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Abstract 21 

Background: To investigate the diagnostic value of objective factors present at admission for identifying 22 

predictive markers of perforated appendicitis in children. 23 

Methods: We performed a retrospective case review of 319 children aged ≤15 years who underwent 24 

treatment for acute appendicitis at our institution over a 6-year period from January 2011 to December 25 

2016. Univariate and multivariate analyses were performed to identify risk factors for perforation of acute 26 

appendicitis in children. 27 

Results: In the 6-year period, 319 patients underwent treatment for acute appendicitis, of whom 72 28 

(22.6%) had perforated appendicitis. Multivariate analysis revealed 5 independent factors predicting 29 

perforated appendicitis at admission: longer symptom duration (≥2 days), fever (axillary temperature 30 

≥38.0°C), elevated C-reactive protein level (≥3.46 mg/dL), appendiceal fecalith on imaging, and ascites 31 

on imaging. Among patients with all 5 risk factors, 93.3% had perforated appendicitis. All patients who 32 

had none of these factors did not have perforated appendicitis. 33 

Conclusions: Longer symptom duration (≥2 days), fever (axillary temperature ≥38.0°C), elevated C-34 

reactive protein level, and the presence of appendiceal fecalith and ascites on imaging are independent 35 

and objective factors predicting perforated appendicitis at admission. These risk factors have the potential 36 

to be helpful as an ancillary index for physicians determining the severity of appendicitis. 37 
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Introduction 41 

Acute appendicitis (AA) represents the most common abdominal surgical emergency in the pediatric 42 

population. Accurate diagnosis of AA is still challenging for pediatric clinicians because typical 43 

symptoms and signs are frequently absent, specific findings of AA are difficult to elicit in children, and 44 

clinical findings frequently overlap those of other conditions. There are numerous reports evaluating 45 

predictive factors and diagnostic tools for AA in children. Several clinical scoring systems have been 46 

devised and may have the potential to achieve acceptable levels of diagnostic accuracy. However, these 47 

scoring systems contained subjective factors and the results and algorithms could not clarify the severity 48 

of AA. 49 

Perforated appendicitis (PA) is an especially severe clinical situation because delayed treatment or 50 

misdiagnosis of PA could result in unnecessary complications, including peritonitis, sepsis, bowel 51 

obstruction, abscess formation, and fertility problems. This leads to a longer hospital stay and additional 52 

expenses [1, 2]. Recently, some investigators tried to determine the predictive factors of PA in adult 53 

series. However, to date, the number of studies concerning PA in the pediatric population is extremely 54 

limited [3-8]. 55 

The aim of this study was to investigate the diagnostic value of simple and ‘objective’ factors present at 56 

admission as predictive markers for PA in children. 57 

 58 
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Methods 59 

 Patients 60 

A retrospective chart review of patients, aged ≤15 years, who were diagnosed with AA at the Japanese 61 

Red Cross Society Himeji Hospital between January 2011 and December 2016 was conducted.  62 

Data gathered included patient age, gender, duration from symptom onset to admission, symptoms 63 

(vomiting and diarrhea), body temperature (axillary temperature), blood test results (white blood cell 64 

(WBC) count, neutrophil count, and C-reactive protein (CRP) level), and imaging results (maximum 65 

diameter of the appendix, presence of appendiceal fecalith, and presence of ascites on ultrasonography 66 

(US) and/or computed tomography (CT)). 67 

 Diagnosis of appendicitis and presence of appendicolith were determined by a single expert ultrasound 68 

technician and an attending-level radiologist interpreted the CT scans. 69 

The patients were divided into 2 groups: those with PA and those with non-perforated appendicitis 70 

(NPA). The definition of PA was based on the surgeon’s operative report for patients who underwent 71 

appendectomy or on the imaging report for patients who underwent non-operative management. 72 

 73 

Statistical analysis 74 

Normally distributed data are reported as mean ± standard deviation and categorical data are reported as 75 

frequency (percentage). Statistical comparisons between patients with and without perforation were 76 
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performed using independent group Student t-tests for continuous variables and chi square tests for 77 

categorical factors. A receiver-operating characteristic curve was constructed to evaluate the predictive 78 

accuracy of the logistic regression results and to estimate cut-off points for continuous variables to 79 

maximize sensitivity and specificity. Logistic regression analysis was performed to identify risk factors 80 

for PA. Differences were considered statistically significant at p<0.05. Stepwise backward elimination 81 

was used to select the best model before variables were included in the multivariate models. At each step, 82 

the factor with the highest p value was removed until all factors had a p value smaller than <0.20. All data 83 

analyses were performed with Microsoft Excel and JMP 15 (SAS Institute, Cary, NC). Statistical 84 

methodology was verified by statistics experts belonging to KOBE University Hospital CTRC. 85 

 86 

Ethics approval 87 

This study was approved by our institutional review board (registration no.: 21). All data were collected 88 

anonymously, and patient consent was not required. 89 

 90 

Results 91 

There were 319 patients with AA between January 1 2011, and December 31 2016. A total of 241 92 

patients underwent an appendectomy, of whom 47 had PA, and 78 patients underwent non-operative 93 

management, of whom 25 had PA. Patient demographic information is summarized in Table 1. A total 94 
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of 67 patients were diagnosed with CT, 229 patients were diagnosed with US, and 23 patients were 95 

diagnosed with both US and CT. 96 

 97 

Univariate and multivariate analyses of PA 98 

A receiver-operating characteristic curve and univariate statistical analysis showed that patients with PA 99 

tended to have the following factors: younger age (<9 years, AUC=0.666), longer symptom duration (≥2 100 

days, AUC=0.742), fever (axillary temperature ≥38.0°C), vomiting, diarrhea, elevated WBC count 101 

(≥15000 /μL, AUC=0.597), elevated neutrophil count (≥17190 /μL, AUC=0.602), elevated CRP level 102 

(≥3.46 mg/dL, AUC=0.866), greater appendiceal diameter (≥9.7 mm, AUC=0.636), presence of 103 

appendiceal fecalith on imaging, and presence of ascites on imaging. 104 

Multivariate logistic regression after stepwise regression to determine the strength of association with PA 105 

yielded only 5 significant risk factors: longer symptom duration (≥2 days, odds ratio (OR) 3.07, 95% 106 

confidence interval (CI) 1.38-6.82), fever (≥38.0°C, OR 2.73, 95% CI 1.21-6.19), elevated CRP level 107 

(≥3.46 mg/dL, OR 8.67, 95% CI 3.32-22.65), presence of appendiceal fecalith on imaging (OR 3.73, 95% 108 

CI 1.69-8.19), and presence of ascites on imaging (OR 3.07, 95% CI 1.42-6.63) (Table 2). 109 

 110 

Relationship between number of risk factors and perforation rate 111 
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In this study, 93.3% of patients with all 5 risk factors had PA, while all patients who had none of these 112 

factors did not have PA. Further, a receiver-operating characteristic curve showed that patients with 3 or 113 

more risk factors tend to have PA (AUC=0.906) (Table 3). 114 

 115 

Discussion 116 

Concerning the treatment strategy for PA, it is still debatable whether appendectomy should be performed 117 

or not. A meta-analysis showed that initial antibiotics, followed by interval appendectomy was associated 118 

with significantly fewer overall complications and no significant difference in clinical course [9]. On the 119 

other hand, a prospective, randomized trial showed that initial antibiotics followed by interval 120 

appendectomy was associated with higher overall adverse event rate, longer hospitalization, and higher 121 

cost [10]. Delayed treatment or misdiagnosis of PA could result in unnecessary complications, and 122 

perforation correlates strongly with duration of symptoms [11]. Presently, treatment for PA depends on 123 

the policy or practice of each institution, and we believe that there is no doubt that the presence of PA is 124 

one of the strongest factors determining the treatment strategy for AA. It is important to promptly 125 

distinguish PA from NPA. 126 

In general, diagnosis of advanced appendicitis can be difficult in children because of insufficient clinical 127 

history, age-dependent communication difficulties, and a large proportion of patients with atypical and 128 

nonspecific clinical presentations. Imaging tests have played a major role in the diagnosis of AA. US has 129 
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been considered as a first-choice imaging modality for children, as it is relatively inexpensive and 130 

requires no sedation, ionizing radiation, or contrast agents. Despite the benefits of US, the diagnostic 131 

utility of this modality may be greatly limited by operator ability and lack of availability at many 132 

hospitals during nights, weekends, and holidays [1, 2]. CT has several advantages over other imaging 133 

modalities, including ready availability at most institutions, rapid acquisition time, lack of operator 134 

dependency, and a relatively high sensitivity and specificity for the detection of AA [8]. However, some 135 

investigators have documented limited utility of CT for the detection and diagnosis of PA [12, 13]. 136 

There are numerous reports evaluating predictive factors and diagnostic tools of AA in children. Several 137 

clinical scoring systems have been devised and may have the potential to achieve acceptable levels of 138 

diagnostic accuracy. However, these scoring systems contained subjective factors and their results and 139 

algorithms do not predict the severity of AA. Therefore, we aimed to evaluate factors predictive of PA 140 

and to investigate the diagnostic value of simple objective factors at admission as predictive markers for 141 

PA in children. 142 

 In the present study, according to univariate analysis, younger age (<9 years), longer symptom duration 143 

(≥2 days), fever (axillary temperature ≥38.0°C), vomiting, diarrhea, elevated WBC count (≥15000 /μL), 144 

elevated neutrophil count (≥17190 /μL), elevated CRP level (≥ 3.46 mg/dL), greater appendiceal diameter 145 

(≥9.7 mm), presence of appendiceal fecalith on imaging, and presence of ascites on imaging were 146 

significant risk factors for PA. Our results show findings similar to those in previous reports that 147 



Predictive factors of PA in children 

10 
 

evaluated the difference between PA and NPA in children. For example, Nance et al. reported that PA 148 

increased in frequency as patient age decreased and the duration of symptoms lengthened [3]. Narsule et 149 

al. also reported that the risk of perforation increased in a linear fashion with duration of symptoms [4]. 150 

Gofrit et al. reported that children with PA were characterized by younger age, longer delay from 151 

symptom onset to correct diagnosis, higher oral and rectal temperatures, higher platelet count, and lower 152 

hemoglobin level [5]. The reasons these studies showed mixed results may be related to variations in 153 

study design, the differences in measurement method of body temperature such as rectal body 154 

temperature or axillary body temperature, quality of clinical examinations, and confounding factors 155 

among the variables examined [14]. To decrease confounding influences among variables, most recent 156 

studies tried to identify the true predictive factors for PA using multivariate analysis. However, the 157 

number of such studies is extremely limited. 158 

A prospective cohort study by Williams et al. identified “generalized tenderness on examination”, 159 

“duration of symptoms longer than 48 hours”, “WBC >19,400 /μL”, “abscess on CT scan”, and “fecalith 160 

on CT scan” as independent predictors of PA [6]. A retrospective, single-center study by Obinwa et al. 161 

showed that “preoperative temperature ≥37.5 °C” was most discriminatory for PA and “WBC count 162 

≥15100 /μL”, “preoperative anorexia”, and “rebound tenderness” were also significant discriminatory 163 

clinical variables [7]. Another retrospective, single-center study by Boettcher et al. showed that “CRP 164 
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levels >20 mg/dL” and “free abdominal fluid on US” were the most important features to differentiate 165 

perforated from simple appendicitis [8].  166 

In the current study, according to the multivariate model, independent predictive factors were longer 167 

symptom duration (≥2 days), fever (axillary temperature ≥38.0°C), elevated CRP level (≥3.46 mg/dL), 168 

presence of appendiceal fecalith on imaging, and presence of ascites on imaging. Our predictive factors 169 

were all relatively objective and easy to identify; therefore, we believe that these factors could be useful 170 

in determining the best course of treatment for pediatric clinicians. 171 

We also examined the potentiality of these predictive variables as constructing factors in a scoring 172 

system. We defined these 5 independent factors as the perforated appendicitis score (PAS). Interestingly, 173 

the higher the PAS, the higher the rate of PA in this study. Over 90% of patients with all 5 risk factors 174 

had PA, while all patients who had none of these factors did not have PA. Patients with PAS 1 or more 175 

had the possibility of PA. Consequently, PA should be suspected if the score is high, especially in cases 176 

of 3 points or more. Antibiotics should be selected and surgery should be considered, taking into account 177 

the risk of panperitonitis. 178 

Several limitations exist in our study. This study was a retrospective, nonrandomized, single-center 179 

analysis, which impedes inference of possible causalities.  180 
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The PAS was not constructed by “waiting risk factors” since we aimed to avoid complexity, which may 181 

prevent more efficient prediction of PA. Despite these limitations, we believe that the results reported 182 

herein could help physicians distinguish PA from NPA. 183 

The current investigation is a preliminary analysis. Our next study will be to evaluate the validity and 184 

applicability of PAS, including predictive factors reported by other investigators, in a prospective and 185 

multicenter collaborative investigation. 186 

 187 

Conclusion 188 

Longer symptom duration (≥2 days), fever (axillary temperature ≥38.0°C), elevated CRP level (≥3.46 189 

mg/dL), presence of appendiceal fecalith on imaging, and presence of ascites on imaging are independent 190 

and objective factors predicting PA at admission. These risk factors may potentially help physicians 191 

determine the severity of appendicitis as an ancillary index. 192 
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Table 1. Patient demographics 

 AA PA NPA 

N (%) 319 (100%) 72 (22.6%) 247 (77.4%) 

Demographics    
Age (years) 10.2±2.9 (2-15) 8.8±3.2 (2-14) 10.6±2.7 (2-15) 

Sex (male) 189 (59.2) 41 (56.9) 148 (59.9) 

Symptom    
Duration from symptom onset to admission (days) 1.5±1.8 (0-14) 2.6±2.1 (0-10) 1.2±1.5 (0-14) 

Fever (≥38.0 ℃)  102 (32.0) 51 (70.8) 51 (20.6) 

Vomiting 148 (46.4) 41 (56.9) 107 (43.3) 

Diarrhea 40 (12.5) 18 (25.0) 22 (8.9) 

Blood test    
WBC count (/μL) 15085±6291 

(3100-71000) 

16708±6265 

(4400-36600) 

14612±6219 

(3100-71000) 

Neutrophil count (/μL) 12512±5869 

(1443-53108) 

14272±6044 

(2913-33050) 

11997±5715 

(1443-53108) 

CRP (mg/dL) 4.23±5.78 

(0.00-43.88) 

10.03±7.15 

(0.01-43.88) 

2.52±3.93 

(0.00-25.00) 

Imaging test    
Maximum diameter of appendix (mm) 10.3±3.09 (4-24) 14.1±3.8 (4-22) 10.5±2.8 (4-24) 

Fecalith 107 (33.5) 44 (61.1) 63 (25.5) 

Ascites 111 (34.8) 46 (63.9) 65 (26.3) 

AA, acute appendicitis; PA, perforated appendicitis; NPA, non-perforated appendicitis; WBC, white 

blood cell; CRP, C-reactive protein. 

 

 



Table 2. Univariate and multivariate analyses of appendiceal perforation 
   Analyses `     

 PA [n (%)] NPA [n 

(%)] 

Univariate Stepwise Multivariate 

 n=47 n=194 p p p OR CI Intercept 

Demographics         

Age (<9 years old) 21 (44.6) 40 (20.6) <0.0001 0.0429 0.0733 2.08 0.93-4.61 0.4863 

Sex (male) 29 (61.7) 120 (61.9) 0.7309    

Symptom         

Duration from symptom onset to admission (≥2 days) 25 (53.2) 44 (22.7) <0.0001 0.0149 0.0059 3.07 1.38-6.82 0.5609 

Fever (≥38.0 ℃) 32 (68.1) 44 (22.7) <0.0001 0.0171 0.0159 2.73 1.21-6.19 0.5028 

Vomiting 27 (57.4) 90 (46.4) 0.0415 0.6712     

Diarrhea 10 (21.3) 13 (6.7) 0.0007 0.1551 0.1480 2.09 0.77-5.69 0.3694 

Blood test         

WBC count (≥15000/μL) 18 (38.3) 40 (20.6) 0.0053 0.0825 0.1354 0.51 0.21-1.24 -0.3400 

Neutrophil count (≥17190/μL) 17 (36.2) 29 (14.9) 0.0013 0.0359 0.0542 2.93 0.98-8.75 0.5373 

CRP (≥3.46 mg/dl) 40 (85.1) 51 (26.3) <0.0001 <0.0001 <0.0001 8.67 3.32-22.65 1.0797 

Imaging test         

Maximum diameter of appendix (≥9.7 mm) 27 (57.4) 62 (32.0) 0.0003 0.7925     

Fecalith 34 (72.3) 60 (30.9) <0.0001 0.0022 0.0011 3.73 1.69-8.19 0.6576 

Ascites 35 (74.5) 54 (27.8) <0.0001 0.0062 0.0043 3.07 1.42-6.63 0.5607 

AA, acute appendicitis; PA, perforated appendicitis; NPA, non-perforated appendicitis; OR, odds ratio; CI, 

confidence interval; WBC, white blood cell; CRP, C-reactive protein. 



Table 3. Correlation between number of risk factors and perforation rate  
Number of risk factors 5 4 3 2 1 0 

Number of AA patients 15 33 50 54 77 90 
Number of PA patients 14 23 23 8 4 0 

(%) 
93.3 69.7 46.0 14.8 5.2 0.0 

61.2 5.4 
*Number of patients 

**Number of patients with perforated appendicitis 
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