–10)† 6·3 (1·7) 6·4 (2·2)

Body temperature (>37°C) 9 (43%) 23 (24%)

Lower-right quadrant-rebound tenderness 13 (62%) 59 (61%)

Biological fi ndings

Leucocyte counts (10⁹/L) 13·9 (2·6) 13·0 (3·6)

High CRP concentration‡ 16 (80%) 62 (66%)

Additional appendix CT fi ndings§

Local caecal-wall thickening 2 (12%) 12 (13%)

Infl ammation of periappendiceal fat  11 (65%) 36 (40%)

Intraluminal stercolith 9 (53%) 13 (15%)

CT-scanner type

Multidetector 17 (81%) 71 (72%)

Data are mean (SD) or numbers (%). Comparison of the 21 cases of complicated appendicitis with peritonitis versus 
98 cases of uncomplicated appendicitis or no appendicitis, identifi ed at surgery. CRP=C-reactive protein. *All patients 
had abdominal pain, but only some presented with sudden onset pain. †Pain assessed with the visual analogue 
score >4. ‡High C-reactive protein denotes concentrations above normal values defi ned by hospital laboratories; 
defi nition of high CRP was beyond a specifi c value; normal values diff ered between hospitals. §CT fi ndings additional to 
inclusion and exclusion criteria (appendix diameter >6 mm and no extra luminal gas, periappendiceal fl uid, and 
disseminated intraperitoneal fl uid). 

Table 5: Association between risk factors and complicated appendicitis with peritonitis in the 
appendicectomy group
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no appendicitis, which compares favourably with the 
10–15% reported in two previous studies.4,5

The study was limited by the short follow-up period. 
Recurrence of appendicitis might have continued after 
one year. Masking of participants or clinicians to 
treatment allocation was not possible, and research 
assessors were also not masked.

In our trial, two-thirds of patients in the antibiotic group 
who needed an appendicectomy during the 30 days after 
treatment initiation had complicated appendicitis, 
consistent with previous studies.3,4 This fi nding could be 
interpreted as a failure of the antibiotics to prevent 
complications after non-operated acute uncomplicated 
appendicitis; however, if this were the case, the rate of 
complicated appendicitis discovered during appendi-
cectomy in the antibiotic group would be expected to be 
higher than that identifi ed in the appendicectomy group. 
In fact, complicated appendicitis was less frequent in the 
antibiotic group than in the appendicectomy group 
(table 2). Alternatively, complicated appendicitis might 
already have been present in these patients at the time of 
randomisation, despite not being diagnosed on CT scan, 
and some were successfully treated with amoxicillin plus 
clavulanic acid.

Therefore, our fi nding that antibiotic treatment with 
amoxicillin plus clavulanic acid was inferior relative to 
appendicectomy in patients with uncomplicated acute 
appendicitis might be related to the small proportion of 

patients with complicated appendicitis who were 
erroneously included and randomised. Distinction 
between uncomplicated and complicated appendicitis 
remains diffi  cult even with multiple-detector CT 
scans.21,22 Morphological diagnosis of appendiceal 
perforation depends on indirect but late signs, which 
are very specifi c but have a low sensitivity; however, 
Tsuboi and colleagues23 have suggested that morph-
ological diagnosis could be improved. Additionally, in 
our trial and other reports, visualisation of a stercolith 
on the initial CT scan predicted both complicated 
appendicitis in patients treated with appendicectomy22 
and failure in the antibiotic group.24 Even though 
complicated appendicitis can also be cured with 
antibiotics, further trials of such treatment of acute 

No improvement of 
appendicitis (n=13)

Without appendectomy 
during the fi rst month 
(n=102)

Age (years) 35 (13) 31 (9)

Sex

Men 10 (77%) 59 (58%)

Women 3 (23%) 43 (42%)

Clinical symptoms on admission

Sudden onset of pain* 8 (62%) 47 (46%)

Mean pain score (0–10)† 6·4 (1·9) 6·2 (2·0)

Body temperature (>37°C) 6 (46%) 29 (29%)

Lower-right quadrant-rebound tenderness 7 (54%) 46 (46%)

Biological fi ndings

Leucocyte counts (10⁹/L) 13·9 (3·3) 13·5 (3·7)

High CRP concentration‡ 9 (90%) 64 (67%)

Additional appendix CT fi ndings§

Local caecal-wall thickening  1 (8%) 15 (16%)

Infl ammation of periappendiceal fat 8 (67%) 40 (43%)

Intraluminal stercolith 6 (50%) 13 (14%)

Data are means (SD) or numbers (%). We calculated percentages using non-missing data. Comparison of 13 cases with 
absence of improvement after antibiotic treatment versus 102 without appendicectomy during the fi rst month. 
VAS=visual analogue scale. CRP=C-reactive protein. *All patients had abdominal pain, but only some presented with 
sudden onset pain. †Pain assessed with the visual analogue score >4. ‡High C reactive protein denotes concentrations 
above normal values as defi ned by hospital laboratories. §CT fi ndings additional to inclusion and exclusion criteria 
(appendix diameter >6 mm and no extra luminal gas, periappendiceal fl uid, and disseminated intraperitoneal fl uid).

Table 6: Association between risk factors and absence of improvement of appendicitis in the 
antibiotic-treatment group

Panel: Research in context

Systematic review
Four trials comparing antibiotic treatment with emergency 
appendicectomy have been reported.2–5 They all concluded that 
acute appendicitis can be treated successfully with 
antibiotics,2–5 and some suggested that antibiotics might be 
used as fi rst-line treatment for unselected patients with acute 
appendicitis.4 A meta-analysis of three trials showed a trend 
towards a lower risk of complications in the antibiotic-treated 
group than in the surgical group.6 However, results of these 
trials had several protocol design limitations, especially the 
loose criteria chosen for the defi nition of acute appendicitis—
diagnosis of acute appendicitis was based on clinical 
examination,2,3 the clinical-biological score,5 and 
ultrasonography of the right iliac fossa,4 but a CT scan before 
randomisation was not used to confi rm the diagnosis. Because 
of absence of morphological investigation in the surgical 
group of two large trials, 10–15% of patients did not have 
appendicitis,4,5  and 39–48% had complicated appendicitis.3,4

High rate of protocol violation was also a limitation in one 
study—50% of patients allocated to antibiotic treatment 
underwent appendicectomy immediately after 
randomisation.4 Rate of patients lost to follow-up by 1 year in 
two trials were problematic:3,4 in one the rate was very high4 
and in the other it was not clearly reported.3 Therefore, 
results from these studies might underestimate the true 
recurrence rate. Consequently, whether antibiotics are a 
genuinely valid alternative to appendicectomy for treatment 
of acute uncomplicated appendicitis remains unclear.

Interpretation 
Our trial is the fi rst trial in which patients were included and 
randomised patients only after proven diagnosis of acute 
uncomplicated appendicitis by CT scanning. Treatment with 
amoxicillin and clavulanic acid was not as eff ective as 
emergency appendicectomy for treatment of acute 
appendicitis. Our results show that exploration of predictive 
markers on CT scans might allow improvement in patient 
selection for antibiotic-based treatment.
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appendicitis should focus on use of new diagnostic 
techniques for improved patient selection.

The inferiority of antibiotic treatment versus 
appendicectomy could be also related to appendicitis 
resistant to amoxicillin plus clavulanic acid. Evidence 
shows that resistance of Escherichia coli to this antibiotic 
combination is increasing.25 Third-generation cepha-
losporins could be used, although they are not yet 
recommended.26

Nearly a quarter of our patients who recovered after 
antibiotic treatment had recurrence of appendicitis; this 
fi nding is more than the 14% reported in previous 
studies.3,4 This diff erence could be explained by the high 
rate of patients lost to 1-year follow-up in previous trials.3,4 
Our results suggest that emergency appendicectomy 
remains the gold standard for treatment of acute 
uncomplicated appendicitis (panel).
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