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ABSTRACT

Background

Non-operative management may be an alternative for uncomplicated appendicitis, but 
preoperative distinction between uncomplicated and complicated disease is challenging. This 
study aimed to develop a scoring system based on clinical and imaging features to distinguish 
uncomplicated from complicated appendicitis .

Methods

Patients with suspected acute appendicitis based on clinical evaluation and imaging were 
selected from two prospective multicentre diagnostic accuracy studies (OPTIMA and 
OPTIMAP). Features associated with complicated appendicitis were included in multivariable 
logistic regression analyses. Separate models were developed for CT and ultrasound imaging, 
internally validated and transformed into scoring systems. 

Results

A total of  395 patients with suspected acute appendicitis based on clinical evaluation and 
imaging were identified, of  whom 110 (27.8 per cent) had complicated appendicitis, 239 (60.5 
per cent) had uncomplicated appendicitis and 46 (11.6 per cent) had an alternative disease. 
CT was positive for appendicitis in 284 patients, and ultrasound imaging in 312. Based on 
clinical and CT features, a model was created including age, body temperature, duration 
of  symptoms, white blood cell count, C-reactive protein level, and presence of  extraluminal 
free air, periappendiceal fluid and appendicolith. A scoring system was constructed, with a 
maximum possible score of  22 points. Of  the 284 patients, 150 had a score of  6 points or less, 
of  whom eight (5.3 per cent) had complicated appendicitis, giving a negative predictive value 
(NPV) of  94.7 per cent. The model based on ultrasound imaging included the same predictors 
except for extraluminal free air. The ultrasound score (maximum 19 points) was calculated 
for 312 patients; 105 had a score of  5 or less, of  whom three (2.9 per cent) had complicated 
appendicitis, giving a NPV of  97.1 per cent. 

Conclusion

With use of  novel scoring systems combining clinical and imaging features, 95 per cent of  the 
patients deemed to have uncomplicated appendicitis were correctly identified as such. The 
score can aid in selection for non-operative management in clinical trials.
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INTRODUCTION

Appendiceal perforation has long been considered an advanced state of  acute appendicitis. 
However, the relation between time and progression of  disease (from simple uncomplicated 
to gangrenous or perforated appendicitis) is being questioned.1 Perforated and non-perforated 
appendicitis are suggested to have different pathophysiologies.2;3 Furthermore, circumstantial 
evidence suggests the possibility of  spontaneous resolution of  uncomplicated cases of  
appendicitis.3 In line with these insights, appendectomy as standard treatment for all cases of  
acute appendicitis is now under debate. Conservative management has been proposed as an 
alternative for selected patients with uncomplicated or simple appendicitis. Several randomized 
trials have indicated that treatment with antibiotics is as safe and effective as appendectomy 
for patients with uncomplicated appendicitis.4 However, preoperative identification of  patients 
with uncomplicated appendicitis has proven to be a challenge. 

Imaging has become standard in the work-up of  suspected appendicitis and has shown 
to improve diagnostic performance.5 Computed tomography (CT) is generally accepted 
as the most accurate test for diagnosing acute appendicitis, but its ability to differentiate 
uncomplicated from complicated appendicitis is less satisfactory.6-10 This shortcoming was 
illustrated by a recent trial that used CT to select patients with uncomplicated appendicitis 
before randomization to either antibiotics or surgery.11 Of  the 119 patients randomized to 
undergo appendectomy for presumed simple appendicitis, 21 (17.6 per cent) had complicated 
appendicitis identified during surgery. Comparable disappointing results have been reported 
for ultrasonography, ultrasound imaging with conditional CT, and magnetic resonance 
imaging (MRI).12;13 

To improve the differentiation between uncomplicated and complicated appendicitis, 
clinical findings and laboratory test results can be combined with imaging features. Frequently 
described predictors of  appendiceal perforation include higher age14;15, longer duration of  
symptoms14;16;17, and clearly increased levels of  inflammatory markers3;16-18. Although these 
elements of  routine diagnostic assessment are weak discriminators individually, when combined 
they can achieve high discriminatory power for the diagnosis of  appendicitis.18 

The aim of  this study was to develop a scoring system based on clinical and imaging 
features to distinguish uncomplicated from complicated (gangrenous or perforated) appendicitis 
in adult patients. As CT as well as ultrasonography is used in the diagnostic workup of  patients 
with suspected acute appendicitis in current practice, a separate scoring system was developed 
for clinical features plus each of  the imaging modalities. 
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METHODS

The Transparent Reporting of  a multivariable prediction model for Individual Prognosis Or 
Diagnosis (TRIPOD) statement checklist was used in this study and for the preparation of  the 
manuscript.19 

Study setting and study population

To resemble the clinical setting of  target patients for whom the scoring system was designed, 
only patients with a clinical suspicion of  acute appendicitis (based on medical history, physical 
examination and laboratory tests) and imaging findings (ultrasonography or CT) positive for 
acute appendicitis were included in the analysis. The differentiation between non-appendicitis 
and appendicitis (either complicated or uncomplicated) in patients suspect of  having 
appendicitis was not the goal of  this study. The aim was to develop a scoring system that 
would aid decision-making after clinical evaluation and imaging had ‘confirmed’ the presence 
acute appendicitis, but where the challenge remained to differentiate between complicated and 
uncomplicated appendicitis. 

Given the different management of  patients with an appendiceal abscess or mass, these 
patients were excluded from the present analysis.  Eligible patients were selected from two 
prospective, multicentre diagnostic accuracy studies. The first (OPTIMA trial) included 1021 
adult patients presenting at the Emergency Department (ED) with acute abdominal pain for 
more than 2 hours and less than 5 days.20;21 All patients underwent both ultrasonography and 
CT. The results of  ultrasound imaging and CT were independently evaluated by different 
observers who were blinded to the other imaging findings. Of  the included patients, 422 
were clinically suspected of  having acute appendicitis, and ultrasound imaging and/or CT 
was positive for appendicitis in 280. The second study (OPTIMAP trial) compared imaging 
strategies with conditional contrast-enhanced CT or unenhanced MRI in 230 consecutive 
adult patients with suspected appendicitis.22;23 All except one patient underwent ultrasound 
examination. After negative or inconclusive findings for appendicitis at ultrasound, CT was 
performed. Of  the 229 patients who underwent ultrasonography, 97 had positive findings 
for appendicitis. Another 115 patients underwent CT (1 patient without previous ultrasound 
imaging), which was positive for appendicitis in 28. Both studies were approved by the medical 
ethics committee of  the initiating centre and all included patients gave written informed 
consent. 

Data collection

Data regarding medical history, physical examination and laboratory findings were pros-
pectively collected in a structured online case record form. 
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Imaging studies

All patients underwent graded compression ultrasonography by staff radiologists or radiological 
residents. CT was performed with intravenous contrast medium only, and was interpreted by 
a staff radiologist or supervised radiological resident. No oral or rectal contrast agents were 
used in this emergency room setting. The absence or presence of  the following features on 
ultrasonography and CT were evaluated: complete visualization of  the appendix (from base to 
tip), thickened appendix (diameter larger than 6 mm), destruction of  the layered wall structure, 
periappendiceal fat  infiltration, presence of  an appendicolith, free fluid adjacent to the 
appendix, presence of  extraluminal free air and presence of  fluid collections. For ultrasound 
imaging, localized tenderness on application of  the transducer and compressibility of  the 
appendix were also recorded. The protocol did not dictate a diagnosis of  appendicitis when 
certain features were present, nor did it state mandatory features required for the diagnosis of  
appendicitis to be made. This was left to the discretion of  the reader who evaluated the images.

Definitions

Final diagnoses were assigned to all included patients by an expert panel based on all available 
data, including clinical information, imaging findings, histopathology reports, operative notes, 
and at least 3 months of  follow-up. All patients had undergone ultrasound imaging as well as 
CT as part of  the study protocol (CT was performed only after negative/inconclusive ultra-
sound examination for appendicitis in the OPTIMAP study). The final diagnosis of  acute 
appendicitis was left to the discretion of  the expert panel, but was mostly based on surgery and 
histopathology reports.

For the categorization of  acute appendicitis into complicated or uncomplicated types, 
operative reports and results from histopathological examination of  the appendix were used 
as reference standard. Complicated appendicitis was defined as gangrenous or perforated 
appendicitis, and/or the presence of  diffuse peritonitis. In the event of  discrepancy between 
the operative findings and the pathology report, surgical findings were decisive. For patients 
without acute appendicitis, the alternative final diagnoses as assigned by the expert panel 
were categorized into complicated alternative diseases (deemed unsuitable for conservative 
management) and uncomplicated alternative diseases (suitable for conservative management).

Variables associated with complicated appendicitis

The medical literature was searched to identify clinical and imaging predictors of  complicated 
appendicitis in patients with suspected acute appendicitis. The following clinical features 
were identified and selected for used in the present analysis: age, duration of  symptoms, body 
temperature, white blood cell (WBC) count and C-reactive protein (CRP) level. CT features 
associated with complicated appendicitis included in the analysis were: destruction of  the 
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appendiceal wall, extraluminal free air, periappendiceal fluid and presence of  an appendicolith. 
Ultrasound features included were: destruction of  the appendiceal wall, periappendiceal fluid, 
presence of  an appendicolith and periappendiceal fat infiltration.

Statistical analysis

Imputation techniques were used to impute missing values for body temperature (6.8 per cent 
missing) (aregImpute function in R, version 3.0.1; R Foundation for Statistical Computing, 
Boston, Massachusetts, USA).With this technique, a random sample is drawn from the 
non-missing values, with replacement, and a flexible model fitted that predicts the missing 
target variable. Each missing value is then imputed with the observed value whose predicted 
transformed value is closest to the predicted transformed value of  the missing value. An 
imputation model was used that included sex, duration of  symptoms, age, WBC count, CRP 
level and the outcome variable complicated disease. The set of  first imputations was used for 
the analysis, after sensitivity analysis showed no differences between models fitted using ten 
different imputed data sets. 

To enhance clinical applicability, continuous variables were categorized. Optimal cut-off 
values were chosen after visual exploration of  the association between these variables and the 
outcome (complicated appendicitis) with use of  restricted cubic spline functions with four knots

(rcspline.plot function in R).With this technique, a smooth curve was fitted and any 
inflection point was identified that could be used to categorize the variable. Age and WBC 
count were dichotomized, whereas body temperature and CRP level were each converted into 
three categories.

Two separate models were created in a similar way: one based on clinical and CT 
features, and the other based on clinical and ultrasound features. A multivariable logistic 
regression model with the selected predictors was fit and reduced using stepwise backward 
selection, based on a P value of  0.15, to arrive at a parsimonious model. Interaction terms for 
age and WBC count, and age and CRP level were removed when no significant interaction 
was encountered. The discriminative capacity of  the reduced model was expressed as the area 
under the receiver operating characteristic (ROC) curve (AUC) with corresponding 95 per 
cent confidence interval (CI). In a ROC curve the diagnostic accuracy of  a test is  depicted 
by plotting the sensitivity against 100 – specificity. A perfect diagnostic test with 100 per cent 
sensitivity and 100 per cent specificity will have its coordinates in the upper left corner resulting 
in an AUC of  1.0.

Internal validation was done to adjust for overfitting by means of  bootstrapping with 
500 replications. With this technique, random samples of  the same size as the original sample 
are drawn, with replacement, from the original sample. This process mimics sampling from 
the patient population underlying the study population. Subsequently, a model is fit in each 
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bootstrap sample, and the difference between performance in the bootstrap samples and 
performance in the original sample is used to estimate the optimism, and an estimate of  a 
shrinkage factor – to correct for optimism – is provided. The regression coefficients of  the final 
model were multiplied by the shrinkage factor and a new AUC was calculated. A corrected 
Nagelkerke R2 value was also reported.

Both models were transformed into clinically applicable scoring systems. For each 
predictor in the final model a weighted point total was calculated by multiplying its adjusted 
coefficient, and rounding it to the nearest integer. With use of  these scoring systems, a 
total score was calculated for each patient. Subsequently, a cut-off analysis was performed 
in the study population to demonstrate the potential of  both models to select patients with 
predicted uncomplicated appendicitis. The aim was to correctly identify as many patients with 
uncomplicated appendicitis as possible, while limiting the number of  false-negatives (patients 

Excluded: imaging inconclusive / 
negative for acute appendicitis 

n = 247

Clinically suspected of acute appendicitis
n = 652

Imaging positive for acute appendicitis
n = 405

Excluded: appendiceal abcess or mass
n = 10

Suspected of acute appendicitis based on 
clinical evaluation and imaging

n = 395

Final diagnoses
 Complicated appendicitis    n = 110
 Uncomplicated appendicitis    n = 239
 Complicated alternate disease    n = 4
 Uncomplicated alternate disease  n = 42

CT positive for acute appendicitis
n = 284

Final diagnoses
 Complicated appendicitis    n = 81
 Uncomplicated appendicitis    n = 179
 Complicated alternate disease    n = 1
 Uncomplicated alternate disease  n = 23

Ultrasound positive for acute appendicitis
n = 312

Final diagnoses
 Complicated appendicitis    n = 886
 Uncomplicated appendicitis    n = 199
 Complicated alternate disease    n = 3
 Uncomplicated alternate disease  n = 24

Figure 1 Flowchart depicting patient selection
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with complicated appendicitis or complicated alternative diseases wrongly considered to have 
uncomplicated disease targeted at maximum of  5 per cent). Estimates of  the sensitivity and 
specificity were calculated for both models and their cut-off values by comparing the prediction 
of  the scoring systems with the final diagnoses. Estimates of  the positive predictive value (PPV) 
and negative predictive value (NPV) were also calculated.

Normally distributed data are expressed as mean (standard deviation or SD) and non-
normally distributed data as median (interquartile range or IQR). P <0.05 was considered to 
indicate statistical significance. All statistical analyses were performed using SPSS® version 20.0 
(IBM, Armonk, New York, USA) and R version 3.0.1 (R Foundation for Statistical Computing).

RESULTS

A total of  652 patients had clinical suspicion of  acute appendicitis from the two prospective 
studies combined (Fig. 1). After imaging, the diagnosis of  acute appendicitis was discarded in 
247 patients, whereas imaging (ultrasonography and/or CT) was positive for acute appendicitis 
in 405 patients. Ten patients had an appendiceal abscess or mass and were excluded from the 
analysis. The remaining 395 patients were included in the present study. Median age of  the 
included patients was 37 (27-50) years and 215 (54.4 per cent) were men. Characteristics of  the 
included patients are shown in Table 1. 

Ultrasound examination was carried out in all except one of  the 395 patients, and CT 
was performed in 303. Both CT and ultrasonography were positive for appendicitis in 201 
patients, whereas CT alone was positive in 83 and ultrasound imaging alone in 111. Therefore, 
acute appendicitis was suspected in 284 patients based on clinical evaluation and CT, and in 
312 patients based on clinical evaluation and ultrasound imaging.

Operative and histopathology reports were available for all except four of  the included 
patients. Of  the 395 patients, 110 (27.8 per cent) had complicated appendicitis and 239 (60.5 
per cent) had uncomplicated appendicitis. The rate of  complicated appendicitis among all cases 
of  appendicitis was 31.5 per cent (110 of  349) and did not differ between the two prospective 
study cohorts (35.1 versus 29.8 per cent; P=0.321). The remaining 46 patients (11.6 per cent) 
did not have acute appendicitis. Four patients had an alternative final diagnosis categorized as 
complicated disease: complicated/perforated diverticulitis (3) and perforated Crohn’s disease 
(1). The alternative final diagnoses in the other 42 patients were categorized as uncomplicated: 
non-specific abdominal pain (19), inflammatory bowel disease (8), uncomplicated diverticulitis 
(5), gastroenteritis (4), acute epiploic appendagitis (3), ruptured ovarian cyst (2) and small bowel 
obstruction (1).
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Table 1 Baseline characteristics of the included patients

Age, median (IQR) in years 37 (27-50)

Male sex, % 215 (54)

Body temperature†, mean (SD) in °C 37.4 (±0.77)

Duration of symptoms ≥ 48 hours, % 174 (44)

WBC count, median (IQR) in 109/L 13.3 (10.5-16.4)

CRP level, median (IQR) in mg/L 41.0 (16.0-95.0)

Suspected of appendicitis based on clinical evaluation and CT, % 284 (72)

Suspected of appendicitis based on clinical evaluation and ultrasound, % 312 (79)

Final diagnosis 

Complicated appendicitis, %

Uncomplicated appendicitis, %

Alternate complicated disease, %

Alternate uncomplicated disease, %

110 (28)

239 (61)

4 (1)

42 (11) 

IQR = inter quartile range, PE = physical examination, SD = standard deviation, WBC = white blood cell, CRP = 

c-reactive protein, CT = computed tomography

† Data was available for 368 (93 per cent) patients

Table 2 Variables in the final model based on clinical and CT features

Variable OR 95% c.i. 

Age ≥ 45 years 2.24 1.08-4.63

Body temperature        ≤ 37°C

                                         37 – 38°C

                                         ≥ 38°C

-

3.82

9.34

-

1.47-9.93

3.28-26.61

Duration of symptoms ≥ 48 hours 3.45 1.54-7.70

WBC count > 13 x 109/L 2.62 1.23-5.62

CRP level                         ≤ 50 mg/L

                                         > 50 mg/L

                                         > 100 mg/L

-

3.25

6.12

-

1.32-8.00

2.39-15.71

Extraluminal free air on CT 15.29 2.53-92.19

Peri-appendiceal fluid on CT 3.09 1.38-6.88

Appendicolith on CT 3.03 1.38-6.62

OR = odds ratio, c.i = confidence interval, WBC = white blood cell, CRP = C-reactive protein, CT= computed 

tomography 
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Scoring system based on clinical and CT features

Of  the 284 patients with suspected acute appendicitis based on clinical evaluation and 
CT imaging, 81 (28.5 per cent) had complicated appendicitis and 179 had uncomplicated 
appendicitis. The remaining 24 patients did not have appendicitis (false-positives): one patient 
had a complicated and 23 an uncomplicated alternative disease. Details of  the univariable 
analysis are given in Appendix 1. In multivariable analysis, after backward elimination, eight 
predictors were included in the final model: age, body temperature, duration of  symptoms, 
WBC count, CRP level, extraluminal free air on CT, periappendiceal fluid on CT and presence 
of  an appendicolith on CT (Table 2). The discriminatory capacity of  this model expressed as 
the AUC was 0.90 (95 per cent CI 0.87 to 0.94). After adjustment for overfitting, the AUC was 
0.88 (95 per cent CI 0.85 to 0.92) (Fig. 2). The corrected Nagelkerke R2 value was 0.57. Details 
of  the full adjusted model are presented in Appendix 2..

A scoring system was derived based on the adjusted coefficients of  the predictors in 
the final model, resulting in a maximum possible score of  22 points, a higher score being 
associated with a greater probability of  complicated appendicitis or an alternative complicated 
disease (Table 3).

The total score was calculated for all 284 patients with suspected appendicitis based on 
clinical evaluation and CT (Fig. 3). When the predefined maximum false-negative rate of  5 
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Figure 2 Receiver operating characteristic (ROC) curve with 95 per cent c.i. for the final adjusted 
regression model based on clinical and CT features. Area under the curve 0⋅88 (95 per cent c.i. 0⋅85 
to 0⋅92)
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per cent was applied, the optimal cut-off value was 7 points. Of  the 284 patients, 150 had 6 
points or less; eight of  these patients (5.3 per cent) had a false-negative result and did have 
complicated appendicitis or an alternative complicated disease. The remaining 142 patients 
(94.7 per cent) were correctly identified and indeed had uncomplicated appendicitis or an 
alternative uncomplicated disease. This sample of  142 patients represented 70.3 per cent of  
all 202 patients with uncomplicated appendicitis or alternative uncomplicated diseases. The 
corresponding sensitivity and specificity for this cut-off value were 90.2 (95 per cent CI 81.7 to 
95.7) and 70.3 (95 per cent CI 63.5 to 76.5) per cent respectively. The PPV was 55.2 (95 per 
cent CI 46.4 to 63.8) per cent and the NPV 94.7 (95 per cent CI 89.8 to 97.7) per cent.

Scoring system based on clinical and ultrasound features

Of  the 312 patients who were suspected of  acute appendicitis based on clinical evaluation 
and  ultrasound, 86 (28 per cent) had complicated appendicitis and 199 had uncomplicated 
appendicitis. Of  the 27 patients who did not have appendicitis, three had a complicated 
alternative disease and 24 had an uncomplicated alternative disease. Seven predictors were 
included in the final model after multivariable analysis with backward elimination; age, body 
temperature, duration of  symptoms, WBC count, CRP level and periappendiceal fluid and 
presence of  an appendicolith on ultrasound examination (Table 4). The AUC of  this model 
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Figure 3 Calculated scores based on clinical and CT features for 284 patients with uncomplicated 
and complicated appendicitis. The dotted line indicates the optimal cut-off value with a maximum 
false-negative rate of 5 per cent
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Table 3 Variables in the final model based on clinical and ultrasound features

Variable OR 95% c.i. 

Age ≥ 45 years 2.45 1.33-4.51

Body temperature 

                               

≤ 37°C

37 – 38°C

≥ 38°C

-

1.77

4.53

-

0.87-3.62

1.97-10.43

Duration of symptoms ≥ 48 hours 1.83 0.95-3.50

WBC count > 13 x 109/L 2.39 1.28-4.45

CRP level                         ≤ 50 mg/L

                                         > 50 mg/L

                                         > 100 mg/L

-

5.22

7.08

-

2.36-11.53

3.29-15.22

Peri-appendiceal fluid on US 2.41 1.24-4.71

Appendicolith on US 1.99 0.89-4.44

OR = odds ratio, c.i = confidence interval, WBC = white blood cell, CRP = C-reactive protein, US = ultrasound

Table 4 Scoring system based on clinical and imaging features for both CT and ultrasound 

Variable Clinical and CT features Clinical and US features

Points Points

Age ≥ 45 years 2 2

Body temperature 

                               

≤ 37°C

37 – 38°C

≥ 38°C

0

2

4

0

2

4

Duration of symptoms ≥ 48 hours 2 2

WBC count > 13 x 109/L 2 2

CRP level                         ≤ 50 mg/L

                                         > 50 mg/L

                                         > 100 mg/L

0

2

3

0

4

5

Extraluminal free air on imaging 5 -

Peri-appendiceal fluid on imaging 2 2

Appendicolith on imaging 2 2

Maximum score 22 19

WBC = white blood cell, CRP = c-reactive protein, US = ultrasound, CT = computed tomography
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Figure 4 Receiver operating characteristic (ROC) curve with 95 per cent confidence interval for the 
final adjusted regression model based on clinical and ultrasound features. Area under the curve 
0⋅82 (95 per cent confidence interval. 0.77 to 0.86)

Figure 5 Calculated scores based on clinical and ultrasound features for 312 patients with uncom-
plicated and complicated appendicitis. The vertical line indicates the optimal cut-off value with a 
maximum false-negative rate of 5 per cent

100

80

60

40

20

0 20 40

100–specificity (%)

Se
ns

it
iv

it
y 

(%
)

60 80 100

0

10

20

30

40

50

60

70

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

N
um

be
r o

f p
ati

en
ts

Score based on clinical and ultrasound features

Uncomplicated

Complicated



102

Chapter 4

was 0.85 (95 per cent CI 0.80 to 0.89) and 0.82 (95 per cent CI 0.77 to 0.86) after correction 
for overfitting. Nagelkerke R2 was 0.42. Details of  the full adjusted model based on clinical and 
ultrasound features are presented in Appendix 3.

Weighted points were calculated for the final predictors in the multivariable model, 
resulting in a maximum total score of  19 points (Table 3). In comparison to the scoring system 
based on CT features, extraluminal free air on CT was omitted as predictor whereas two of  the 
CRP categories (>50 mg/L and >100 mg/L) were each ascribed 2 point extra. 

Based on this scoring system, a total score was calculated for all 312 patients with 
suspected appendicitis based on clinical evaluation and ultrasound imaging (Fig. 5). Cut-off 
analysis revealed an optimal cut-off value of  6 points. A total of  105 patients had a score of  
5 points or less. Of  these, 102 were identified correctly and indeed had a disease categorized 
as uncomplicated (including uncomplicated appendicitis), whereas only three patients (2.9 per 
cent) had a false-negative result and did in fact have complicated appendicitis or an alternative 
complicated disease. The sample of  102 patients represented 45.7 per cent of  all 223 patients 
with uncomplicated appendicitis or an alternative uncomplicated disease. The sensitivity was 
96.6 (95 per cent CI 90.5 to 99.3) per cent, specificity 45.7 (95 per cent CI 39.1 to 52.5) per 
cent, PPV 41.6 (95 per cent CI 34.8 to 48.6) per cent and NPV 97.1 (95 per cent CI 91.9 
to 99.4) per cent. If  the cut-off value was set to 7 points, 66.4 per cent of  all patients with 
an uncomplicated disease (148 of  223) were identified at the expense of  8.6 per cent false-
negatives (14 patients).

DISCUSSION

In the present study, a scoring system was developed to distinguish uncomplicated from 
complicated appendicitis. The score was based on patient characteristics and diagnostic 
markers that are collected routinely in clinical practice, combined with features from imaging. 
As CT and ultrasonography are both currently used to diagnose acute appendicitis, two 
separate scoring systems were developed, one incorporating CT features and one based on 
ultrasound features. The score was developed with data from patients in whom the score is 
intended to be used, that is individuals suspected of  having acute appendicitis based on clinical 
evaluation and imaging. With use of  the scoring systems, a substantial group of  patients with 
a low probability of  complicated  appendicitis or alternative complicated diseases (5 per cent) 
can be identified, in whom treatment options other than appendicectomy can be considered.

Several limitations of  this study need to be addressed. First and foremost, the model lacks 
proper external validation. Although the model was validated internally and corrected for 
optimism, the results cannot yet support general application. Proper external validation studies 
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are needed to clarify the generalizability of  the proposed scoring systems. Second, a larger 
study population  including more patients with complicated appendicitis would have allowed 
the inclusion of  further variables in the analysis, although it is known that more variables can 
hamper the usability of  a scoring system. Third, the CT findings in the included patients 
from the OPTIMAP study (28 patients) were not interpreted independently of  the ultrasound 
findings, so the evaluation of  CT features in these patients might have been influenced by the 
results of  ultrasonography. However, in the OPTIMA study CT observers (256 patients) were 
blinded to the findings of  the ultrasound examination that preceded CT. The incorporation of  
imaging features into the present scoring systems also entails potential interobserver variability, 
especially for ultrasound examination, whereas excellent interobserver agreement has been 
described for CT24. Another potential limitation is the definition of  complicated appendicitis 
used in the present study. The definition of  complicated appendicitis remains subject to 
discussion. Here the definition of  complicated appendicitis included both gangrenous and 
perforated appendicitis. Gangrenous appendicitis is believed to be a different entity to simple 
or phlegmonous appendicitis, with the potential to perforate25,26. Patients with an appendiceal 
abscess or inflammatory mass were excluded because this subgroup of  appendicitis warrants a 
separate approach27. In most studies, either intraoperative findings, as reported by the surgeon, 
or results from histopathology reports are used. It has been suggested that there is considerably 
discrepancy when the two are compared16. A combination of  clinical and histopathological 
findings was used in the present analysis, as often done previously28.

The present study is strengthened by the prospective data collection, including features 
from imaging studies that were scored in a standard manner, and its multi-institutional design. 
It included only patients suspected of  having acute appendicitis based on clinical evaluation 
and imaging positive for appendicitis. These patients represent the population in which the 
scoring systems are intended to be used. Furthermore, both proposed scoring systems were 
based on models with good discriminative capacity (AUC over 0.80). The rate of  complicated 
appendicitis in this study was 31.5 per cent, which falls within the range of  reported rates 
(16–32 per cent)28,29.

The importance of  improved selection of  patients with uncomplicated appendicitis has 
been stressed previously11. CT and ultrasound imaging have become standard in the diagnostic 
evaluation of  acute appendicitis, with CT being the most accurate test6,7. Both imaging 
modalities have been reported to be able to discriminate uncomplicated from complicated 
appendicitis12,30–32. Frequently described imaging features associated with perforated appen-
dicitis include a defect of  the appendiceal wall, extraluminal air, periappendiceal fluid and 
the presence of  an appendicolith8,17,30,32–34. Although the specificity of  these imaging findings 
is usually high, reported sensitivity is low9,10,35. However, for the purpose of  selecting patients 
for treatments other than appendicectomy, a high sensitivity is required to adequately rule out 
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gangrenous or perforated appendicitis. Therefore, patient selection solely based on imaging 
might not be accurate enough9,10,13. This was recently illustrated by Vons and colleagues11 in 
a study comparing antibiotic treatment with appendicectomy, in which CT was used to select 
patients with uncomplicated appendicitis. No less than 18 per cent of  the patients randomized 
to undergo appendicectomy were found to have complicated appendicitis. Several concerns 
regarding their method for selection of  patients with uncomplicated appendicitis have been 
expressed36. Eligibility for inclusion was primarily determined based on CT diagnoses without 
taking clinical findings into account, thereby potentially including patients without true 
appendicitis. Furthermore, all patients with periappendiceal fluid were excluded, although 
this can be a finding in patients with uncomplicated appendicitis as well. However, these 
aspects are more likely to have underestimated the inability of  CT to select uncomplicated 
cases than overestimate this shortcoming. To improve selection in the present study, clinical 
features were included in the scoring systems as well as imaging features. Clinical features, 
especially when two or more are combined, have been suggested to be of  diagnostic value for 
acute appendicitis18. The clinical features included in the present scoring systems have all been 
frequently reported to be predictors of  appendiceal perforation14–16,33,37–41.

Evaluation of  the scoring systems showed that under 5 per cent of  patients with 6 
points or less on the CT-based score, or 5 points or less on the ultrasound-based score, had 
complicated appendicitis. With application of  this cut-off value to the scoring system based on 
clinical and CT features, 70.3 per cent of  all patients with uncomplicated appendicitis could 
be correctly identified before surgery with a NPV of  94.7 per cent. Ideally, all patients with 
uncomplicated appendicitis would have been identified as such. However, in practice there is a 
trade-off between the number of  true-positives and false-positives, and true-negatives and false-
negatives. It is arguable whether or not the correct identification of  70 per cent of  the patients 
with uncomplicated appendicitis and a 30 per cent overshoot in classification as complicated 
appendicitis is satisfactory. However, false-negative classification of  complicated appendicitis, 
with subsequent conservative treatment instead of  appendicectomy, is viewed as less desirable 
than false-positive classification of  uncomplicated appendicitis with appendicectomy (presently 
still standard treatment) instead of  conservative management. In several previous reports11,36,42 

on the conservative management of  acute appendicitis, it is unclear how many patients were 
assessed for eligibility and how many were subsequently excluded, or what the final diagnoses 
in these excluded patients were. When applying the threshold of  5 per cent false-negatives to 
the ultrasound score in the present analysis, less than half  of  all patients with uncomplicated 
appendicitis were identified correctly. This increased to 66.4 per cent when the cut-off value 
was increased by 1 point, at the expense of  a false-negative rate of  8.6 per cent. The difference 
in performance between the CT and ultrasound scores underlines the superiority of  CT 
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in diagnosing acute appendicitis, overall and for the differentiation of  uncomplicated from 
complicated appendicitis.

Several scoring systems for acute appendicitis have been evaluated previously; the 
Alvarado score43 and the more recent Appendicitis Inflammatory Response (AIR) score44 are 
the best known. Both scores were developed originally to identify patients with appendicitis 
among all patients with clinically suspected appendicitis. In the present study, a score was 
developed for a different clinical concept. The differentiation between non-appendicitis and 
appendicitis (either complicated or uncomplicated) in patients with suspected appendicitis was 
not the goal. Instead, the aim was to develop a scoring system to aid decision-making once 
clinical evaluation and imaging has ‘confirmed’ appendicitis, but the challenge remains to 
differentiate between complicated and uncomplicated appendicitis. The AIR score has also 
been evaluated in terms of  identifying complicated appendicitis and excellent discriminative 
performance has been described44–46. However, this was based on the ability of  the score 
to discriminate advanced appendicitis from non-appendicitis, making direct comparisons 
with the present results difficult. Unfortunately these existing scoring systems could not be 
evaluated in the patient population studied here because required data, such as percentage of  
polymorphonuclear leucocytes, were not available.

The proposed scoring systems based on clinical and imaging features enable more 
accurate preoperative identification of  patients with simple or uncomplicated appendicitis. 
They now need external validation The proposed scoring systems based on clinical and 
imaging features enable more accurate preoperative identification of  patients with simple or 
uncomplicated appendicitis. They now need external validation.
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Appendix 1 Univariable analysis of clinical, CT and ultrasound features of complicated appendicitis 
or alternative complicated diseases

No. of 

patients 

(n = 395)

Patient category*

Odds ratio

Sensitivity

(%)

Specificity

(%) PPV (%) NPV (%) AUC Complicated Uncomplicated

Clinical features

Age ≥ 45 years 395 63 of 114 78 of 281 3.22 (2.05, 5.05) 55.3 (45.7, 64.6) 72.2 (66.6, 77.4) 44.7 (36.3, 53.3) 79.9 (74.5, 84.7) 0.64 (0.58, 0.70)

Body temperature (°C )†      

≤ 37.0

37.1–37.9

≥ 38.0

395

22 of 114

48 of 114

44 of 114

115 of 281

126 of 281

40 of 281

1.00 (reference)

2.29 (1.05, 4.99)

6.60 (2.89, 15.07)

38.6 (29.6, 48.2) 85.8 (81.1, 89.6) 52.4 (41.2, 63.4) 77.5 (72.4, 82.0) 0.62 (0.56, 0.69)

Duration of symptoms ≥ 48 h 395 72 of 114 102 of 281 3.00 (1.92, 4.73) 63.2 (53.6, 72.0) 63.7 (57.8, 69.3) 41.4 (34.0, 49.1) 81.0 (75.2, 86.0) 0.63 (0.57, 0.70)

WBC count > 13 × 109/l 395 74 of 114 132 of 281 2.09 (1.33, 3.28) 64.9 (55.4, 73.6) 53.0 (47.0, 59.0) 35.9 (29.4, 42.9) 78.8 (72.3, 84.4) 0.59 (0.53, 0.65)

C-reactive protein (mg/l)† 

≤ 50

51–100 

> 100 

395

26 of 114

30 of 114

58 of 114

189 of 281

56 of 281

36 of 281

1.00 (reference) 

3.89 (2.13, 7.12)

11.71 (6.53, 21.00)

50.9 (41.4, 60.4) 87.2 (82.7, 90.9) 61.7 (51.1, 71.5) 81.4 (76.5, 85.6) 0.69 (0.63, 0.75)

CT features

Destruction of appendiceal wall 284 21 of 82 30 of 202 1.98 (1.05, 3.70) 25.6 (16.6, 36.4) 85.2 (79.5, 89.8) 41.1 (27.6, 55.8) 73.8 (67.7, 79.4) 0.55 (0.48, 0.63)

Free extraluminal air 284 15 of 82 2 of 202 22.39 (4.99, 100.45) 18.3 (10.6, 28.4) 99.0 (96.5, 99.9) 88.2 (63.5, 98.2) 74.9 (69.3, 80.0) 0.59 (0.51, 0.66)

Periappendiceal fluid 284 35 of 82 32 of 202 3.96 (2.22, 7.05) 42.7 (31.8, 54.1) 84.2 (78.4, 88.9) 52.2 (39.7, 64.6) 78.3 (72.3, 83.6) 0.63 (0.56, 0.71)

Presence of appendicolith 284 39 of 82 39 of 202 3.79 (2.17, 6.61) 47.6 (36.4, 58.9) 80.7 (74.6, 85.9) 50.0 (38.5, 61.5) 79.1 (72.9, 84.5) 0.64 (0.57, 0.72)

Ultrasound features

Destruction of appendiceal wall 312 24 of 89 52 of 223 1.21 (0.69, 2.13) 27.0 (18.1, 37.4) 76.7 (70.6, 82.1) 31.6 (21.4, 43.3) 72.5 (66.3, 78.1) 0.52 (0.48, 0.59)

Periappendiceal fluid 312 33 of 89 41 of 223 2.616 (1.51, 4.52) 37.1 (27.1, 48.0) 81.6 (75.9, 86.5) 44.6 (33.0, 56.6) 76.5 (70.6, 81.7) 0.59 (0.52, 0.67)

Presence of appendicolith 312 20 of 89 32 of 223 1.730 (0.93, 3.23) 22.5 (14.3, 32.6) 85.7 (80.4, 90.0) 38.5 (25.3, 53.0) 73.5 (67.7, 78.3) 0.54 (0.47, 0.61)

Periappendiceal fat infiltration 312 75 of 89 151 of 223 2.55 (1.35, 4.83) 84.3 (75.0, 91.1) 32.3 (26.2, 38.9) 33.2 (27.1, 39.7) 83.7 (74.2, 90.8) 0.58 (0.52, 0.65)

Values in parentheses are 95 per cent c.i. *Complicated includes complicated appendicitis and complicated 

alternative diseases; uncomplicated includes uncomplicated appendicitis and uncomplicated alternative 

diseases. For body temperature and C-reactive protein level, sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and area under the receiver operating characteristic (ROC) curve (AUC)  

were calculated based on the highest category (at least 38°C and over 100 mg/l respectively).
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Appendix 1 Univariable analysis of clinical, CT and ultrasound features of complicated appendicitis 
or alternative complicated diseases

No. of 

patients 

(n = 395)

Patient category*

Odds ratio

Sensitivity

(%)

Specificity

(%) PPV (%) NPV (%) AUC Complicated Uncomplicated

Clinical features

Age ≥ 45 years 395 63 of 114 78 of 281 3.22 (2.05, 5.05) 55.3 (45.7, 64.6) 72.2 (66.6, 77.4) 44.7 (36.3, 53.3) 79.9 (74.5, 84.7) 0.64 (0.58, 0.70)

Body temperature (°C )†      

≤ 37.0

37.1–37.9

≥ 38.0

395

22 of 114

48 of 114

44 of 114

115 of 281

126 of 281

40 of 281

1.00 (reference)

2.29 (1.05, 4.99)

6.60 (2.89, 15.07)

38.6 (29.6, 48.2) 85.8 (81.1, 89.6) 52.4 (41.2, 63.4) 77.5 (72.4, 82.0) 0.62 (0.56, 0.69)

Duration of symptoms ≥ 48 h 395 72 of 114 102 of 281 3.00 (1.92, 4.73) 63.2 (53.6, 72.0) 63.7 (57.8, 69.3) 41.4 (34.0, 49.1) 81.0 (75.2, 86.0) 0.63 (0.57, 0.70)

WBC count > 13 × 109/l 395 74 of 114 132 of 281 2.09 (1.33, 3.28) 64.9 (55.4, 73.6) 53.0 (47.0, 59.0) 35.9 (29.4, 42.9) 78.8 (72.3, 84.4) 0.59 (0.53, 0.65)

C-reactive protein (mg/l)† 

≤ 50

51–100 

> 100 

395

26 of 114

30 of 114

58 of 114

189 of 281

56 of 281

36 of 281

1.00 (reference) 

3.89 (2.13, 7.12)

11.71 (6.53, 21.00)

50.9 (41.4, 60.4) 87.2 (82.7, 90.9) 61.7 (51.1, 71.5) 81.4 (76.5, 85.6) 0.69 (0.63, 0.75)

CT features

Destruction of appendiceal wall 284 21 of 82 30 of 202 1.98 (1.05, 3.70) 25.6 (16.6, 36.4) 85.2 (79.5, 89.8) 41.1 (27.6, 55.8) 73.8 (67.7, 79.4) 0.55 (0.48, 0.63)

Free extraluminal air 284 15 of 82 2 of 202 22.39 (4.99, 100.45) 18.3 (10.6, 28.4) 99.0 (96.5, 99.9) 88.2 (63.5, 98.2) 74.9 (69.3, 80.0) 0.59 (0.51, 0.66)

Periappendiceal fluid 284 35 of 82 32 of 202 3.96 (2.22, 7.05) 42.7 (31.8, 54.1) 84.2 (78.4, 88.9) 52.2 (39.7, 64.6) 78.3 (72.3, 83.6) 0.63 (0.56, 0.71)

Presence of appendicolith 284 39 of 82 39 of 202 3.79 (2.17, 6.61) 47.6 (36.4, 58.9) 80.7 (74.6, 85.9) 50.0 (38.5, 61.5) 79.1 (72.9, 84.5) 0.64 (0.57, 0.72)

Ultrasound features

Destruction of appendiceal wall 312 24 of 89 52 of 223 1.21 (0.69, 2.13) 27.0 (18.1, 37.4) 76.7 (70.6, 82.1) 31.6 (21.4, 43.3) 72.5 (66.3, 78.1) 0.52 (0.48, 0.59)

Periappendiceal fluid 312 33 of 89 41 of 223 2.616 (1.51, 4.52) 37.1 (27.1, 48.0) 81.6 (75.9, 86.5) 44.6 (33.0, 56.6) 76.5 (70.6, 81.7) 0.59 (0.52, 0.67)

Presence of appendicolith 312 20 of 89 32 of 223 1.730 (0.93, 3.23) 22.5 (14.3, 32.6) 85.7 (80.4, 90.0) 38.5 (25.3, 53.0) 73.5 (67.7, 78.3) 0.54 (0.47, 0.61)

Periappendiceal fat infiltration 312 75 of 89 151 of 223 2.55 (1.35, 4.83) 84.3 (75.0, 91.1) 32.3 (26.2, 38.9) 33.2 (27.1, 39.7) 83.7 (74.2, 90.8) 0.58 (0.52, 0.65)

Values in parentheses are 95 per cent c.i. *Complicated includes complicated appendicitis and complicated 

alternative diseases; uncomplicated includes uncomplicated appendicitis and uncomplicated alternative 

diseases. For body temperature and C-reactive protein level, sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and area under the receiver operating characteristic (ROC) curve (AUC)  

were calculated based on the highest category (at least 38°C and over 100 mg/l respectively).
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Chapter 4

Appendix 2 Full model based on clinical and CT features

β coefficient Odds ratio

Clinical features

Age ≥ 45 years 0.69 2.24 (1.08, 4.63)

Body temperature (°C )      

≤ 37.0

37.1–37.9

≥ 38.0

–

1.15

1.92

1.00 (reference)

3.82 (1.47, 9.93)

9.34 (3.28, 26.61)

Duration of symptoms ≥ 48 h 1.06 3.45 (1.54, 7.70)

WBC count > 13 × 109/l 0.83 2.62 (1.23, 5.62)

CRP (mg/l) 

≤ 50

51–100 

> 100

– 

1.01

1.55

1.00 (reference) 

3.25 (1.32, 8.00)

6.12 (2.39, 15.71)

CT features

Free extraluminal air 2.34 15.29 (2.53, 92.19)

Periappendiceal fluid 0.97 3.09 (1.38, 6.88)

Presence of appendicolith 0.95 3.03 (1.38, 6.62)

Intercept –4.72

Values in parentheses are 95 per cent c.i. WBC, white blood cell; CRP, C-reactive protein.The predicted probability 

of complicated appendicitis or an alternative complicated disease can be calculated using the following formula: 

P = 1/(1 + exp(– (–4.72 + 0.69 (if age ≥ 45 years) + 1.15 (if body temperature 37–38°C) + 1.92 (if body temperature 

≥ 38°C) + 1.06 (if duration of symptoms ≥ 48 h) + 0.83 (if WBC count > 13 × 109/l) + 1.01 (if CRP level > 50 mg/l) 

+ 1.55 (if CRP level > 100 mg/l) + 2.34 (if free extraluminal air on CT) + 0.97 (if periappendiceal fluid on CT) + 

0.95 (if presence of appendicolith on CT)))).
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Scoring system to distinguish uncomplicated from complicated acute appendicitis 

Appendix 3 Full model based on clinical and ultrasound features

β coefficient Odds ratio

Clinical features

Age ≥ 45 years 0.76 2.45 (1.33, 4.51)

Body temperature (°C )     

≤ 37.0

37.1–37.9

≥ 38.0

–

0.48

1.28

1.00 (reference)

1.77 (0.87, 3.62)

4.53 (1.97, 10.43)

Duration of symptoms ≥ 48 h 0.51 1.83 (0.95, 3.50)

WBC count > 13 × 109/l 0.74 2.39 (1.28, 4.45)

C-reactive protein (mg/l) 

≤ 50

51–100 

> 100

–

1.40

1.65

1.00 (reference)

5.22 (2.36, 11.53)

7.08 (3.29, 15.22)

Ultrasound features

Periappendiceal fluid 0.74 2.41 (1.24, 4.71)

Presence of appendicolith 0.58 1.99 (0.89, 4.44)

Intercept –3.69

Values in parentheses are 95 per cent c.i. WBC, white blood cell; CRP, C-reactive protein.The predicted probability 

of complicated appendicitis or an alternative complicated disease can be calculated using the following 

formula: P = 1/(1 + exp(– (– 3.69 + 0.76 (if age ≥ 45 years) + 0.48 (if body temperature 37–38°C) + 1.28 (if body 

temperature ≥ 38°C) + 0.51 (if duration of symptoms ≥ 48 h) + 0.74 (if WBC count > 13 × 109/l) + 1.40 (if CRP 

level > 50 mg/l) + 1.65 (if CRP level > 100 mg/l) + 0.74 (if periappendiceal fluid on ultrasonography) + 0.58 (if 

presence of appendicolith on ultrasonography)))).


