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ABSTRACT

Introduction: Preoperative differentiation of complicated from 

uncomplicated appendicitis has become more important, as 

randomized controlled trials showed that non-operative 

management of uncomplicated appendicitis is feasible, by using 

CT for patient triaging. We aimed to develop and validate a 

diagnostic model comprising CT and clinical predictors for 

differentiation of complicated from uncomplicated appendicitis.

Materials and Methods: This retrospective study included 1153 

adolescent and young adults (mean age ± standard deviation, 30 

± 8 years) with suspected appendicitis on CT. We used the data 

from a previous multi-center randomized controlled trial that 

compared 2-mSv and conventional-dose CT for the diagnosis 

of appendicitis in 20 teaching hospitals. We included 804 

patients from 12 sites for model development, and 349 patients 

from 8 sites for external validation. The outcome of interest 

was complicated appendicitis (perforated or gangrenous 

appendicitis). Complicated appendicitis was surgically or 

pathologically confirmed in 300 and 121 patients in the 

development and validation datasets. We derived our model 

from candidate predictors comprising 2 demographic, 13 clinical, 
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and 9 CT predictors, using the Bayesian information criteria. 

Simplified diagnostic criterion targeting 95% sensitivity was 

derived from the constructed model. For external validation, 

sensitivity and specificity were measured in the validation 

dataset, using the constructed model and its simplified 

diagnostic criterion.

Results: Five CT features (contrast-enhancement defect of the 

appendiceal wall, abscess, periappendiceal fat stranding, 

appendiceal diameter, and extraluminal air) and the percentage 

of segmented neutrophil were included in our model. In the 

validation dataset, the sensitivity and specificity were 95.9% 

(90.6%, 98.6%) and 19.3% (14.4%, 25.0%) using the model, 

and 94.2% (88.4%, 97.6%) and 18.9% (14.0%, 24.6%) using 

the simplified diagnostic criterion.

Conclusion: Our highly sensitive model for complicated 

appendicitis may contribute to reducing the number of 

unnecessary appendectomies performed for uncomplicated 

appendicitis.

Keywords: Appendicitis, Computed tomography, Diagnostic 

model, Complicated appendicitis

Student number: 2017-38076
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Introduction

There exists controversy on non-operative management of 

acute appendicitis (1). This issue is increasingly receiving clinical 

attention as several randomized controlled trials (2-5)

demonstrated resolution of symptom in approximately 70% of 

patients whose appendicitis was treated non-operatively. The major 

patient inclusion criterion of these trials was suspected appendicitis 

without preoperative evidence of complication (i.e., perforation or 

gangrene). This inclusion criterion was based on the premise that 

complication represents irreversible appendiceal inflammation 

intractable to antibiotics. Although these trials used CT for selection 

of patients with uncomplicated appendicitis, it turned out that 

preoperative CT differentiation of complicated from uncomplicated 

appendicitis is difficult. In one of those trials, 18% of patients who 

supposedly had uncomplicated appendicitis at CT turned out to have 

complicated appendicitis (4). These results raised skepticism about 

CT as the sole diagnostic test for the differentiation of complicated 

from uncomplicated appendicitis (6, 7). 

There have been recent efforts to develop an algorithm for 
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diagnosing complicated appendicitis by combining radiological and 

clinical predictors (8, 9). Specifically, there have been two scoring 

systems introduced by Atema et al. (8) and Avanesov et al. (9) that 

showed promising accuracy in internal validation. However, these 

models were drawn from limited number of patients (< 120 cases of 

complicated appendicitis) and have not been validated externally. 

Thus, we aimed to develop a diagnostic model comprising CT and 

clinical predictors from a larger number of patients and to validate 

the model internally and externally.

Materials and Methods

Design and Data Source

The institutional review board at each participating site 

approved this retrospective multi-center study and waived the 

requirement for patient informed consent. The data in our study 

were obtained from the database of a randomized controlled trial (10)

by the Low-dOse Computed Tomography for Appendicitis Trial 

(LOCAT) Group, which compared 2-mSv CT and conventional-
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dose (median, 7 mSv) CT for the diagnosis of appendicitis. The trial 

involved 22 CT machines of 20 sites in South Korea, all of which 

were teaching hospitals. As detailed elsewhere (11), the patient 

enrollment spanned from Dec 2013 to Aug 2016, and the patient 

follow-up was completed in April 2017. 3,074 patients were 

randomized to either of the 2-mSv (n=1,535) or conventional-dose 

(n=1,539) group. In this pragmatic trial, many of the trial 

components including patient recruitment, care provider assignment, 

CT imaging techniques, and co-interventions followed individual site 

practices, as detailed elsewhere (10, 11). Our report adheres to the 

guideline of Transparent Reporting of a multivariable prediction 

model for Individual Prognosis Or Diagnosis (12).

Patients

Eligible patients of the trial were those aged between 15 to 

44 years, who visited the emergency department and were referred 

for CT examination under suspicion of appendicitis (10). The 

referral for CT examination was left to the discretion of the site care 

providers. Radiologists (n=161) read CT images as daily clinical 

practice and made CT reports using a predefined structured format 
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(13). They recorded the likelihood of appendicitis on a five-point 

Likert scale. Grade 1 indicated “definitely not appendicitis”; grade 2, 

“probably not appendicitis”; grade 3, “indeterminate”; grade 4, 

“probably appendicitis”; and grade 5, “definitely appendicitis”. 

For the present study, we included only the patients with the 

assigned grade of 3 or higher for the likelihood of appendicitis. We 

chose this threshold based on the fact that some patients with 

indeterminate CT results turn out to have appendicitis (14, 15). 

Therefore, the final sample represented a population of adolescents 

and young adults who had definite or equivocal appendicitis on either 

2-mSv or conventional-dose CT. We divided the 20 sites into 12 

model-development sites and eight model-validation sites (Fig 1).

Outcomes

The outcome of interest was complicated appendicitis, which 

was defined as irreversible appendicitis that is supposedly 

intractable to non-operative management due to perforation or 

gangrene (16). For the adjudication of complicated appendicitis, an 

independent radiologist with experience in appendicitis research for 

more than five years reviewed the trial data and source documents 
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including surgical and pathologic reports made by site care providers. 

During the trial period, site care providers were regularly given 

instructions to use standardized definitions and descriptors as 

follows (10). Appendiceal gangrene indicated transmural necrosis. 

Presence of appendiceal perforation was determined by either of 

surgical or pathological documentation of perforation (17). Surgical 

documentation of perforation was based on spilled appendiceal 

contents, abscess, obvious peritonitis, or appendiceal wall defect 

(18). Pathologic diagnosis of appendiceal perforation was based on 

appendiceal wall defect associated with transmural necrosis. As 

predefined in the trial protocol (10, 11), we regarded a few patients 

who underwent interval appendectomy following percutaneous 

abscess drainage as having complicated appendicitis, even if their 

surgical or pathologic findings did not meet the criteria.

Candidate Predictors

We selected 24 candidate predictors (Table 1). We selected 

two demographic predictors, 13 clinical predictors, and eight 

features as CT predictors based on previous systematic reviews (7, 

19). Additionally, we included CT dose as a CT predictor, since 2-
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mSv vs. conventional-dose CT was the main intervention of the trial 

(10). 

As data regarding individual CT features were not acquired 

during the trial (10), we recruited 12 abdominal radiologists (with 

clinical experience of 3–8 years) from 12 hospitals, who determined 

the presence of individual CT predictor by reviewing the images 

retrospectively. Eight radiologists read the CT images of the 

development dataset, and four radiologists read the CT images of 

the validation dataset. There was no overlap of radiologists in 

between the development and validation dataset. Before the image 

review, we provided the radiologists with the definitions and 

exemplary images of the CT predictors (Figs 2 and 3). The 

radiologists were aware of the study concept but were blinded to the 

study design details, demographic and clinical predictors, and patient 

outcome.

Sample Size and Missing Data

We judged that at least 10 events of the outcome of interest 

(i.e., complicated appendicitis) were required for each candidate 
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predictor in the model (20). As there were 24 candidate predictors, 

approximately 240 cases of complicated appendicitis were required. 

According to the trial data (10), there were more than 800 

appendectomy cases in the development dataset alone, and 

appendiceal perforation rate was approximately 30% with negative 

appendectomy as low as 3%. Thus, we expected around 240 cases 

of complicated appendicitis in the development dataset, which was 

sufficient for our study. There were six instances of missing data of 

C-reactive protein, which we replaced with the median value. 

Otherwise, there was no missing data.

Statistical Analysis

Two radiologists (C.J.Y., and J.H.P.) and a statistician (J.J.J., 

with 7 years of experience) planned all analyses (21) before the 

completion of trial data collection. We assessed associations 

between the predictors and complicated appendicitis using univariate 

logistic regression analysis. We then selected the predictors to be 

included in the final model using the Bayesian information criteria 

(BIC) (22). 

We assessed the calibration of the final model by visually 
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assessing the plot showing observed proportion against predicted 

probability of complicated appendicitis. Calibration slope was 

calculated from the plot by linear regression. We assessed the 

discriminatory performance of the final model (hereafter, LOCAT 

model) by measuring the area under the receiver-operating-

characteristic curve (AUC). Internal validation was performed via 

bootstrapping; 500 replications were performed using 804 patients 

with replacement. Each replication included the whole modelling 

process initiating from the predictor selection, and optimism-

corrected performance was calculated in the development dataset. 

In determining the diagnostic threshold at the receiver-

operating-characteristic curve, we weighed sensitivity over 

specificity, since false-negative diagnosis of complicated 

appendicitis may result in failed non-operative treatment and 

serious complication such as peritonitis. On the contrary, false-

positive diagnosis would result in appendectomy for uncomplicated 

appendicitis, which is still the standard-of-care in many hospitals. 

We identified four different cut-off scores at which sensitivity 

reaches 100%, 95%, 90% and 85%, respectively. 

To enhance clinical applicability, we derived simplified 
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diagnostic criterion, so that the presence of any one of the 

predictors included in the LOCAT model would predict the presence 

of complicated appendicitis with 95% sensitivity. To provide 

threshold value for dichotomization of continuous predictors, we 

tested various different combinations of the predictors, and chose 

the combination that yielded 95% sensitivity in the development 

dataset. As we were interested in the values above the normal range 

for appendiceal diameter and percentage of segmented neutrophil, 

we tested threshold values in between 5 mm and 14 mm for 

appendiceal diameter, and those in between 50% and 90% for 

segmented neutrophil, with interval of 1 mm and 5%, respectively 

(i.e., diameter equal or greater than 5 mm, 6 mm, and so on, and 

segmented neutrophil equal or greater than 51%, 56%, 61%, and so 

on). 

We used the method provided by King et al. (23) to provide 

intercepts that can be used accordingly to varying prevalence of 

complicated appendicitis across different institutions.

For external validation of the LOCAT model, we used the 

validation dataset as follows. We assessed the calibration of the 

model by drawing the calibration plot. We assessed the 
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discriminatory performance of the model by measuring the AUC. 

Using each of the four cut-off scores determined from the 

development dataset, we measured the sensitivity, specificity, and 

percentages of true- and false-negative cases (i.e., true- or false-

negative cases divided by all patients in the validation dataset) of 

the model. We did similar analyses for the simplified diagnostic 

criterion. We also compared the LOCAT model to other models 

proposed by Atema et al. (8) and Avanesov et al. (9) by comparing 

the AUC (24) in the validation dataset. Atema et al. developed their 

model by excluding patients with “inflammatory mass”, which 

presumably corresponds to “abscess” in our cases. Therefore, we 

excluded small number of patients (n=19) with abscess on CT for 

the comparison between our model and that by Atema et al.

For subgroup analyses, we drew forest plots across 

predefined subgroups by gender, body-mass index, CT dose (i.e., 2 

mSv vs. conventional dose), use of iterative reconstruction, and 

clinical risk scores for appendicitis (25, 26).

We used R statistical software (version 3.3.2; R Foundation 

for Statistical Computing, Vienna, Austria). P values less than .05 

indicated statistical significance.
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Results

Participants

We excluded 158 of the 3,046 patients enrolled in the trial 

(10) as they had incomplete reference standards for complicated 

appendicitis. Of the 2,888 patients, 1,153 patients with positive CT 

results for appendicitis (likelihood grade ≥ 3) were included in our 

study. They were 473 females (mean age ± standard deviation, 29.4 

± 8.4 years; range, 15–49 years) and 680 males (29.6 ± 8.5 years; 

15–55 years). The development dataset included 804 patients, 300 

of whom had complicated appendicitis (37.3%). The validation 

dataset included 349 patients, 121 of whom had complicated 

appendicitis (34.7%) (Table 2).

Model Development and Internal Validation

Clinical predictors that were significantly associated with 

complicated appendicitis in the univariable analysis were white blood 

cell count, segmented neutrophils (%), C-reactive protein, anorexia, 
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symptom lasting longer than two or more days, and body 

temperature. All CT predictors except for CT dose, intraluminal air 

and non-obstructive intraluminal appendicolith were associated with 

complicated appendicitis (Table 3). For the final model, six 

predictors (segmented neutrophils, contrast-enhancement defect of 

the appendiceal wall, abscess, moderate or severe periappendiceal 

fat stranding, appendiceal diameter, and extraluminal air) were 

selected (Table 4). Web-based calculator for the model is available 

at http//:calculator.locat.org. 

The calibration plot had a slope of 0.99 (Fig 4). The AUC was 

0.80 (95% CI: 0.77, 0.83). Optimism-corrected AUC was 0.78. The 

specificity, percentage of false- and true-negative at the four 

diagnostic cut-off scores are summarized in Table 5. Using the cut-

off score targeting the sensitivity of 95%, the specificity, percentage 

of false-negative cases, and percentage of true-negative cases 

were 29.6%, 1.9% and 18.5%, respectively.

External Validation

LOCAT model showed calibration plot slope of 1.03 (Fig 5) 
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and AUC of 0.81 (95% CI: 0.77, 0.85) in the validation dataset. The 

sensitivity, specificity, percentage of false-negative cases, and 

percentage of true-negatives at the four predetermined diagnostic 

thresholds are summarized in Table 6. Using the cut-off score 

targeting the 95% sensitivity, the specificity, percentage of false-

negative cases, and percentage of true-negative cases were and 

19.3% (14.4%, 25.0%), 1.4% and 12.6%, respectively. The receiver 

operating characteristic of the model in the validation dataset was 

overall, comparable to that in the development dataset. The 

sensitivity in the validation dataset tended to be slightly higher than 

that in the development dataset, while the reverse trend was 

observed for specificity. This mild degree of systematic 

miscalibration was presumed to be due to differing prevalence of 

complicated appendicitis in the development and validation datasets. 

When the model was adjusted for the prevalence (i.e., intercept) in 

the validation dataset (Table 7), the sensitivity, specificity, 

percentage of false-negative cases, and percentage of true-

negative cases at the cut-off score targeting 95% sensitivity were 

93.4% (91.8%, 99.1%), 28.1% (13.6%, 24.1%), 2.3%, and 18.3 %.

Our model had greater AUC than the model by Atema et al.
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(difference [95% CI], 0.10 [0.02, 0.17]; P = .02) and the model by 

Avanesov et al. (0.10 [0.02, 0.17]; P = .01) in the validation dataset.

Simplified Diagnostic Criterion

Our post-hoc exploration of all possible combinations of the 

predictors included in the LOCAT model showed that the sensitivity 

of 95% could be reached when any of the categorical CT predictors, 

appendiceal diameter ≥ 10 mm, or segmented neutrophil ≥ 81% was 

present (Table 8). The sensitivity and specificity in the validation 

dataset were 94.2% (88.4%, 97.6%) and 18.9% (14.0%, 24.6%) 

using the simplified diagnostic criterion.

Subgroup Analyses

Both LOCAT model and its simplified diagnostic criterion 

showed questionable heterogeneity for subgroups categorized by 

clinical risk scores for appendicitis: higher specificity in patients 

with low Alvarado scores than in patients with intermediate or high 

scores. Otherwise, there was no substantial heterogeneity across 

the subgroups (Fig 6). 
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Discussion

While increased accessibility of CT has indeed contributed to 

lowering the negative appendectomy rate (27, 28), more prompt and 

definitive diagnosis by CT has also led to increased surgical 

treatment of appendicitis. Some of these surgically treated cases are 

very mild appendicitis, which may have been treated non-

operatively in the era when the diagnosis was made primarily based 

on clinical findings. This increase in the number of diagnosis of mild 

appendicitis is supported by epidemiologic data (29); while the 

incidence rate of uncomplicated appendicitis showed increasing 

trend since 2000, coinciding with more prevalent use of CT imaging, 

the incidence rate of complicated appendicitis remained steady 

during the same period. Considering the differing epidemiologic 

trend of complicated and uncomplicated appendicitis, previous 

assumption that uncomplicated appendicitis will eventually progress 

to complicated appendicitis if not treated in time, may be erroneous. 

This observation is the basis for the premise of recent RCTs (2, 4, 

5), that uncomplicated and complicated appendicitis are two discrete 



16

entities, and that the former can be treated without surgery. 

For identification of the patient group with higher likelihood of 

spontaneous improvement, it would be most ideal if all cases of 

uncomplicated appendicitis could be diagnosed pre-operatively. 

However, our study results suggest that differentiation of 

complicated from uncomplicated appendicitis is challenging, even if 

CT and clinical predictors are combined. The AUC of our model, 

reflecting the overall performance in diagnosing complicated 

appendicitis, was 0.80 in the development dataset and 0.81 in the 

validation dataset. These values may not be satisfactory for 

physicians who would wish to apply non-operative management to 

majority of the patients with uncomplicated appendicitis. However, 

as serious complications such as peritonitis may result from applying 

non-operative management to complicated appendicitis, it may be 

appropriate to attempt non-operative management only for the 

patients who have appendicitis that is unequivocally uncomplicated. 

Our model was built with such rationale, prioritizing sensitivity over 

specificity. When our model targeting 95% sensitivity was applied to 

the validation dataset, the percentages of false- and true negatives 

were 1.4% and 12.6%, respectively. When the cut-off score 
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targeting sensitivity of 85% was applied, the percentages of false-

and true negatives were 4.0% and 31.2%, respectively. 

We also provided simplified diagnostic criterion comprising 

five CT predictors and one clinical predictor, targeting the 

sensitivity of 95%. This may facilitate application of non-operative 

management in the daily practice, for patients and physicians who 

are unwilling to take much risk of treatment failure. For physicians 

who prefer non-operative management over surgery, our model 

may be modified to target a lower sensitivity threshold, via our 

online calculator. Lowering the threshold may increase the 

proportion of patients who can receive non-operative management, 

although meticulous clinical follow-up should be advised for these 

patients with higher risk of treatment failure. 

Many of the features known to have high specificity for 

complicated appendicitis, such as extraluminal appendicolith or 

elevated C-reactive protein, were not included in our model. The 

features with low inter-observer agreement and confounding effect 

to one another were removed in the modeling process. However, the 

exclusion from our model does not necessarily indicate that the 

feature is irrelevant for the diagnosis of complicated appendicitis. 
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Undoubtedly, such features should also be evaluated cautiously by 

practicing physicians who use our model.

In contrast to ample evidence supporting the use of low-dose 

CT for the diagnosis of appendicitis, there is lack of study on the use 

of low-dose CT for complicated appendicitis. According to our 

subgroup analysis, the LOCAT model did not show notable 

performance difference in between the 2-mSv and conventional-

dose subgroups. 

As our study included patients with grade 3 or higher for the 

likelihood of appendicitis, the LOCAT model should be applied to 

patients with underlying CT findings suggestive of acute appendicitis. 

As features such as abscess or extraluminal air can be observed in 

other clinical settings such as bowel perforation as well, these 

features should be used to differentiate complicated from 

uncomplicated appendicitis only when appendicitis is suspected at 

CT. 

Our study has limitations. First, although one of the strengths 

of our study was that the validation dataset was drawn from 

hospitals different from those in the development dataset, the two 

datasets nonetheless shared many overlapping traits. Patients of 
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both datasets were drawn from large teaching hospitals in a single 

country, recruited for research purpose within a similar time period. 

Thus, although our model was externally validated using large 

sample size from multi-institutions, generalizability is still uncertain 

for other clinical settings involving different ethnicities and 

reimbursement systems. On a similar note, the comparison between 

our model and the other models by Atema et al. (8) and Avanesov et 

al. (9) may have been disadvantageous for the other models. Second, 

further validation studies where our model is prospectively applied 

to clinical practice, preferably with clinical end points such as 

treatment failure rate of non-operative management, will be needed. 

Third, we did not measure overall interobserver agreement for our 

model, as we have already shown excellent interobserver agreement 

for the CT predictors in another study (in submission).

With recent surge in interest for non-operative management 

of appendicitis, diagnosis of interest is shifting from differentiating 

appendicitis vs. non-appendicitis to differentiating complicated 

appendicitis vs. [uncomplicated appendicitis and non-appendicitis]. 

We propose a diagnostic model for selection of patients who are 

likely to respond to non-operative management of appendicitis. 
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Considering the high prevalence of appendicitis, our model may 

reduce significant number of unnecessary appendectomies in 

patients with uncomplicated appendicitis. 
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Table 1: Definitions or Units of Candidate Predictors

Predictors
Definition or Unit

Demographic predictors

Age …

Gender …

Clinical predictors

Laboratory

White blood cell 103/mm3

Segmented neutrophils
% (percentage of segmented neutrophil out of the total 

white blood cell count)

C-reactive protein mg/dL in the serum

Subjective symptoms

Vomit …

Anorexia …

Nausea …

Migration of pain Periumbilical and/or epigastric pain migrating to the RLQ

Initial RLQ pain At the time of symptom onset
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Current RLQ pain At the time of presentation to the emergency department

Duration of chief symptoms

Time interval between the symptom onset to the 

presentation in emergency department

  ≤ 12 hour

  13–24 hour

  2–3 days

  4 or more days

Physical examination

Body temperature ℃

Tenderness in RLQ …

Rebound tenderness in RLQ …

CT predictors

CT dose 2-mSv CT vs. conventional-dose CT

CT features*

Contrast-enhancement defect of the 

appendiceal wall
As compared with the normal intestine

Abscess
Extraluminal fluid collection encapsulated by contrast-

enhanced wall

Periappendiceal fat stranding Increased attenuation of the periappendiceal fat

None to mild None, or just perceptible (1–2 mm thickness)
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Moderate Overt stranding, confined to the mesoappendix

Severe Overt stranding, extending outside the mesoappendix

Appendiceal diameter
Maximum diameter between the outer borders of the

appendiceal wall, measured in mm 

Extraluminal air …

Intraluminal air Within the appendix

Intraluminal appendicolith …

Obstructive appendicolith
Radio-opaque or radiolucent fecalith causing obstruction in 

the appendiceal orifice

Non-obstructive appendicolith Radio-opaque or radiolucent fecalith without obstruction

Note.—Ellipsis indicates no specific comment. RLQ = right lower quadrant, CT = computed tomography. 

*Definitions of CT features adopted from (7).
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Table 2: Patient Characteristics

Characteristics
Development 

(n = 804)

Validation

(n = 349)
P value

Age (year) 29.3 ± 8.5 29.9 ± 8.3 .27

Gender

Female 328 (40.8%) 145 (41.6%) .81

Male 476 (59.2%) 204 (58.5%) .81

Body mass index (kg/m2)* 23.0 ± 3.6 23.0 ± 3.3 > .99

< 18.5 (underweight) 55 (6.8%) 29 (8.3%) .38

18.5–24.9 (normal) 529 (65.8%) 230 (65.9%) .97

25.0–29.9 (overweight) 220 (27.4%) 90 (25.8%) .58

Laboratory 

White blood cell (103/mm3) 13.1 ± 4.1 13.6 ± 3.9 .050

Segmented neutrophils (%) 76.4 ± 10.1 78.9 ± 9.0 < .001

C-reactive protein (mg/dL)† 2.8 ± 4.3 3.0 ± 4.5 .47

Subjective symptoms

Vomit 224 (27.9%) 95 (27.2%) .82

Anorexia 403 (50.1%) 175 (50.1%) > .99

Nausea 342 (42.5%) 167 (47.9%) .100

Migration of pain 328 (40.8%) 137 (39.3%) .62

Initial RLQ pain 359 (44.7%) 162 (46.4%) .58

Current RLQ pain 729 (90.7%) 317 (90.8%) .93
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Duration of chief symptoms

≤ 12 hr 338 (42.0%) 151 (43.3%) .70

13–24 hr 258 (32.1%) 124 (35.5%) .25

2–3 days 165 (20.5%) 61 (17.5%) .23

4 or more days 43 (5.4%) 13 (3.7%) .24

Physical examination

Body temperature (℃) 36.9 ± 0.6 36.9 ± 0.6 > .99

Tenderness in RLQ 724 (90.1%) 316 (90.5%) .80

Rebound tenderness in RLQ 

Slight 19 (2.4%) 13 (3.7%) .200

Moderate 381 (47.4%) 138 (39.5%) .010

Severe 4 (0.5%) 1 (0.3%) .62

Clinical risk scores for appendicitis

Alvarado score

Low risk (0–4) 177 (22.0%) 60 (17.2%) .060

Indeterminate risk (5–8) 549 (68.3%) 253 (72.5%) .150

High risk (9–10) 78 (9.7%) 36 (10.3%) .75

Appendicitis inflammatory response score

Low risk (0–4) 321 (39.9%) 123 (35.2%) .130

Indeterminate risk (5–8) 463 (57.6%) 212 (60.7%) .32

High risk (9–12) 20 (2.5%) 14 (4.0%) .160

Final diagnosis

Complicated appendicitis 300 (37.3%) 121 (34.7%) .39
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Perforation 205 (25.5%) 58 (16.6%) .001

Gangrene 29 (3.6%) 30 (8.6%) < .001

Both perforation and gangrene 62 (7.7%) 32 (9.2%) .41

PCD or interval appendectomy 4 (0.5%) 1 (0.3%) .62

Absence of complicated appendicitis 504 (62.7%) 228 (65.3%) .39

Uncomplicated appendicitis 435 (54.1%) 214 (61.3%) .020

Negative appendectomy 20 (2.5%) 4 (1.1%) .140

Symptom relief without treatment 49 (6.1%) 10 (2.9%) .020

Note.—Data are mean ± standard deviation or numbers (percentages) of patients. RLQ = right lower 

quadrant. PCD = percutaneous drainage. 

*Weight in kilograms divided by the square of the height in meters. 

†One patient in the development dataset and five patients in the validation dataset had missing data.
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Table 3: Univariable and Multivariable Analyses of Candidate Predictors

Candidate Predictors OR (95% CI) Adjusted OR (95% CI)

Demographic predictors

Age (year) 1.02 (1.00−1.04)

Gender

Female (Reference)

Male 1.15 (0.86−1.54)

Clinical predictors

Laboratory 

White blood cell (103/mm3) 1.08 (1.04−1.12)

Segmented neutrophils (%) 1.05 (1.03−1.06) 1.03 (1.01−1.05)

C-reactive protein (mg/dL) 1.14 (1.10−1.19)

Subjective symptoms

Vomit 1.18 (0.86−1.62)

Anorexia 1.55 (1.17−2.07)

Nausea 1.05 (0.79−1.41)

Migration of pain 1.18 (0.88−1.58)

Initial RLQ pain 0.81 (0.60−1.08)

Current RLQ pain 1.21 (0.73−2.00)

Duration of chief symptoms

≤ 12 hr (Reference)

13–24 hr 1.27 (0.90−1.79)
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2–3 days 2.07 (1.41−3.03)

4 or more days 2.84 (1.49−5.42)

Physical examination

Body temperature (℃) 1.93 (1.50−2.48)

Tenderness in RLQ 0.79 (0.49−1.26)

Rebound tenderness in RLQ

Slight 0.79 (0.29−2.11)

Moderate 1.03 (0.77−1.38)

Severe 1.70 (0.24−12.21)

CT predictors

CT dose

2-mSv CT (Reference)

Conventional-dose CT 0.90 (0.68−1.20)

CT features

Contrast-enhancement defect 

of the appendiceal wall
6.43 (4.38−9.44) 2.44 (1.54−3.88)

Abscess 10.61 (4.40−25.59) 3.48 (1.29−9.33)

Periappendiceal fat stranding

None to mild (only perceptible) (Reference)

Moderate 3.51 (2.49−4.96) 1.69 (1.13−2.52)

Severe 10.38 (6.56−16.43) 2.95 (1.71−5.12)

Appendiceal diameter (mm) 1.32 (1.25−1.40) 1.21 (1.14−1.29)

Extraluminal air 34.01 (4.53−255.40) 9.28 (1.12−76.60)
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Intraluminal air 0.71 (0.49−1.05)

Intraluminal appendicolith

Obstructive appendicolith 1.74 (1.23−2.46)

Non-obstructive appendicolith 1.38 (0.96−1.98)

Note.—OR = odds ratio, CI = confidence interval, RLQ = right lower quadrant, CT = computed 

tomography.
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Table 4: Model Specification

Predictor and Intercept
β coefficient or

Intercept
95% CI P value

Predictors

Laboratory

Segmented neutrophils (%) 0.03 (0.01–0.05) .001

CT features

Contrast-enhancement defect of 

the appendiceal wall
0.89 (0.43–1.36) < .001

Abscess 1.25 (0.26–2.23) .013

Periappendiceal fat stranding

Moderate 0.52 (0.12–0.93) .011

Severe 1.08 (0.53–1.63) < .001

Appendiceal diameter (mm) 0.19 (0.13–0.26) < .001

Extraluminal air 2.23 (0.12–4.4) .039

Intercepts*

Prevalence 37.3%† -5.7 (-7.24–-4.15) < .001

Prevalence 25.0% -6.27

Prevalence 30.0% -6.02

Prevalence 35.0% -5.79

Prevalence 40.0% -5.59

Note.—CI = confidence interval. 
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*Intercepts were adjusted according to varying prevalence of complicated appendicitis, using the method 

provided by King et al. (23). 

†Prevalence of complicated appendicitis in the trial (10)
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Table 5: Specificity, Percentage of False and True Negatives, and Cut-off Scores in the Development 

Dataset at Several Target Sensitivities

Target 

Sensitivity
Specificity

False 

Negative*

True 

Negative†

Cut-off

Score

100% 5.6% [28/504] 0.0% [0/804] 3.5% [28/804] > 0.08

95% 29.6% [149/504] 1.9% [15/804] 18.5% [149/804] > 0.16

90% 44.0% [222/504] 3.7% [30/804] 27.6% [222/804] > 0.19

85% 53.4% [269/504] 5.6% [45/804] 33.5% [269/804] > 0.23

Note.—Data are percentage (Numerator/denominator). 

*Percentage of false negative among all patients of the development dataset. 

†Percentage of true negative among all patients of the development dataset.
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Table 6: Application of Cut-off Scores to the Validation Dataset

Cut-off Score 

(target sensitivity)
Sensitivity (%) Specificity (%)

False 

Negative (%)*

True 

Negative (%)†

> 0.08 (100%)
100.0%, (97.0–100.0) 

[121/121]

1.8%, (0.5–4.4) 

[4/228]

0.0% 

[0/349]

1.1% 

[4/349]

> 0.16 (95%)
95.9%, (90.6–98.6) 

[116/121]

19.3%, (14.4–25.0) 

[44/228]

1.4% 

[5/349]

12.6% 

[44/349]

> 0.19 (90%)
91.7%, (85.3–96.0) 

[111/121]

36.4%, (30.2–43.0) 

[83/228]

2.9% 

[10/349]

23.8% 

[83/349]

> 0.23 (85%)
88.4%, (81.3–93.5) 

[107/121]

47.8%, (41.2–54.5) 

[109/228]

4.0% 

[14/349]

31.2% 

[109/349]

Note.—The data are percentage, % (95% CI) [Numerator/denominator]. 

*Percentage of false negative among all patients of the validation dataset. 

†Percentage of true negative among all patients of the validation dataset.
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Table 7: Application of Cut-off Scores to the Validation Dataset Using Prevalence-adjusted Intercept*

Cut-off Score 

(target sensitivity)
Sensitivity (%) Specificity (%)

False 

Negative (%)†

True 

Negative (%)‡

> 0.08 (100%)
100.0%, (97.0–100.0) 

[121/121]

2.6%, (0.5–4.4) 

[6/228]

0.0%

[0/349]

1.7% 

[6/349]

> 0.16 (95%)
93.4%, (91.8–99.1) 

[113/121]

28.1%, (13.6–24.1) 

[64/228]

2.3% 

[8/349]

18.3% 

[64/349]

> 0.19 (90%)
90.1%, (85.3–96.0) 

[109/121]

39.0%, (26.8–39.4) 

[89/228]

3.4% 

[12/349]

25.5% 

[89/349]

> 0.23 (85%)
84.3%, (83.3–94.8) 

[102/121]

51.3%, (38.6–51.9) 

[117/228]

5.4% 

[19/349]

33.5% 

[117/349]

Note.—The data are percentage, % (95% CI) [Numerator/denominator]. 

*Intercept was adjusted according to the prevalence of complicated appendicitis in the validation dataset.

†Percentage of false negative among all patients of the validation dataset.

‡Percentage of true negative among all patients of the validation dataset.
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Table 8: Simplified Diagnostic Criterion for Diagnosing Complicated Appendicitis

Rule: Presence of any of the following indicates the 

presence of complicated appendicitis with 95% sensitivity

Laboratory 

Segmented neutrophils ≥ 81%

CT features

Contrast-enhancement defect of the appendiceal wall

Abscess

Moderate or severe periappendiceal fat stranding

Appendiceal diameter ≥ 10 mm

Extraluminal air

Note.—CT = computed tomography.
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Figures

Figure 1: Patient flow diagram.
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Figure 2: Contrast-enhanced axial CT image of a 40-year-old male showing contrast-enhancement 

defect of the appendiceal wall (white arrow), and moderate periappendiceal fat stranding (black arrows). 

Appendiceal perforation was confirmed via appendectomy.
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Figure 3: Contrast-enhanced axial CT image of a 25-year-old female showing appendiceal abscess 

(arrows). Appendiceal perforation with abscess was confirmed via appendectomy.
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Figure 4: Calibration plot for the development dataset (red line), with slope of 0.99 (blue line). Diagonal

dashed line represents ideal calibration, showing perfect concordance between observed 

proportions and predicted probabilities. 
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Figure 5: Calibration plot for the validation dataset (red line), with slope of 1.03 (blue line). Diagonal

dashed line represents ideal calibration, showing perfect concordance between observed 

proportions and predicted probabilities.
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Figure 6: Univariable Subgroup Analyses for the LOCAT model and the Simplified Diagnostic Criterion

Note.—Data are percentage (Numerator/denominator). Solid vertical lines indicate point estimates in total 

patients. AUC = area under the curve, CT = computed tomography. 

*Determined at the cut-off score of > 0.16. 
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†Weight in kilograms divided by the square of the height in meters.
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국문초록

서론: 최근 무작위배정 연구에서 CT 로 합병성 충수염이 아닌 단순

충수염이 있는 환자들을 선택하여 수술 대신 항상제로 보존적 치료를

하는 시도들이 있음. 이로 인해 수술 전 합병성 충수염과 비합병성

충수염의 구별이 중요해짐. 이 연구에서 CT 의 영상 소견과 환자의 임상

소견을 이용하여 합병성 충수염을 진단할 수 있는 진단 모델을 개발하고

이의 외적 타당도를 검증하고자 함. 

방법: 본 후향적 연구는 이전 저선량 (2 mSv)과 표준선량 (8 mSv)의

복부 CT 촬영 간 음성충수절제율을 비교한 이전 다기관 무작위배정

연구 (Low-dOse CT for AppendiciTis [LOCAT] trial)의 데이터를

사용하였으며, CT 에서 급성 충수염이 의심되는 1153 명의 청소년 및

젊은 성인 (평균 나이 ± 표준 편차, 30 ± 8 years)을 포함함. 연구에

참여한 총 20 개 기관 중 12 개 기관의 804 명의 환자의 데이터가 모델

개발을 위해 사용되었고, 나머지 8 개의 기관의 349 명의 환자의

데이터가 모델의 외적 타당도 검증을 위해 사용되었음. Outcome of 

interest 는 합병성 충수염 (천공 또는 괴사)으로, 수술이나 병리 소견에

의거하여 모델 개발 dataset 과 검증 dataset 에서 각각 300 명, 

121 명에서 합병성 충수염이 진단됨. 2 개의 demographic, 13 개의

clinical, 9 개의 CT 예측 변수로부터 Bayesian information criteria 을

사용하여 model derivation 을 시행하였음. 95% 민감도를 타겟으로 하는

simplified diagnostic criterion 을 모델로부터 derive 함. 개발된 모델

및 simplified diagnostic criterion 을 검증 dataset 에 적용하여 검증

dataset 에서의 민감도 특이도를 측정함. 

결과: 5 개의 CT 예측 변수 (contrast-enhancement defect of the 

appendiceal wall, abscess, periappendiceal fat stranding, appendiceal 

diameter, and extraluminal air) 및 분절형 호중구가 모델에 포함됨. 
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검증 dataset 에서 민감도 및 특이도는 모델을 사용하였을 때 각각 95.9% 

(90.6%, 98.6%) 와 19.3% (14.4%, 25.0%)였고, simplified diagnostic 

criterion 을 사용했을 때 각각 94.2% (88.4%, 97.6%)와 18.9% 

(14.0%, 24.6%)였음.

결론: 개발된 모델은 높은 민감도로 합병성 충수염을 진단할 수 있어, 

향후 비합병성 충수염 환자 군에서 시행되는 불필요한 충수염 절제술을

줄일 수 있을 것으로 기대됨.

학번: 2017-34436
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