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Background: Surgical intervention is important for acute appendicitis. Perforated appendicitis leads to more complications and is 
more difficult to manage. Studies differentiating ruptured from nonruptured appendicitis are controversial. Aim: Early identification 
of perforated appendicitis is important for first‑line medical practitioners. Our study aimed to provide more indicators to evaluate 
the risk of perforation before surgery. Methods: This retrospective study included 116 patients who underwent an appendectomy 
at the Tri‑Service General Hospital between 2014 and 2018 with pathological diagnosis. Based on the surgical records, the patients 
were classified into two groups: simple (nonperforation) and complicated (perforation). Results: The patients (68 boys, 48 girls) 
were all under 18 years of age. Simple appendicitis was diagnosed in 87 patients and perforated appendicitis in 29 patients. Analysis 
revealed significant differences in blood C‑reactive protein (CRP) levels between the two groups. The highest Youden’s index was 
at a CRP level of 1.755 mg/dL. Positive findings were obtained for suppurative change as well as chylous ascites. Conclusion: 
Elevated CRP level was found to be a useful biomarker in predicting perforated appendicitis, excluding other general factors in 
pediatric patients. Suppurative change and chylous ascites could serve as indicators for the possibility of perforation during surgery.
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cause of obstruction persists, the appendix becomes swollen, 
ischemic, and ruptures, which may induce intra‑abdominal 
infection.4,5 The exact time of perforation is unclear but is 
generally regarded as a high‑risk factor for peritonitis if not 
intervened on time. Therefore, the possibility of perforation 
is crucial for pediatric clinicians. In addition, perforation of 
the appendix may complicate management during and after 
surgery.6 Therefore, obtaining adequate information before 
surgery would help establish therapeutic plans.

In practice, besides history taking and physical examinations, 
we usually perform blood tests, sonography, computed 
tomography (CT), or magnetic resonance imaging (MRI) for 
suspected appendicitis cases. Although sonography and CT 
can provide fast and accurate information on perforation of the 
appendix, sonography is highly operator dependent, and CT 
is not recommended for pediatric patients for initial diagnosis 
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INTRODUCTION

Acute appendicitis is one of the most common acute 
abdominal diseases encountered in pediatric emergency 
departments. Without timely diagnosis and surgical 
intervention, severe complications such as peritonitis, bowel 
perforation, and bowel gangrene may develop, resulting 
in more severe therapeutic complications.1 Therefore, to 
improve the diagnosis, several diagnostic strategies have been 
established to differentiate between acute appendicitis and 
other abdominal conditions.2 The Alvarado score is one of 
the most commonly used scoring systems to diagnose acute 
appendicitis, which includes vital signs, clinical symptoms, 
and blood test reports. However, its accuracy is limited;3 
therefore, other parameters are important to help first‑line 
health care providers make a more appropriate identification.

Acute appendicitis is caused by a series of inflammatory 
processes, starting from obstruction. As time progresses, if the 
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because of the high dosage of radiation.7 On the other hand, 
MRI is recommended in pediatric groups but requires a longer 
time, possible need of sedative agents, and is not readily 
available considering the current medical resources.8 There 
are further limitations to applying these diagnostic tools to 
pediatric patients, including patient cooperation. Therefore, 
we prefer blood test results as the first objective measure, apart 
from physical examinations and history taking, to assess the 
need for additional imaging studies.

C‑reactive protein (CRP) is an acute inflammatory protein 
that promotes leukocyte, complement, and cytokine migration 
to regions of inflammation and infection.9 However, evidence 
proving the association between blood test results and the 
perforation of appendices remains controversial.10,11 Therefore, 
we conducted a retrospective study to evaluate whether 
CRP level could be a useful inflammatory marker to predict 
perforation of the appendicitis.

MATERIALS AND METHODS

Between 2014 and 2018, medical records of all patients 
under 18  years of age who were diagnosed with acute 
appendicitis and underwent surgery at the Tri‑Service 
General Hospital were retrieved for further evaluation. We 
retrospectively collected information such as age, sex, white 
blood cell  (WBC) count, neutrophil count, and CRP level 
of patients who underwent appendectomy after surgical and 
pathological diagnosis of acute appendicitis. In addition, data 
of symptoms and signs such as fever peak, abdominal pain, 
nausea, vomiting, and diarrhea were collected.

When acute appendicitis was suspected clinically, the patients 
received surgical intervention within 24 h after the last blood 
sample collection. Enrolled patients were categorized into two 
groups based on their surgical records: simple (nonperforation) 
and complicated (perforation). Surgical records of all patients 
enrolled were collected and analyzed.

The Mann–Whitney U test or Student’s t‑test was performed 
for continuous variables such as age, leukocyte count, 
neutrophil count, and CRP level between the two groups. 
The Chi‑square test was performed for categorical variables. 
To estimate the predictive value of CRP, receiver operating 
characteristic  (ROC) curves were constructed, and the areas 
under the ROC curves were assessed. A  two‑tailed P < 0.05 
was considered statistically significant. Statistical analyses 
for this study were performed using IBM SPSS Statistics for 
Windows, Version 22.0 (IBM Corp., Armonk, NY, USA).

IRB approval information
The study was approved by the Institutional Ethics Review 

Board of Tri‑Service General Hospital  (C202005186), and 

the requirement for informed consent was waived due to the 
retrospective design of the study.

RESULTS

A total of 137  patients were enrolled in our study. Of 
these, 8 were excluded due to incomplete records, and 13 
were excluded as a result of a negative pathological diagnosis 
of appendicitis. Finally, 87 patients in the simple group and 
29  patients in the complicated group were included for the 
analysis [Figure 1].

Age and sex distributions were analyzed, and no difference 
was found between the two groups [Table 1]. In blood tests, 
the CRP level showed significant differences between the 
simple and complicated groups  (P  <  0.05)  [Table  2]. The 
highest Youden index was at a CRP level of 1.755  mg/dL, 
with a sensitivity of 0.828 and specificity of 0.575 [Figure 2]. 
The leukocyte and neutrophil percentages did not differ 
significantly between the two groups  [Table  2]. There were 
no differences in any symptoms or signs between the two 
groups [Table 1]. Regarding surgical findings, both suppurative 
change and chylous ascites in the appendix showed analytical 
significance (P < 0.05 for both) [Table 2].

Figure 1: Flow chart shows selection of patients for analysis

Table 1: Patient characteristics, symptoms, and signs of 
each group

Simple Group 
(n=87), n (%)

Complicated Group 
(n=29), n (%)

P

Gender (male) 51 (58.6) 17 (58.6) 1.00

Age (years) 12.9 (±3.48) 13.2 (±3.45) 0.75

Fever (>38°C) 25 (28.7) 10 (34.5) 0.17

Fever (>39°C) 8 (9.2) 2 (6.9) 0.21

RLQ abdomen pain 86 (98.9) 29 (100) 1.00

Nausea 64 (73.6) 21 (72.4) 1.00

Vomiting 47 (54) 15 (51.7) 0.83

Diarrhea 15 (17.2) 8 (27.6) 0.28
Data are shown as n (%) or mean (±SD). RLQ=Right lower quadrant, 
SD=Standard deviation
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DISCUSSION

Laboratory data collected from pediatric patients diagnosed 
with acute appendicitis through pathological confirmation at 
the time of arrival at the emergency department were analyzed. 
The data revealed significant differences in CRP levels between 
patients with ruptured and nonruptured acute appendicitis. This 
finding implies that among patients with highly suspected acute 
appendicitis, the risk of the perforated appendix is related to the 
CRP level, irrespective of sex, age, onset time, fever, or other 
gastrointestinal symptoms. In clinical practice, this finding 
may help physicians who initially encounter patients with 
highly suspected acute appendicitis in clinically differentiating 
ruptured appendix by evaluating CRP level.

Previous studies have shown that among inflammatory 
markers, WBC count, procalcitonin level, and CRP level 

could play different roles in predicting the overall diagnosis 
of appendicitis among pediatric patients,11,12 with CRP being 
a more sensitive marker.12 In contrast, leukocyte count, 
neutrophil count, procalcitonin level, and CRP level can 
also help differentiate patients with complicated appendicitis 
from those with simple appendicitis. Among the markers, 
procalcitonin level was found to be more specific than 
leukocyte count and CRP level in diagnosing ruptured 
appendicitis; however, its sensitivity is the opposite.11‑13 
Meanwhile, another study showed that CRP plays no role in 
diagnosing acute appendicitis.10 Regarding this controversial 
issue, CRP levels in the simple and complicated groups 
reached statistical significance in our study, implying that we 
could predict the risk of ruptured acute appendicitis based 
on elevated CRP levels. These results may provide surgeons 
with more information before surgery and allow for better 
preparation, hopefully offering a useful indication to pediatric 
health‑care providers.

In our analysis, we attempted to determine the most 
sensitive cut‑off point of CRP level for differentiating ruptured 
appendicitis. Based on the ROC curve and calculation of the 
Youden index, we obtained a value of 1.755 mg/dl [Figure 2]. 
A  comparison between the simple and complicated groups 
revealed that the cut‑off value was lower than the mean CRP 
level in both groups. The most likely cause of this result may be 
the small sample size; a larger database might provide stronger 
evidence for better suggestions on clinical application. Despite 
these results, we can still conclude that the possibility of a 
ruptured appendix in patients with suspected appendicitis with 
elevated CRP levels is higher than that in patients with normal 
CRP levels.

Several studies have analyzed the time factor for 
distinguishing ruptured acute appendicitis. One study showed 
that the time 48 h after the onset of initial symptoms such as 
abdominal pain, fever, and gastrointestinal discomfort was 
positively related to ruptured appendicitis.4 Another study 
revealed that different CRP levels could indicate perforated 
appendicitis on different days after the onset of initial signs of 
discomfort, with statistical significance.14 Although evidence 
supports that CRP levels are positively correlated with onset 
time in predicting perforated appendix, it is sometimes 
challenging to determine the definite onset time of symptoms 
and signs in pediatric patients. Another study analyzed 
CRP levels 6 h before and after surgery to distinguish acute 
appendicitis from perforated appendicitis based on elevated 
CRP levels in pediatric patients.15 Even though the findings 
were significant, repeated blood sampling in a short period 
is not feasible in pediatric patients because the procedure 
would cause significant stress to the patients. In our study, we 
collected the data without considering the time factor, which 

Table 2: Blood test and surgical findings of each group
Simple Group 

(n=87)
Complicated Group 

(n=29)
P

Blood tests

WBC (/mm3) 15929.0 (±4414.5) 15735.3 (±5523.7) 0.85

Neutrophil (%) 82.69 (±9.01) 80.98 (±12) 0.56

CRP (mg/dL) 3.93 (±7.29) 7.41 (±6.5) 0.02

Surgical findings, n (%)

Suppurative change 54 (62.1) 24 (82.8) 0.04

Chylous fluid 25 (28.7) 21 (72.4) <0.01
Data are shown as n (%) or mean (±SD). WBC=White blood cell, 
CRP=C‑reactive protein, SD=Standard deviation

Figure 2: The chart shows that the receiver operating characteristic curve 
and area under the curve area was 0.75 with a standard deviation of 0.053. 
The highest Youden index was 1.402 at C‑reactive protein level 1.755 mg/dl, 
sensitivity 0.828, and specificity 0.575
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provides a simpler CRP level to differentiate patients who 
were highly suspected of having acute appendicitis with or 
without perforation before surgery. Blood tests were performed 
regardless of the onset time of symptoms and signs, which is 
more general and easier for clinicians to apply to patients.

In the analysis of WBC count, we found no evidence of 
perforated appendicitis from leukocytosis. Previous studies 
have revealed that WBC count is positively related to 
appendicitis.11,14 However, regarding the diagnosis of ruptured 
appendicitis, the previous findings remain controversial. Most 
studies concluded that the combination of leukocytosis and 
elevated CRP levels could help differentiate complicated 
appendicitis from simple appendicitis more accurately.6 
Another study reported that elevated CRP levels were more 
sensitive than leukocytosis in perforated appendicitis. In 
predicting complicated appendicitis, more evidence is needed 
to confirm the role of WBC counts. We expect that our ongoing 
study design will provide stronger evidence.

Abdominal tenderness occurred in almost all patients 
with acute appendicitis. In contrast, past reviews showed that 
abdominal tenderness was not helpful in differentiating the 
diagnosis in children at the acute stage, which may be related 
to poor specificity of physical examination in the pediatric 
group.11

Signs and symptoms of complicated appendicitis are 
nonspecific and difficult to distinguish.6 Among the history 
and physical examination findings mentioned in past 
studies, peritoneal signs are most correlated with ruptured 
appendicitis.4,6 Similar to other symptoms and signs, fever, 
nausea, vomiting, and diarrhea could not provide solid 
information on ruptured appendicitis in our analysis and other 
studies.6,11

Another point of view is that complicated appendicitis has 
a stronger relationship with intra‑abdominal abscess, wound 
infection, and postoperative ileus than simple appendicitis.6 
We found that the appearance of the appendix with both 
suppurative change and chylous ascites were significantly 
different between the two groups. The complications 
mentioned above were also closely related to the perforated 
appendix; thus, we could be aware of the severe condition 
based on the preoperative high CRP level.

The limitations of our research include the fact that the 
study population was small; the inclusion of more cases might 
help reach higher statistical efficacy. Second, our retrospective 
study did not include other inflammatory markers, such as 
procalcitonin. In addition, patients who did not undergo 
surgery were not enrolled in our study, considering the lack of 
pathologic proof of definite appendicitis. Despite few pediatric 
patients not undergoing surgery in our hospital due to strong 
suspicion of acute appendicitis, there is a study showing that 

nonoperative treatment is also a choice in uncomplicated 
appendicitis patients,16,17 which may have led to selection 
bias in our study. Finally, because of the high availability 
of medical resources in our country, the patients may have 
received medical interventions before our examinations, 
which was unclear. Although the previous interventions 
may have had different effects on our study, we analyzed the 
data without considering this possibility, and the results still 
reached statistical significance. Currently, we are conducting 
research with a new study design, attempting to prospectively 
analyze larger groups with more detailed information to obtain 
stronger evidence with higher sensitivity and specificity.

In this retrospective study, elevated CRP levels were 
found to be a useful biomarker for predicting perforated acute 
appendicitis in highly suspected pediatric groups based on 
the clinical manifestations in general, regardless of the onset 
time, duration, and other gastroenteric symptoms. In contrast, 
suppurative change and chylous ascites could also indicate 
ruptured appendicitis, providing more indications to pediatric 
surgeons before completing the surgery.

CONCLUSION

Elevated CRP level was found to be a useful biomarker in 
predicting perforated appendicitis, excluding other general 
factors in pediatric patients. Suppurative change and chylous 
ascites could serve as indications for the possibility of 
perforation during surgery.
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