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Abstract

Background: Antibiotics are safe and efficient for CT-diagnosed uncomplicated acute appendicitis. Identifying predictive factors of 
primary non-responsiveness or recurrence would further improve antibiotic treatment success and safety.

Methods: All patients treated with antibiotics in two large RCTs (APPAC and APPAC II) were included. The primary non-responsiveness 
analysis compared patients operated on within 30 days after randomization for complicated appendicitis with either patients 
presenting with uncomplicated appendicitis at surgery within 30 days or patients with successful antibiotic treatment during 3- 
year follow-up. Prognostic factors for appendicitis recurrence were assessed by comparing patients with successful antibiotic 
treatment with patients with acute appendicitis operated on after 30 days of initial antibiotics.

Results: Of 856 patients randomized to antibiotics (mean(s.d.) age of 36(12) years; 365 (42.6%) were women), 832 were eligible for non- 
responsiveness analysis and 732 for appendicitis recurrence analysis. Findings associated with primary non-responsiveness on 
admission included an appendiceal diameter ≥15 mm (adjusted risk ratio (RR) 4.00 (95% c.i. 2.00 to 7.92) (P < 0.001)) and a body 
temperature >38°C (adjusted RR 2.76 (95% c.i. 1.27 to 6.03) (P = 0.011)). During the first 6–30 h after admission, C-reactive protein 
(CRP) ≥100 mg/l (negative predictive value of 99%) and leucocyte count ≥9 × 109/l were associated with primary non-responsiveness 
(adjusted RR 8.29 (95% c.i. 3.69 to 18.63) (P < 0.001) and adjusted RR 4.44 (95% c.i. 1.79 to 11.05) (P = 0.001) respectively). No prognostic 
findings for appendicitis recurrence were identified.

Conclusion: Patients with an appendiceal diameter ≥15 mm and a body temperature >38°C may not be optimal candidates for non- 
operative treatment for uncomplicated acute appendicitis. Patients with CRP <100 mg/l at 24 h of antibiotic treatment for 
uncomplicated acute appendicitis have a 99% likelihood of successful antibiotic therapy.

Registration numbers: NCT03236961 and NCT01022567 (http://www.clinicaltrials.gov).
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Introduction
According to current understanding, appendicitis can be 
divided by severity into two different disease entities, 
uncomplicated and complicated acute appendicitis1–3, 
enabling different treatments. The long-standing belief that 
all instances of appendicitis invariably lead to perforation 
unless patients are operated on4,5 appears to be applicable 
only to complicated acute appendicitis and the majority of 
instances of appendicitis are uncomplicated. Contemporary 
studies show that uncomplicated acute appendicitis can be 
safely and efficiently managed with antibiotics6–10 and also in 
an outpatient setting8,11,12. However, there is still a lack of 
established and consistent criteria for distinguishing between 
uncomplicated and complicated acute appendicitis. 
Consequently, the objective findings minimizing 
non-responsiveness to initial antibiotics and therefore 
facilitating safe outpatient management for patients with 
uncomplicated appendicitis are yet to be defined.

The presence of an appendicolith has been shown to be 
associated with an increased risk of primary non-responsiveness 
to antibiotics10,13–15 and is therefore often considered as a 
feature of complicated appendicitis. Furthermore, in a 
secondary analysis of the APPAC II trial assessing the potential 
preintervention findings associated with primary 
non-responsiveness to antibiotics, an appendiceal diameter 
≥15 mm and a body temperature >38°C were associated with 
non-responsiveness to antibiotics16 and added as further 
exclusion criteria in the ongoing APPAC IV double-blind RCT, 
comparing oral moxifloxacin and placebo for uncomplicated 
acute appendicitis in an outpatient setting17. Besides successful 
initial treatment, the long-term risk of possible recurrent 
appendicitis is a key component of optimizing non-operative 
management and patient satisfaction18. The longest follow-up 
to date is from the APPAC trial, reporting an appendectomy rate 
of 39.1% at 5 years after initial antibiotics based on the study 
protocol of appendectomy for all patients with suspected 
appendicitis recurrence. These results were recently 
corroborated by consistent 3-year findings of the APPAC II trial, 
with appendectomy rates of 36.6% after oral antibiotics only and 
34.8% after intravenous followed by oral antibiotics. No 
preintervention prognostic factors for recurrent appendicitis 
have yet been identified.

The aim of this study was to assess possible preinterventional 
on-admission findings and post-treatment findings during 
the first day that could be associated with primary 
non-responsiveness to antibiotics, adding to the previously 
reported secondary analysis of the APPAC II trial16 by combining 
patients from the APPAC trial and the APPAC II trial to achieve a 
larger sample size. The second novel aim was to evaluate 
possible baseline prognostic factors for appendicitis recurrence 
after initial successful antibiotic treatment of uncomplicated 
acute appendicitis. The primary objective was to further 
optimize patient selection and consequently increase the safety 
and efficacy of non-operative management of uncomplicated 
acute appendicitis.

Methods
Trial design, participants, and interventions
The patient population for this study was a combination of two 
earlier RCTs (APPAC and APPAC II7,9,19,20) assessing 
non-operative management of CT-confirmed uncomplicated 

acute appendicitis in patients aged 18–60 years. Briefly, the 
APPAC trial was a multicentre, open-label, non-inferiority RCT 
involving 530 patients at six hospitals in Finland7,19 and the 
APPAC II trial was a multicentre, open-label, non-inferiority 
RCT involving 603 patients at nine hospitals in Finland9,20. 
The trial protocols were approved by the ethics committee at 
the Hospital District of Southwest Finland and by institutional 
research boards at each participating site, the trials were 
performed in accordance with the Declaration of Helsinki, and 
all patients gave written informed consent. Criteria for 
uncomplicated acute appendicitis on CT included an 
appendiceal diameter >6 mm, a thickened, contrast-enhanced 
appendiceal wall, periappendiceal oedema and/or minor fluid 
collection, and the absence of criteria for complicated acute 
appendicitis (presence of an appendicolith, perforation, 
abscess, or suspicion of a tumour). Exclusion criteria included 
age <18 years or >60 years, peritonitis, contraindication for CT 
for example allergy to contrast media or iodine, pregnancy or 
lactation, kidney insufficiency or serum creatinine value 
exceeding the upper reference limit, metformin use, serious 
systemic illness (for example malignancy), failure to 
cooperate or give consent, and complicated acute appendicitis 
on CT. In the APPAC trial, all patients were randomized to 
either appendectomy or antibiotic treatment (intravenous 
ertapenem 1 g/day for 3 days followed by oral levofloxacin 
500 mg/day and metronidazole 500 mg 3 times/day for 7 
days)19. In the APPAC II trial, patients were randomized to 
receive either oral moxifloxacin (400 mg/day) for 7 days or 
intravenous ertapenem sodium (1 g/day) for 2 days followed 
by oral levofloxacin (500 mg/day) and metronidazole (500 mg 3 
times/day) for 5 days20.

Patients evaluated for factors associated with 
primary non-responsiveness to antibiotics
For analysis evaluating primary non-responsiveness to antibiotics 
within the first 3 years, all patients randomized to receive 
antibiotics within the APPAC trial (257 patients) and the APPAC 
II trial (603 patients) were assessed (Fig. 1). The patients 
undergoing appendectomy during the primary hospitalization 
with a finding of complicated acute appendicitis (40 patients) 
and either patients undergoing surgery for uncomplicated acute 
appendicitis within 30 days after randomization (42 patients) or 
patients with successful initial antibiotic treatment (no 
appendectomy within 30 days) (750 patients) were included in 
the analyses for the non-responsiveness. The patients 
undergoing surgery for uncomplicated acute appendicitis within 
the first 30 days were considered as having successful 
treatment, as the initial radiological diagnosis for the 
uncomplicated acute appendicitis was accurate at surgery. 
There were no official standardized criteria to proceed to 
appendectomy; this was left to the clinical judgement of the 
surgeon on call. To validate the accuracy of the final diagnosis 
in differentiating between uncomplicated and complicated 
acute appendicitis, two investigators (J.H. and S.S. or L.S.), who 
were unaware of each other’s evaluation, assessed the surgical 
and histopathological findings in a blinded manner. If there was 
disagreement, another investigator (P.S.) reviewed the diagnosis. 
The patients randomized to receive antibiotics and operated on 
within 30 days of randomization and with an operative finding 
of a normal appendix without inflammation were excluded, 
given that the initial diagnosis of appendicitis was incorrect (8 
patients).
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Patients evaluated for factors predicting 
appendicitis recurrence
For analysis assessing possible prognostic factors predicting 
recurrent appendicitis within the first 3 years after initial 
successful antibiotic treatment, all patients treated with 
antibiotics within the APPAC trial (257 patients) and the APPAC 
II trial (603 patients) were assessed. The patients operated on 
within 30 days after randomization, that is the potential 
non-responders, were excluded, as the symptoms leading to an 
early operation were considered more likely to be caused by the 
initial acute appendicitis, rather than recurrent acute 
appendicitis (90 patients). Patients operated on after 30 days 
with a normal appendix according to histopathology were 
deemed as not having recurrent appendicitis and were also 
excluded.

True appendicitis recurrence was defined as 
histopathologically confirmed acute appendicitis after an 
appendectomy performed at least 30 days after initial antibiotic 

treatment. According to the study protocols of both RCTs19,20, 
there were no predefined diagnostic criteria for diagnosing 
recurrent appendicitis and the diagnosis was made clinically by 
the surgeon on call without repeated CT and laparoscopic 
appendectomy was performed for suspected recurrent 
appendicitis.

Patient outcomes were evaluated by telephone interviews 
conducted at 3 years after the diagnosis. Patients were asked 
about appendicitis recurrence and potential symptoms. For 
patients who were not reached for follow-up by telephone or 
clinical visit, a search for electronical hospital records was 
conducted in each hospital district to assess possible 
appendicitis recurrence.

Outcome measures
The potential factors associated with antibiotic non-responsiveness 
registered on admission included age, sex, visual analogue scale 
(VAS) pain score, leucocyte count, body temperature, C-reactive 

APPAC II patients randomized to
receive antibiotic therapya n = 603

APPAC patients randomized to
receive antibiotic therapy n = 257

Eligible for analyses
assessing factors

predicting recurrent
appendicitis n = 732

Excluded n = 124
Surgery within 30 days after randomization in APPAC
trial n = 24
Surgery within 30 days after randomization in APPAC II
trial n = 66
Patients who withdrew their consent, dropoutsc n = 16
Normal appendix at surgery n = 16
Moved abroad n = 1
Died of trauma n = 1

Eligible for analyses
predicting primary

non-responsiveness
n = 832

Excluded n = 24
Randomized to receive antibiotics and operated on within
30 days and no appendicitis at surgery in APPAC trial n = 3
Randomized to receive antibiotics and operated on within
30 days and no appendicitis at surgery in APPAC II trial n = 5
Patients who withdrew their consent, dropoutsc n = 16

Baseline population n = 856:
all patients randomized to receive

antibiotics in APPAC and APPAC II
RCTs

Excluded due to randomization
protocol vialationb n = 4

Appendectomy for true recurrent
appendicitise within 3-year follow-up
n = 192

Uncomplicated acute appendicitis at
surgery n = 167
Complicated acute appendicitis at
surgery n = 25

No appendectomy for suspected
recurrent appendicitis within 3-year
follow-up n = 540

Primary responders and patients with
operative finding of uncomplicated
acute appendicitis n = 792

No surgery within 30 days after
randomization n = 750
Surgery within 30 days after
randomization and uncomplicated
acute appendicitis at surgery n = 42

Primary non-respondersd n = 40
Underwent appendectomy during
primary hospitalization n = 36
Underwent appendectomy after
primary hospitalization n = 4

Fig. 1 Flow of patients in a secondary analysis of two RCTs assessing prognostic factors associated with primary non-responsiveness to antibiotics 
and appendicitis recurrence for CT-diagnosed uncomplicated acute appendicitis 
aThree hundred and two patients from the group that received oral antibiotics and 301 patients from the group that received intravenous antibiotics followed by oral 
antibiotics. bPatients erroneously randomized, despite a finding of complicated acute appendicitis initially seen on CT imaging, were excluded from the analyses, 
according to the study protocol. cPatients who withdrew consent within 24 h of randomization who received a maximum of one dose of the randomized 
treatment were excluded from the analyses. Two patients, who withdrew their consent 5 and 7 days after randomization, were included in the analyses. 
dSurgery within 30 days after randomization and complicated acute appendicitis at surgery. eAcute appendicitis confirmed by histopathological findings after 
appendectomy for suspected recurrence.
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protein (CRP), symptom duration, and appendiceal diameter on CT. 
CRP and leucocyte count were also analysed during the first 6–30 h 
after admission. This time frame was selected considering that the 
patients’ first follow-up typically occurs the morning after 
admission. Given that patients are admitted at varying times, the 
range was designed to accommodate these differences.

In the analysis assessing possible prognostic factors predicting 
appendicitis recurrence, preinterventional factors of patients 
with successful antibiotic treatment and patients with a true 
recurrence were compared. The evaluated potential prognostic 
factors on admission included age, sex, VAS score at emergency, 
leucocyte count, body temperature, CRP, and appendiceal 
diameter.

Statistical analysis
Continuous variables are presented as mean(s.d.) or median 
(interquartile range) and differences between treatment groups 
were tested using one-way ANOVA or the Kruskal–Wallis test, 
depending on the distribution. Categorical variables are 
presented as n (%) and differences between groups were tested 
using the chi-squared test. Differences in baseline 
characteristics between different groups were tested to assure 
the similarity of patients in the APPAC and APPAC II studies.

Factors associated with antibiotic non-responsiveness 
(appendiceal diameter on CT imaging, CRP, leucocyte count, 
body temperature, age, sex, VAS score, and symptom duration) 
were analysed using a binomial generalized linear model 
(log-binomial model). Study centre was used in the model as a 
study design factor (random effect). Randomization group (3 
categories) was also used as a study design factor (fixed effect) 
to account for the effects of study (APPAC and APPAC II) and 
different antibiotic treatments. Factors were evaluated first 
using a univariable approach and then significant variables were 
included in a multivariable model. Associations of the 
prognostic factors with outcomes are described using risk ratios 
(RRs) with 95% confidence intervals. Receiver operating 
characteristic (ROC) curves were used to assess the clinical 
value of CRP and leucocyte count on admission and 6–30 h 
after admission, and the difference between those values. 
Optimal cut-off points were evaluated for CRP and leucocyte 
count using clinical evaluation and ROC curves. Areas under 
the ROC curves (AUCs) with 95% confidence intervals are 
presented, as well as sensitivities, specificities, and negative 
predictive values, with 95% confidence intervals. A Cox 
proportional hazards model was used to evaluate the 
prognostic factors for recurrent appendicitis. Randomization 
group (3 categories) was used as a study design factor (fixed 
effect) in the model to account for the effects of study (APPAC 
and APPAC II) and different antibiotic treatments. Each 
prognostic factor was analysed separately to find significant 
factors, but, because there were no significant findings, no 
further analyses were performed. A proportional hazards 
assumption was evaluated using scaled Schoenfeld residuals, 
which were plotted against time for each variable to evaluate 
possible systematic trends. HRs with 95% confidence intervals 
are presented to describe the associations.

The analyses were based on the intention-to-treat principle. 
P < 0.050 was considered statistically significant. Statistical 
analyses were carried out using the SAS system for Windows®, 
version 9.4 (SAS Institute Inc., Cary, NC, USA) and figures were 
drawn using R 4.2.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

Results
See Fig. 1 for the study flow chart. A total of 4891 patients (1379 in 
the APPAC trial and 3512 in the APPAC II trial) were assessed and 
1133 patients (530 in the APPAC trial and 603 in the APPAC II trial) 
underwent randomization. Altogether, 856 patients (257 in the 
APPAC trial and 599 in the APPAC II trial) were randomized to 
receive antibiotics (mean(s.d.) age of 36(12) years; 365 (42.6%) 
were women). The baseline characteristics of the trial patients 
are presented in Table 1. The only statistically significant 
difference in the baseline demographics between these trials 
was appendiceal diameter on CT. The mean(s.d.) appendiceal 
diameter was 11.4(2.52) mm in the APPAC trial, 10.7(2.35) mm in 
the APPAC II trial for the group that received intravenous 
antibiotics followed by oral antibiotics, and 10.9(2.61) mm in the 
APPAC II trial for the group that only received oral antibiotics 
(P = 0.008). At 3-year follow-up of appendicitis recurrence, the 
combined follow-up rate was 99.6% (853 of 856).

Preintervention factors associated with primary 
non-responsiveness to antibiotics
In the analysis of primary non-responsiveness, there were 832 
antibiotic-treated patients available (254 from the APPAC trial 
and 578 from the APPAC II trial; 349 (42.0%) were women) 
(Fig. 1). Out of the 832 patients, 750 (90.1%) did not undergo 
surgery within 30 days of randomization and 42 (5.0%) 
underwent appendectomy for uncomplicated acute appendicitis 
within 30 days of randomization; 40 (4.8%) were primary 
non-responders to antibiotics, who underwent appendectomy 
for complicated acute appendicitis within 30 days of 
randomization.

In the univariable analysis, an appendiceal diameter ≥15 mm 
on CT, CRP, leucocyte count, and a body temperature >38°C on 
admission were associated with primary non-responsiveness to 
antibiotic therapy. The adjusted RR for primary antibiotic 
non-responsiveness was 3.52 (95% c.i. 1.84 to 6.74) (P < 0.001) for 
an appendiceal diameter ≥15 mm on admission, 1.07 (95% c.i. 
1.02 to 1.13) (P = 0.011) for a 10-unit increase in CRP on 
admission, 1.10 (95% c.i. 1.03 to 1.18) (P = 0.005) for leucocyte 
count on admission, and 2.73 (95% c.i. 1.28 to 5.82) (P = 0.010) for 
a body temperature >38°C on admission. The RRs for 
univariable analysis for other evaluated factors were not 
statistically significant and all RRs are presented in detail in 
Table 2. The multivariable model results were very similar to the 
univariable analysis (Table 3).

Immediate (6–30 h) postinterventional factors 
associated with primary non-responsiveness to 
antibiotics
The patient population analysed during the first 6–30 h after 
admission was similar to the patient population at the time 
of admission. The ROC curves for CRP and leucocyte count on 
admission and during the first 6–30 h after admission, and the 
change in CRP and leucocyte count during the first day are 
presented in Fig. 2. CRP and leucocyte count measured 6–30 h 
after admission had best clinical value (AUC 0.85 (95% c.i. 0.76 
to 0.93) and 0.78 (95% c.i. 0.72 to 0.85) respectively). The 
sensitivity, specificity, and negative predictive value were 75.0% 
(95% c.i. 60.0% to 90.0%), 84.2% (95% c.i. 81.5% to 86.8%), and 
98.7% (95% c.i. 97.9% to 99.6%) respectively for CRP ≥100 mg/l 
and 82.4% (95% c.i. 69.5% to 95.2%), 69.8% (95% c.i. 66.5% to 
73.2%), and 98.8% (95% c.i. 97.9% to 99.8%) respectively for 
leucocyte count ≥9 × 109/l. CRP ≥100 mg/l and leucocyte count 
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≥9 × 109/l during the first 6–30 h after admission were associated 
with primary non-responsiveness to antibiotic therapy; in 
univariable analysis the adjusted RR was 14.52 (95% c.i. 6.72 to 
31.41) (P < 0.001) and 10.09 (95% c.i. 4.24 to 24.02) (P < 0.001) 
respectively and in the multivariable model the adjusted RR was 
8.29 (95% c.i. 3.69 to 18.63) (P < 0.001) and 4.44 (95% c.i. 1.79 to 
11.05) (P = 0.001) respectively.

Factors predicting recurrent appendicitis
In the analysis of recurrent appendicitis, 732 patients (mean(s.d.) 
age of 36(12) years) were available, 229 (mean(s.d.) age of 36(12) 
years) from the APPAC trial19 and 503 (mean(s.d.) age of 35(12) 
years) from the APPAC II trial21; 298 (40.7%) were women (Fig. 1). 
Out of all 732 patients, 192 (26.2%) underwent appendectomy 
for true recurrent appendicitis during the 3-year follow-up; 167 
(87.0%) had uncomplicated acute appendicitis at surgery and 25 
(13.0%) had complicated acute appendicitis at surgery. The 
appendectomy rate at 3 years was 27.8% (208 of 748). There 
were no statistically significant findings in the factors evaluated 
for predicting appendicitis recurrence and the results are 
presented in detail in Table 4.

Discussion
In this analysis assessing primary non-responsiveness to initial 
antibiotics in CT-diagnosed uncomplicated acute appendicitis, 
patients with an appendiceal diameter ≥15 mm or a body 
temperature >38°C on admission were found to have an 
increased risk of primary antibiotic non-responsiveness. In 
addition, immediate postintervention findings of CRP ≥100 mg/l 
and leucocyte count ≥9 × 109/l during the first 6–30 h after 
admission were also found to be associated with primary 
antibiotic non-responsiveness. CRP at a cut-off of ≥100 mg/l at 
6–30 h after initiation of antibiotics yielded a negative predictive 
value of 99%; thus, for CRP <100 mg/l there is a 99% probability 
of successful primary antibiotic treatment. There were no 
prognostic factors for appendicitis recurrence.

Oral antibiotics for uncomplicated acute appendicitis enable 
possible outpatient management, resulting in substantial cost 
savings and benefits in the use of hospital resources. In the large 
CODA trial, outpatient management of appendicitis was already 
proven safe, despite the inclusion of patients with a more 
complicated course of acute appendicitis, as approximately half 
of the participants (46.1%) randomized to receive antibiotics in 
the CODA trial underwent outpatient management with 
hospital discharge within 24 h without an increased rate of 
complications compared with those patients admitted to the 
hospital12. Safe outpatient management highlights the need for 
accurate patient selection and the importance of choosing the 
optimal primary treatment. Identifying patients at higher risk of 
appendectomy after antibiotic treatment could be valuable for 

Table 1 Patient baseline characteristics in the APPAC trial and the APPAC II trial

All patients randomized to 
antibiotics (n = 856)

APPAC (intravenous +  
oral) (n = 257)

APPAC II (intravenous +  
oral) (n = 298)

APPAC II (oral)  
(n = 301)

P

Male sex 491 (57.4) 155 (60.3) 172 (54.5) 164 (57.7) 0.378§
Age (years), mean(s.d.) 36(12) 36(12) 35(11) 36(12) 0.552¶
VAS score for pain on 

admission, mean(s.d.)*
5.23(2.3) 5.23(2.3) 5.28(2.4) 5.20(2.3) 0.894¶

Body temperature (°C), 
mean(s.d.)

37.2(0.6) 37.2(0.6) 37.2(0.6) 37.2(0.6) 0.417¶

Leucocyte count (×109/l), 
median (interquartile range)†

12.0 (9.1–14.8) 11.5 (8.9–14.2) 12.2 (9.1–14.9) 12.5 (9.4–14.6) 0.073#

CRP (mg/l), median 
(interquartile range)†

32.0 (11.0–62.0) 39.3 (11.0–64.0) 34.0 (12.0–61.0) 29.0 (11.0–60.0) 0.707#

Appendiceal diameter on CT 
imaging (mm), mean(s.d.)‡

11.0(2.51) 11.4(2.52) 10.7(2.35) 10.9(2.61) 0.008¶

Values are n (%) unless otherwise indicated. *Score range = zero to ten (a score of 0 indicates no pain and a score of 10 indicates the worst possible pain). †Reference 
range for leucocyte count = 3.4–8.2 × 109/l and the reference value for CRP is <10 mg/l. ‡Defined as the outer to outer surface appendiceal diameter measured from 
the widest part of the appendix on the axial plane (that is perpendicular to the longitudinal axis). A diameter of ≤6 mm was considered normal, whereas a diameter 
>6 mm with signs of acute inflammation (thickened and contrast-enhancing appendiceal wall with periappendiceal oedema and/or minor fluid collection) were the 
criteria for diagnosis of acute appendicitis. §Analysed using the chi-squared test. ¶Analysed using one-way ANOVA. #Analysed using the Kruskal–Wallis test. VAS, 
visual analogue scale; CRP, C-reactive protein.

Table 2 Univariable analysis assessing factors predicting 
primary non-responsiveness to antibiotics in uncomplicated 
acute appendicitis

Factor* RR (95% c.i.) P

Appendiceal diameter on CT imaging 
≥15 mm

3.52 (1.84,6.74) < 0.001

CRP† 1.07 (1.02,1.13) 0.011
Leucocyte count 1.10 (1.03,1.18) 0.005
Body temperature >38°C 2.73 (1.28,5.82) 0.010
Age 1.02 (0.99,1.05) 0.120
Sex 0.98 (0.54,1.80) 0.960
VAS score for pain on admission 1.13 (0.98,1.31) 0.086
Symptom duration (h) 0.646

Over 18 versus 0–6 3.30 (0.45,24.13)
Over 18 versus >6–<12 0.72 (0.35,2.05)
Over 18 versus >12–18 0.95 (0.45,2.00)

*Factors associated with antibiotic non-responsiveness were analysed using a 
log-binomial model. †Ratio defined for a 10-unit increase. RR, risk ratio; CRP, 
C-reactive protein; VAS, visual analogue scale.

Table 3 Multivariable analysis assessing factors predicting 
primary non-responsiveness to antibiotics in uncomplicated 
acute appendicitis

Factor* RR (95% c.i.) P

Appendiceal diameter on CT imaging 
≥15 mm

4.00 (2.00,7.92) <0.001

CRP† 1.08 (1.03,1.15) 0.005
Leucocyte count 1.10 (1.02,1.19) 0.017
Body temperature >38°C 2.76 (1.27,6.03) 0.011

*Factors associated with antibiotic non-responsiveness were analysed using a 
log-binomial model. †Ratio defined for a 10-unit increase. RR, risk ratio; CRP, 
C-reactive protein.
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guiding treatment decisions. The finding of CRP ≥100 mg/l during 
the first 6–30 h after admission having a negative predictive value 
of 99% can be considered an accurate objective measure when 
evaluating the effectiveness of treatment shortly after initiation 
of antibiotics. Considering the variability of patient symptom 
resolution, such an objective measure would be helpful to aid 
clinicians in the assessment of the effectiveness of an initiated 
treatment when there is ambiguity, with the potential to 
decrease the number of unnecessary appendectomies due to 
uncertainty related to the initiated non-operative approach.

The on-admission findings of an appendiceal diameter ≥15 mm 
and a body temperature >38°C were prognostic factors for 
non-responsiveness in this study, corroborating previously 
reported studies13,16. Patients with a larger appendiceal 

diameter may not be optimal candidates for non-operative 
management and these patients should be considered for 
emergency appendectomy. The large CODA trial found that 
female sex was associated with an increased risk of 
appendectomy within the first 30 days of initial antibiotics13, in 
contrast to this study, where female sex did not increase the 
risk of appendectomy for complicated acute appendicitis, that is 
true non-responsiveness, highlighting the need for more 
disease-related objective tools to assess the effectiveness of 
initiated treatments. Besides single characteristics evaluating 
appendicitis severity, efforts have been made towards a 
composite endpoint. The recently published Scoring System of 
Appendicitis Severity (SAS) 2.022 assesses the probability of 
having complicated disease by combining objective clinical, 
laboratory, and imaging findings, and one subjective 
parameter of numeric pain rating scale. However, SAS 2.0 
does not provide any treatment recommendations; it is 
merely a tool for improving the differential diagnosis of 
appendicitis severity. Wider appendiceal diameter, higher 
body temperature, and the presence of an appendicolith are 
taken into account in SAS 2.022.

Given the substantial evidence from multiple RCTs supporting 
the safety and efficacy of antibiotics for acute appendicitis7,15,23,24, 
the present study also aimed to address the knowledge gap 
regarding potential prognostic factors for appendicitis 
recurrence. The exact mechanisms leading to recurrent 
appendicitis are unknown, but it seems likely that recurrence is 
a multifactorial issue potentially including microbiological and 
immunological factors. Among patients with uncomplicated and 
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Fig. 2 ROC curves for CRP and leucocyte count on admission and during the first 6–30 h after admission, and the change in CRP and leucocyte count 
during the first day 

ROC, receiver operating characteristic; CRP, C-reactive protein.

Table 4 Analysis assessing prognostic factors for appendicitis 
recurrence after initial antibiotic treatment

Factor* HR (95% c.i.)† P

Age 1.00 (0.99,1.01) 0.934
Sex 0.93 (0.70,1.25) 0.642
VAS score for pain on admission 1.03 (0.97,1.10) 0.327
Leucocyte count 1.02 (0.98,1.05) 0.370
Body temperature 1.18 (0.62,2.24) 0.611
CRP 1.00 (0.99,1.00) 0.211
Appendiceal diameter on CT imaging 1.05 (0.99,1.11) 0.101

*The prognostic factors for recurrent appendicitis were evaluated using a Cox 
regression model. †Trial group (APPAC, APPAC II—intravenous antibiotics 
followed by oral antibiotics, and APPAC II—only oral antibiotics) included in the 
analysis. VAS, visual analogue scale; CRP, C-reactive protein.
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complicated acute appendicitis differences in appendiceal 
microbiome have already been described25, but their potential 
role in appendicitis recurrence is unclear. In this study of 
patients treated with antibiotics for uncomplicated acute 
appendicitis, no clinical findings were predictive of appendicitis 
recurrence. In the recent cohort study from the CODA trial26

assessing factors associated with recurrent appendicitis, even 
the factors commonly related to appendicitis severity were not 
strongly associated with an increased risk of appendectomy in 
long-term follow-up after successful initial antibiotic treatment. 
Larger collaboration with extensive international scientific 
research on uncomplicated acute appendicitis has already been 
initiated and an individual patient data meta-analysis 
comparing antibiotics with appendicectomy for the treatment of 
uncomplicated acute appendicitis has been published10. This 
has contributed to establishing uniform and standardized 
criteria for distinguishing between uncomplicated and 
complicated instances of acute appendicitis before choosing the 
optimal treatment, but international collaboration could also 
assist in identifying preinterventional factors that predict 
appendicitis recurrence.

One concern with increasing non-operative management for 
uncomplicated acute appendicitis is the remaining uncertainty 
of possible undetected appendiceal neoplasms. However, the 
risk of appendiceal neoplasms is directly associated with 
appendicitis severity, underlining the importance of 
differentiating between uncomplicated and complicated 
acute appendicitis. The reported appendiceal tumour risk 
associated with complicated acute appendicitis (2.4%3) has 
been reported to be markedly higher compared with 
uncomplicated acute appendicitis (1.5%)3,27–30 with the 
highest prevalence of up to 14.3% in complicated acute 
appendicitis presenting with a periappendicular abscess in a 
recent large prospective cohort study3. These findings 
mitigate the risk of missed appendiceal neoplasms associated 
with antibiotic treatment of uncomplicated acute appendicitis.

This study has several limitations. The first limitation of 
this study is the relatively small number of patients with 
non-responsiveness to the antibiotics. This is due to the careful 
initial inclusion and exclusion criteria for the RCTs assessing 
specifically patients with CT-diagnosed uncomplicated acute 
appendicitis and demonstrates a strength of the initial RCT 
patient selection according to the study hypothesis. Second, the 
antibiotic treatment between the three groups varied. However, 
considering the similar characteristics of all three groups and 
the two trials, the identical inclusion criteria in both the APPAC 
trial and the APPAC II trial, and consistent results at 1-, 2-, and 
3-year follow-up, the variability of antibiotic treatments most 
likely has no clinical importance. Furthermore, recently even 
the need for antibiotics in uncomplicated acute appendicitis has 
been questioned17,31,32. In fact, if future research shows that 
uncomplicated acute appendicitis may resolve without 
antibiotics, the results of this study might offer valuable tools to 
aid in the selection of patients suitable for symptomatic 
treatment. The strengths of this trial include a large, 
randomized patient population with both a high follow-up rate 
and as accurate as possible diagnosis of appendicitis severity 
after appendectomy. In addition, the assessment for primary 
non-responders is as accurate as possible, as all of the patients 
operated on for uncomplicated acute appendicitis were 
excluded from the non-responder group.

In conclusion, this secondary analysis of two RCTs assessing a 
large population of patients initially treated with antibiotics found 

an appendiceal diameter ≥15 mm and a body temperature >38°C 
on admission to be associated with non-responsiveness to 
antibiotics for uncomplicated acute appendicitis. After initiation 
of antibiotics, CRP ≥100 mg/l and leucocyte count ≥9 × 109/l 
during the first 6–30 h after admission showed an association 
with non-responsiveness to antibiotics. Conversely, patients 
with CRP <100 mg/l at 24 h of antibiotic treatment for 
uncomplicated acute appendicitis have a 99% likelihood of 
successful non-operative primary management. These findings 
can aid clinicians and patients to optimize the primary joint 
treatment decisions and assess the effectiveness of the initiated 
non-operative treatment in CT-confirmed uncomplicated acute 
appendicitis.
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