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Abstract
Background and aims: Antibiotics for computed tomography (CT)-confirmed uncomplicated 
acute appendicitis is a safe and feasible treatment alternative highlighting the importance of accurate 
pre-interventional differentiation between uncomplicated and complicated appendicitis. CT is the 
gold standard in assessing appendicitis severity. The aim of this study was to assess potential 
prognostic CT factors for complicated acute appendicitis.
Methods: A large prospective patient cohort was collected in concurrence with enrollment in 
two randomized clinical trials between April 2017 and November 2018 with CT-diagnosed acute 
appendicitis with both available histopathology and surgical diagnosis. The main aim was to evaluate 
the effect of appendiceal diameter on appendicitis severity. Other assessed CT variables included 
appendiceal wall enhancement defect and fluid and edema around the appendix. A subgroup analysis 
on patients without an appendicolith was performed.
Results: The main analysis included 3085 patients with CT-diagnosed appendicitis, and there were 
1965 patients without an appendicolith in the subgroup analysis. In both analyses, wider appendiceal 
diameter (p < 0.001) and appendiceal wall enhancement defect (p < 0.001) were associated with 
increased risk of complicated acute appendicitis. No clear cut-off point for appendiceal diameter 
association with complicated appendicitis could be determined. Among patients without an 
appendicolith, appendiceal wall enhancement defect had an odds ratio (OR) of 3.39 (95% confidence 
interval [CI] = 2.10 to 5.50) for complicated appendicitis.
Conclusions: Wider appendiceal diameter and appendiceal wall enhancement defect on 
CT are objective imaging findings associated with an increased risk of complicated acute 
appendicitis. These findings and risks should be acknowledged by clinicians when selecting the 
optimal treatment alternative for each patient and assessing whether a patient is suitable for 
non-operative treatment.
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Summary

This study indicates that wider appendiceal diameter and wall 
enhancement defect on CT increase the risk of complicated 
appendicitis, which can guide clinicians in selecting optimal 
treatment alternatives for acute appendicitis.

Context and relevance

The safety and effectiveness of antibiotic treatment for 
CT-confirmed uncomplicated acute appendicitis emphasize 
the need for accurate pre-treatment differentiation between 
uncomplicated and complicated acute appendicitis. There is 
still a large population of patients with acute appendicitis 
who appear to have a higher risk for appendectomy and non-
responsiveness to non-operative treatment. There is a major 
knowledge gap regarding the pre-interventional factors asso-
ciating with a higher risk of a more complicated course of the 
disease. In this study, a larger appendix diameter was associ-
ated with complicated acute appendicitis (p < 0.001) with no 
specific cut-off point. Appendiceal wall enhancement defect 
had an OR of 2.21 (95% CI = 1.55 to 3.16) for complicated 
acute appendicitis. Clinicians should acknowledge these 
findings and risks when selecting the optimal treatment alter-
native for each patient and assessing whether a patient is suit-
able for non-operative treatment.

Introduction

The over century-long paradigm of appendectomy as stand-
ard treatment for all patients with acute appendicitis has been 
challenged by the effectiveness and safety of non-operative 
treatment of computed tomography (CT) confirmed uncom-
plicated acute appendicitis.1–5 With epidemiological and clin-
ical data supporting the hypothesis that uncomplicated and 
complicated acute appendicitis are two different diseases,6–8 
pre-intervention differential diagnosis of acute appendicitis 
severity is crucial for optimal treatment selection.9,10 In order 
to optimize all appendicitis treatment alternatives, clinically 
the most important issue is to rule out complicated acute 
appendicitis by identifying potential findings associated with 
a more complicated course of the disease. Uncomplicated 
acute appendicitis can be treated with antibiotics2,11–13 and 
perhaps even with symptomatic therapy,14–16 while compli-
cated acute appendicitis most often requires emergency sur-
gery excluding patients with periappendicular abscess.17 
However, between these two forms of appendicitis severity 
lies a gray area in acute appendicitis, where some could ben-
efit from non-operative treatment and others from emergency 
appendectomy. Findings associated with non-responsiveness 
to antibiotics are not yet uniformly defined.

The presence of an appendicolith on pre-operative imag-
ing and enhancement defect of the appendiceal wall, as well 

as periappendiceal fluid, have all been reported to predict 
non-responsiveness to non-operative treatment.1,18–21 Another 
finding associated with a more complicated course of the dis-
ease is appendiceal diameter.22 Haijanen et  al.23 found that 
appendiceal diameter greater than or equal to 15 mm on CT was 
associated with primary non-responsiveness to antibiotic ther-
apy in a secondary analysis of the APPendicitis ACuta II 
Randomized Controlled Trial (APPAC II RCT).12 Kim et al.21 
performed a systematic review and meta-analysis in 2018 
concerning CT features for differentiating complicated and 
uncomplicated acute appendicitis. They identified ten CT 
features associated with complicated acute appendicitis: 
extra- and intraluminal appendicolith, periappendicular 
abscess, appendiceal wall enhancement defect, extraluminal 
air, ileus, periappendicular fluid collection, ascites, peri-
appendiceal fat stranding, and intraluminal air.

The main aim of this study was to assess whether appendiceal 
diameter is associated with appendicitis severity. The secondary 
aim was to identify other CT characteristics associated with com-
plicated acute appendicitis. Identification of potential prognostic 
pre-intervention CT findings could enable further improvement 
in patient selection for optimal treatment of acute appendicitis.

Methods

Study design

This study was a secondary analysis of a prospectively col-
lected patient data of patients evaluated for enrollment in two 
concurrent multicentre randomized controlled trials 
(RCTs).12,15 Briefly, APPAC II (NCT03236961) was a multi-
centre noninferiority RCT comparing oral antibiotics with 
intravenous followed by oral antibiotics in the treatment of 
CT-confirmed uncomplicated acute appendicitis.12,24 APPAC 
III (NCT03234296) was a multicentre, superiority double-
blind RCT comparing antibiotic therapy with placebo in the 
treatment of CT-confirmed uncomplicated acute appendici-
tis.15 The trial protocol for the RCTs was approved by the 
ethics committee of the Hospital District of Southwest 
Finland, the Finnish Medicines Agency, and by institutional 
boards at each participating hospital. All patients gave writ-
ten informed consent. The medical records of all patients 
assessed for eligibility in APPAC II or APPAC III due to sus-
pected acute appendicitis were reviewed for this study. This 
study included only patients with both CT-confirmed appen-
dicitis and available histopathology for reference standard 
diagnosis after surgery. The study population was collected 
from nine different hospitals. All study patients were imaged 
and treated with normal protocols of each hospital, and no 
standardized study protocol for intravenous enhanced CT 
imaging was used. Nevertheless, a standardized CT imaging 
report was used for all evaluated patients. The final clinical 
diagnosis was determined by two researchers already for the 
APPAC II12 and APPAC III15 RCTs based on both surgical 
and histopathological findings. The finding of intramural 
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neutrophil invasion of the removed appendix was required 
for the histopathological diagnosis of acute appendicitis. The 
surgical finding of perforation, appendiceal neoplasm, and/or 
periappendicular abscess was evaluated as complicated acute 
appendicitis as well as gangrene of the appendix, if supported 
by both surgery and histopathology. The presence of an 
appendicolith, whether found on CT or during surgery, was 
also classified as complicated acute appendicitis.

Outcome measures

Evaluated CT characteristics included appendiceal diame-
ter, fluid and edema around the appendix, and appendiceal 
wall enhancement defect. Patients were first divided into 
three groups—normal appendix, uncomplicated acute 
appendicitis, and complicated acute appendicitis—based on 
both surgical and histopathological findings. In the analysis 
of CT variables, patients were categorized into two: those 
with complicated acute appendicitis and those with uncom-
plicated acute appendicitis or a normal uninflamed appen-
dix. The primary CT variable was the diameter of appendix 
also aiming to identify a potential cut-off value predicting 
complicated acute appendicitis. Secondary CT variables 
included appendiceal wall enhancement defect and accumu-
lated fluid and edema around the appendix. A subgroup 
analysis for the same CT characteristics was performed for 
patients with no appendicolith on CT to eliminate the effect 
of appendicolith as a possible contributing factor for com-
plicated acute appendicitis.

Statistical methods

Categorical variables were characterized using frequencies 
and percentages, and continuous variables were described 
using medians with range or quartiles. Differences between 
groups were evaluated using Pearson’s Chi-square test for 
categorical variables and non-parametric Kruskall–Wallis 
test for continuous variables. Univariate binomial logistic 
regression was used to analyze associations of explanatory 
variables (appendiceal diameter, fluid, and edema around the 
appendix, and the appendix wall enhancement defect) to 
complicated appendicitis and results were quantified using 
odds ratios (ORs) with 95% confidence intervals (CIs). In 
addition, a multivariable binomial logistic regression analysis 
was conducted in further analyses of complicated appendici-
tis. The model included CT variables (appendiceal diameter, 
fluid, and edema around the appendix, and the appendix wall 
enhancement defect) and baseline characteristics (sex, age, 
body mass index, temperature, white blood cell count, and 
C-reactive protein). Receiver operating characteristic (ROC) 
curve was used to evaluate a possible cut-off point value for 
appendix diameter to predict complicated appendicitis and 
area under the ROC-curve (AUC) with 95% CIs was pre-
sented as a result. Sensitivity and specificity of possible cut-
off points with 95% CIs were also presented. In the subgroup 

analysis among patients without an appendicolith, CT char-
acteristics (appendiceal diameter, fluid, and edema around 
the appendix, and the appendix wall enhancement defect) 
were analyzed for possible association for complicated acute 
appendicitis similarly to the main analysis. Two-sided tests 
were used, and p-values less than 0.05 were considered statis-
tically significant. Statistical analyses were performed using 
SAS System for Windows, Version 9.4 (SAS Institute Inc, 
Cary, NC, USA).

Results

There were 3512 patients with clinical suspicion of acute 
appendicitis. Of these, 3085 had CT-confirmed acute appen-
dicitis with a final diagnosis based on histopathology and 
surgical finding, collected between April 1, 2017, and 
November 27, 2018. Out of these 3085 patients analyzed for 
potential predictive CT findings of complicated acute 
appendicitis, 1531 (49.6%) had complicated acute appendi-
citis, 1495 (48.5%) had uncomplicated acute appendicitis, 
and 59 (1.9%) had normal appendix with no inflammation 
(Fig. 1). Patient demographics and baseline characteristics 
are shown in Table 1.

In the univariate analysis, a larger appendiceal diameter 
was associated with complicated acute appendicitis 
(p < 0.001), but no clear cut-off point could be established 
(Table 2). AUC was 0.713 (95% CI = 0.695 to 0.731). 
Different variations of possible cut-off points for appendiceal 
diameter are presented in Supplementary Tables 1 and 2. Of 
the other assessed CT variables, appendiceal wall enhance-
ment defect (p < 0.001) and accumulated fluid around the 
appendix (p < 0.001) were associated with complicated acute 
appendicitis (Table 2). The appendiceal wall enhancement 
defect had an OR of 3.92 (95% CI = 2.91 to 5.28) for com-
plicated acute appendicitis.

In the multivariable analysis adjusted with baseline char-
acteristics, a larger appendiceal diameter was associated with 
complicated acute appendicitis (p < 0.001) and the OR for 
1 mm increase in appendiceal diameter for complicated acute 
appendicitis was 1.27 (95% CI = 1.23 to 1.32). The appendi-
ceal wall enhancement defect had an OR of 2.21 (95% CI = 
13.55 to 3.16; p < 0.001) for complicated acute appendicitis. 
In the multivariable analysis, accumulated fluid around the 
appendix was not statistically significantly associated with 
complicated acute appendicitis (p = 0.129, OR = 1.25 (95% 
CI = 0.94 to 1.67)).

In the subgroup analysis of patients presenting without an 
appendicolith, there were 1965 patients (Fig. 1). Out of these 
1965 patients, 411 (20.9%, n = 411/1965) had complicated 
acute appendicitis, 1495 (76.1%, n = 1495/1965) had uncom-
plicated acute appendicitis, and 59 (3.0%, n = 59/1965) 
patients had a normal appendix. In this subgroup analysis, the 
appendiceal diameter (p < 0.001), appendiceal wall enhance-
ment defect (p < 0.001), accumulated fluid around the 
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N=3512

Pa�ents with clinical suspicion of 
acute appendici�s during 

enrolment of APPAC II and APPAC 
III RCTs* 1.4.2017 – 27.11.2018

N=3085

CT-diagnosed appendici�s and 
available histopathology a�er 

surgery.

Final diagnosis:

Normal N=59

Uncomplicated N=1495

Complicated N=1531

Excluded N=427

Pa�ents without CT  
N=147

Pa�ents with normal 
appendix on CT N=276

Pa�ents without 
histopathology 
available  N=4

Main analysis

N=1965

CT-diagnosed appendici�s and 
available histopathology a�er 

surgery, no appendicolith.

Final diagnosis:

Normal N=59

Uncomplicated N=1495

Complicated N=411

Excluded N=1120

Pa�ents with
appendicolith on 

imaging or at surgery

Subgroup analysis

Fig. 1.  Patient flowchart.
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appendix (p < 0.001), and edema around the appendix 
(p = 0.044) were all associated with complicated acute appen-
dicitis (Table 3). The appendiceal wall enhancement defect 
had an OR of 5.65 (95% CI = 3.65 to 8.73) for complicated 
appendicitis.

In the multivariable subgroup analysis excluding patients 
with appendicoliths, larger appendiceal diameter had an OR 
of 1.21 (95% CI = 1.15 to 1.28; p < 0.001) for complicated 
acute appendicitis, while appendiceal wall enhancement 
defect had an OR of 3.39 (95% CI = 2.10 to 5.49; p < 0.001). 
Accumulated fluid around the appendix had no association 
with complicated acute appendicitis (p = 0.129). As in the 
main analysis, edema around the appendix showed the oppo-
site effect for complicated acute appendicitis, with an OR of 
0.64 (95% CI = 0.47 to 0.86; p = 0.003).

Discussion

This study demonstrated a statistically significant association 
between a wider appendiceal diameter on CT and compli-
cated acute appendicitis. Even though a clear cut-off point 
could not be determined, this study showed that appendiceal 
diameter is an important factor associated with appendicitis 
severity. Furthermore, in patients without an appendicolith, 
an appendiceal wall enhancement defect increases the prob-
ability of complicated appendicitis to 3.4-fold compared to a 
finding of even enhancement of the appendiceal wall. In clin-
ical practice, these findings may support clinical decision-
making and patient information when assessing optimal 
treatment options for patients with acute appendicitis.

Like many other surgical diseases, the treatment of acute 
appendicitis has been shifting more toward a non-operative 
approach in recent years based on robust data from 

RCTs.2,3,11–13 It is nowadays generally acknowledged that 
most patients with imaging-confirmed uncomplicated acute 
appendicitis without an appendicolith can be treated with 
antibiotics.11,25 However, no standardized definitions of 
appendicitis severity exist, and this knowledge gap must be 
addressed to optimize all treatment options. Optimization of 
antibiotic treatment of acute appendicitis requires identifying 
factors associated with non-responsiveness to antibiotics. 
With this in mind, we evaluated potential prognostic factors 
associated with complicated acute appendicitis visible on 
pre-intervention CT imaging. In addition, the role of antibiot-
ics in the treatment of uncomplicated acute appendicitis still 
needs to be defined14 as even symptomatic therapy alone has 
shown promising results.15,16,26

The appendiceal diameter of 7 mm or wider on CT is com-
monly accepted as criteria for uncomplicated acute appendi-
citis.27 Haijanen et al.23 reported that appendiceal diameter of 
greater than or equal to 15 mm was associated with the risk of 
primary antibiotic non-responsiveness. This study aimed to 
find more accurate cut-off point for clinical use, but no clear 
cut-off point could be determined. The chosen cut-off point 
depends on balancing sensitivity and specificity, as well as 
the level of risk acceptable to the patient and clinician when 
choosing between non-operative and surgical management. 
The findings of this study also corroborate with the findings 
from the CODA trial reporting OR of 1.09 (95% CI = 1.00% 
to 1.18) for complicated appendicitis for every 1 mm increase 
in the appendiceal diameter.22

For the other CT characteristics assessed in this study, 
similar outcomes have been shown in other studies.21,28 For 
example, Hong et al.29 showed that appendiceal wall enhance-
ment defect was statistically significant in antibiotic treat-
ment failure in patients with appendicitis and appendiceal 
diameter less than 12 mm. In this study, appendiceal wall 

Table 1.  Patient demographics and baseline characteristics.

N N miss All Complicated 
appendicitis

Uncomplicated 
appendicitis

Normal 
appendix

N 3085 0 3085 1531 (49.6%) 1495 (48.5%) 59 (1.9%)

Sex, male 1636 0 1636 (53.0%) 854 (52.2%) 762 (44.6%) 20 (1.2%)

Median age, years (range) 3085 0 40 (16–95) 44 (16–95) 36 (16–92) 42 (19–77)

Median body mass index, kg/m2 (range) 2961 124 26.6 (16.5–62.2) 26.7 (16.5–60.5) 26.6 (16.6–62.2) 26.2 (19.3–46.5)

Median body temperature, °C (SD) 2839 246 37.5 (0.7) 37.6 (0.8) 37.2 (0.7) 37.2 (0.7)

Median WBCs*, x109/L (range) 3076 9 12.9 (1.2–62.0) 13.7 (1.2–31.8) 12.2 (1.7–62.0) 10.8 (2.9–21.3)

Median CRP#, mg/L (range) 3072 13 39.0 (0.0–597.0) 48.0 (0.0–597.0) 32.0 (0.0–380.0) 61.5 (1.0–462.0)

Median appendix diameter, mm (range) 3012 73 12.0 (3.0–30.0) 13.0 (5.0–30.0) 11.0 (5.0–25.0) 8.5 (3.0–23.0)

Appendiceal wall enhancement defect 3085 0 267 208 (77.9%) 56 (21.0%) 3 (1.1%)

Accumulated fluid around the appendix 3085 0 351 218 (62.1%) 127 (36.2%) 6 (1.7%)

Edema around the appendix 3085 0 1907 923 (48.4%) 951 (49.9%) 33 (1.7%)

*WBC, White blood cell count
#CRP, C-reactive protein.
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enhancement defect was associated with complicated acute 
appendicitis indicating that emergency appendectomy may 
be a better option for patients with acute appendicitis and 
appendiceal wall enhancement defect. The problem with 
these secondary outcome CT characteristics (enhancement 
defect, fluid, edema) is their subjectivity compared to the 
objective nature of appendiceal diameter. Thus, internation-
ally standardized definitions and criteria for these outcomes 
are needed to enable consistency between different trials and 
clinical guidelines. Fluid and edema are commonly seen 
around the appendix in acute appendicitis. This study showed 

statistical significance in both fluid around the appendix and 
in edema around the appendix associated with complicated 
appendicitis in patients without appendicolith. However, this 
statistical significance does not relate to any clinical signifi-
cance in the differential diagnosis of appendicitis severity, as 
in patients with complicated acute appendicitis 57.8% 
(238/411) had edema around the appendix, while in patients 
with uncomplicated acute appendicitis, the corresponding 
number was 63.3% (984/1554), respectively.

This study had several limitations. The first limitation of 
this study is that the assessed variables, such as appendiceal 

Table 2.  The association of appendiceal CT characteristics with complicated acute appendicitis.

Missing 
information 
(N)

Complicated acute 
appendicitis*

Uncomplicated 
acute 
appendicitis#

p-value Odds ratioa  
(95% CI)e

p-valued Odds ratiod

(95% CI)

N (%) 0 1531 (49.6%) 1554 (50.4%)  

Median appendiceal 
diameter, mm (Q1, Q3)

73 13.0 (11.0–15.0) 11.0 (9.0–12.0) < 0.001a 1.326 (1.287–1.367)c < 0.001 1.27 (1.22–1.32)

Appendiceal wall 
enhancement defect, N (%)

65 208/1511 (13.8%) 59/1509 (3.9%) < 0.001b 3.923 (2.910–5.288) < 0.001 2.21 (1.55–3.16)

Accumulated fluid around 
the appendix, N (%)

0 218/1531 (14.2%) 133/1554 (8.6%) < 0.001b 1.774 (1.412–2.229) 0.129 1.25 (0.94–1.67)

Edema around the appendix, 
N (%)

0 923/1531 (60.3%) 984/1554 (63.3%) 0.083b 0.879 (0.760–1.017) 0.003 0.76 (0.63–0.91)

aUnivariate logistic regression analysis.
bChi-Squared Test.
cOdds ratio for 1 mm increase in appendiceal diameter.
dMultivariable binomial logistic regression analysis: results were adjusted with baseline characteristics (sex, age, body mass index, temperature, white blood cell count, and 
C-reactive protein).
e95% confidence Interval.
*The surgical finding of perforation, appendiceal neoplasm, and/or periappendicular abscess was evaluated as complicated acute appendicitis as well as gangrene of the appendix, 
if supported by both surgery and histopathology. Appendicolith either found on CT or at surgery was classified as complicated acute appendicitis.
#Patients were categorized into two groups either having complicated appendicitis or uncomplicated appendicitis/normal appendix.

Table 3.  The association of appendiceal CT characteristics with complicated appendicitis among patients without appendicolith.

Missing 
information 
(N)

Complicated acute 
appendicitis

Uncomplicated 
acute appendicitis

p-value Odds ratio (95% 
CI)e

p-valued Odds ratiod

(95% CI)e

N (%) 411/1965 (20.9%) 1554/1965 (79.1%)  

Median appendix diameter, 
mm (Q1, Q3)

47 12.0 (11.0–14.0) 11.0 (9.0–12.0) < 0.001a 1.265 (1.214–1318)c < 0.001 1.21 (1.15–1.28)

Appendiceal wall 
enhancement defect, N (%)

48 75/408 (18.4%) 59/1509 (3.9%) < 0.001b 5.651 (3.656–8.734) < 0.001 3.39 (2.10–5.49)

Accumulated fluid around 
the appendix, N (%)

0 66/411 (16.1%) 133/1554 (8.6%) < 0.001b 2.044 (1.488–2.808) 0.176 1.36 (0.87–2.10)

Edema around the appendix, 
N (%)

0 238/411 (57.9%) 984/1554 (63.3%) 0.044b 0.797 (0.639–0.994) 0.003 0.64 (0.47–0.86)

aUnivariate logistic regression analysis.
bChi-Squared Test.
cOdds ratio for 1 mm increase in appendiceal diameter.
dMultivariable binomial logistic regression analysis: results were adjusted with baseline characteristics (sex, age, body mass index, temperature, white blood cell count, and 
C-reactive protein).
e95% confidence Interval.
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wall enhancement defect and edema around appendix, are 
naturally subjective and potentially radiologist dependent. 
However, with the current gold standard diagnosis of acute 
appendicitis with CT, we need to assess all identifiable CT 
markers. The second limitation is that even though CT charac-
teristics were associated with complicated acute appendicitis, 
the influence of patient-related factors, such as fever and 
inflammatory markers, cannot be eliminated. Third limitation 
is that this study did not evaluate non-operatively treated 
patients. However, in order to have the most reliable reference 
standard, that is, histopathology and surgical finding of the 
appendix, only patients undergoing appendectomy could be 
included. In addition to the large prospective cohort, this ref-
erence standard of as accurate as possible clinical diagnosis of 
acute appendicitis severity is the main strengths of this study.

In conclusion, appendiceal diameter seems to be an inde-
pendent risk factor of complicated acute appendicitis. The 
risk of complicated acute appendicitis was also increased 
with appendiceal wall enhancement defect on CT. In patients 
with no appendicolith, an appendiceal wall enhancement 
defect increases the probability of complicated appendicitis 
to 3.4-fold compared with even appendiceal wall enhance-
ment. These findings and risks should be acknowledged by 
clinicians when selecting the optimal treatment alternative 
for each patient and assessing whether a patient is suitable for 
non-operative treatment.
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