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Objective:Appendiceal perforation has significant effects on perioperativemorbidity and postoperative outcome.
The present study aimed to identify possible predictive factors associated with perforated appendicitis (PA) in
children at admission in the emergency department (ED).
Methods: In this retrospective observational cohort study, consecutive medical records of children <18 years old
with surgically and histopathologically confirmed acute appendicitis (AA) over three years (2013–2015) were
analyzed. Patients were divided into two groups: PA and non-perforated appendicitis (NPA). The differences be-
tween the two groups and potential predictors of PA were explored using univariate and multivariate analyses.
Results:During the study period, 295 patients underwent an appendectomy and had confirmatory AA diagnoses.
Ninety-two patients had a PA (31.2%). In the univariate analysis, male gender, vomiting, diarrhea, fever, elevated
white blood cell count (WBC) levels, and high C-reactive protein (CRP)were identified as predictors of PA. In the
multivariate analysis, male gender (odds ratio [OR]: 3.133; 95% confidence interval [CI]: 1.610–6.096); vomiting
(OR: 2.346; 95% CI: 1.141–4.822); diarrhea (OR: 4.549; 95% CI: 1.850–11.181); fever (OR: 3.429; 95% CI:
1.765–6.663); elevated WBC (OR: 2.962; 95% CI: 1.491–5.884) and elevated CRP (OR: 3.061; 95% CI:
1.267–7.396) were variables that predicted the PA in children.
Conclusion: Our data indicate that several clinical and biochemical parameters can reliably distinguish between
pediatric PA and NPA at admission in the emergency department.

© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. Introduction

Acute appendicitis (AA) is the most common abdominal surgical
emergency in the pediatric and adult population,with an estimated life-
time risk of 9% in boys and 7% in girls andwith the lifetime risk of appen-
dectomy of 12% for males and 23% for females [1,2]. AA typically affects
children and adolescents aged 10 to 20 years, but no age is exempt [2].
AA is uncommon in pre-school children and is often diagnosed at the
terval; CRP, C-reactive protein;
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perforated stage (perforated appendicitis, PA) [3]. Pediatric PA rates
are ~30% but can be much higher for younger children [4,5]. Compared
with non-perforated appendicitis (NPA), PA has a significant effect on
the postoperative outcome, increasing the rate of complications (up to
39%) such as abdominal/pelvic abscess, bowel obstruction, and wound
infections [6,7]. Increased morbidity in these patients also affected the
hospital length and greater resource utilization [8]. Therefore, an accu-
rate preoperative diagnosis of perforation is of utmost importance to
enable earlier operative treatment and reduce the overall morbidity.

Previous studies have identified potential predictors of PA, including
a delay in surgery [9-11],male gender [12], younger children [4,5], older
adults [12], appendicoliths [13], comorbidities [14], neutrophil ratio
[15], fever, anorexia, diarrhea, and imaging exams alterations [16]. How-
ever, prehospital or intrahospital factors that predict PA have been in-
consistently identified, with the contradictory data in the current
literature [17].
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
White blood cell (WBC) count reference values for pediatric popula-
tion (adopted from [19]).

Age WBC x 109/L

6 months to 2 years 6.0–17.5
2–3 years 6.0–17.0
4–5 years 5.5–15.5
6–7 years 5.0–14.5
8–15 years 4.5–13.5
16–17 years 4.5–13.0
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The present study aimed to identify factors predicting PA at admis-
sion in the pediatric emergency department (ED), comparing baseline
demographic, clinical symptoms, and simple and readily available
serum inflammatory markers of patients with PA and NPA.

2. Patients and methods

In this retrospective observational cohort study, consecutivemedical
records of children <18 years old with surgically and histopathologi-
cally confirmed AA over three years (2013–2015) were reviewed, in-
cluding their medical histories, laboratory and diagnostic test results,
physical examination, clinical and treatment notes.

All patients were classified into two groups as the PA group and the
NPA group. The eligibility criteria were grossly positive and microscop-
ically confirmed appendicitis. Patients were excluded when the
removed appendix was not inflamed (n = 15).

Diagnoses were classified according to the World Health Organiza-
tion International Classification of Diseases, version 9 and 10 (ICD-9
and ICD-10). The presence of fever was based on the history of fever
and defined as the axillary temperature > 37.2 °C and rectal tempera-
ture > 38 °C. A C-reactive protein (CRP) level > 10 mg/dL was consid-
ered high [18]. A total white blood cell count (WBC) was considered
elevated according to the age groups and cutoff values defined by Pedi-
atric CBC Reference Values (LTR10211) (Table 1) [19].

Operative findings were classified as NPA and PA. PAwas defined by
a visible hole in the appendix or an appendicolith free within the ab-
dominal cavity as well as the presence of purulent fluid (gross contam-
ination) within the peritoneal cavity. Histological perforation was
defined as a perforation confirmed by the microscopic analysis.

All patient medical records were de-identified and anonymized for
the current study. This studywas approved by the local institutional re-
view board (Ethical Committee of the Clinical Center, University of Sara-
jevo, Number: 0901–27,723). However, the IRB waived the informed
consent due to the retrospective nature of the study.

2.1. Statistical analysis

Univariate analysis was performed by comparing PA and NPA char-
acteristics using the Mann-Whitney U test for numeric variables and
the Fisher exact test for categorical variables. All variables in the univar-
iate testwere included in themultivariable analyses usingmultivariable
logistic regression analysis to create amodel to predict appendiceal per-
foration. For logistic regression analysis, the stepwise backward model
was applied. P-values <0.05 were considered statistically significant
for all statistical calculations. All statistical analyses were performed
using the Statistical Package for the Social Sciences (SPSS) IBM Version
26 (SPSS) (UNICOM Systems, Inc.).

3. Results

During the study period, 295 patients underwent an appendectomy
and had confirmatory appendicitis by histopathologic examination.
Among them, 172 patients (58.3%) were male. The overall male-
to-female ratio was 1.39:1. PA was found in 92 patients (31.2%). Male
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patients had PA significantly more frequently than females (p˂0.001).
Perforation was commonly seen in young children (<5 years) with a
perforation rate of 50%. Therewas a significant difference in the number
of PA patients per age group (Table 2).

Univariate analysis of variables that may serve as possible predictors
of PA, conducted between the groups (PA andNPA), is shown in Table 3.
We observed a significant difference between the two groups in gender
presence, vomiting, diarrhea, fever, CRP count, and WBC (Table 3).
Together with the variable age below five years, these variables were
entered into the initial logistic regression model. The final model in-
cluded male gender, age below five years, vomiting, diarrhea, fever,
WBC, and CRP (Table 4) and was characterized by a Nagelkerke
R-square value of 0.441 and Hosmer and Lemeshow goodness of fit
with a Chi-square value of 8.128 and a P-value of 0.421. This model ac-
curately classifies 78.2% of cases. Multivariate analysis revealed that the
factors significantly associated with PA were male gender (odds ratio
[OR]: 3.133; 95% confidence interval [CI]: 1.610–6.096); vomiting
(OR: 2.346; 95% CI: 1.141–4.822); diarrhea (OR: 4.549; 95% CI:
1.850–11.181); fever (OR: 3.429; 95% CI: 1.765–6.663); elevated WBC
(OR: 2.962; 95% CI: 1.491–5.884) and elevated CRP (OR: 3.061; 95%
CI: 1.267–7.396).

4. Discussion

This study revealed that patients' main demographic and clinical
characteristics and commonly used laboratory tests might reliably dis-
tinguish between the NPA from PA in pediatric patients admitted to ED.

Due to the inadequate information flow with concerned parents
about their children's medical history, age-related communication diffi-
cultieswith sick children, and often highly atypical and nonspecific clin-
ical presentations, PA diagnosis in children is often very challenging on
admission to pediatric ED. In contrast to the numerous studies that have
focused on predictors of AA [20-22], there is a relative scarcity of studies
exploring the differential diagnosis (PA vs. NPA) in children.

Consistentwith theprevious studies [2,23-25],we also found a slight
male predominance amongpediatric patientswith AA. Additionally, our
study's PA ratesweremuchhigher inmales (73.9%) (p˂0.001). This find-
ing is consistent with a study by Guss et al., who also reported that PA's
rate was significantly higher among males than females [26]. PA oc-
curred was also substantially higher in children <5 years (50%). Our
study's overall PA incidence was in line with literature data [6,26,27].
Accurate diagnosis and timely treatment of AA in children <5 years is
even more challenging due to the rarity of the disease, the variable
clinical presentation, less ability to articulate the clinical symptoms,
the rapid development, the immaturity of omentum, and defense
mechanisms [28].

This study also explored the potential value of commonly utilized
biomarkers, such asWBC and CRP, in predicting PA. It has been demon-
strated thatWBC can bewithin normal limits in more than 20% of pedi-
atric patients with AA and that WBC is not adequately sensitive and
specific in the discrimination between the PA and NPA [29]; however,
CRP used solely or in combination with WBC is helpful in the discrimi-
nation between PA and NPA [29]. In line with the previous studies, our
data showed that elevated WBC and CRP levels evaluated together
with several clinical variables were associated with a risk of perforation
[30,31]. However, unlike Sack et al., who concluded that the identifica-
tion of children with PA is aided by measuring IL-6 and CRP but not
WBC [32], we did not use interleukin-6 (IL-6) for this purpose due to
its unavailability in our pediatric ED.

The classic AA symptoms include anorexia, migration of pain, nau-
sea, and vomiting [33]. The presence of fever with tachycardia is also a
common finding in AA. Some of the mentioned symptoms in AA were
especially emphasized by Rasmussen andHoffmann, noting that the ab-
sence of nausea, vomiting, and anorexia called into question AA's diag-
nosis [34]. Furthermore, sustained vomiting may occur due to
generalized peritonitis, while diarrhea may result from irritation of the



Table 2
Incidence of acute appendicitis and perforated appendicitis in various pediatric age groups.

Age groups All appendicitis Perforated appendicitis P-value

Age group, in years (%) 295 92 (31.2%)
<5 years 40 (13.6%) 20 (50%)

95% CI (33.8%, 66.2%)
<0.005

6–10 years 113 (38.3%) 27 (23.9%)
95% CI (16.7%, 33.4%)

11–16 years 142 (48.1%) 45 (31.7%)
95% CI (24.1%, 40.0%)

CI – Confidence interval.

Table 3
Univariate analysis of variables in non-perforated and perforated appendicitis.

Variable Total NPA PA P-value

Patients (n)1 295 203 (68.8%) 92 (31.2%) X4

Median age (years)1 10 (8–13) 10 (7–13.5) 10 (7–13) 0.3184

Age < 5 years 40 (13.5%) 20 (9.8%)
95% CI (2.8%, 9.8%)

20 (21.7%)
95% CI (8.6%, 24.2%)

0.1434

Male (n, %)1 172 (58.3%) 104 (51.2%)
95% CI (38.8%, 52.9%)

68 (73.9%)
95% CI (63.7%, 82.5%)

˂0.0013
Female (n, %)1 123 (41.7%) 99 (48.8%)

95% CI (47.1%, 61.2%)
24 (26.1%)
95% CI (17.5%, 36.3%)

X3

Nausea (n, %)1 56 (19%) 37 (18.2%)
95% CI (14.5%, 25.9%)

19 (20.7%)
95% CI (10.3%, 26.7%)

0.6333

Vomiting (n)1 118 (40%) 99 (48.8%)
95% CI (38.3%, 52.4%)

78 (84.8%)
95% CI (74.5%, 90.6%)

<0.0013

Diarrhea (n, %)1 37 (12.5%) 12 (5.9%)
95% CI (3.5%, 10.7%)

25 (27.2%)
95% CI (18.4%, 37.4%)

<0.0013

Fever (n, %)1 82 (27.8%) 33 (16.3%)
95% CI (11.5%, 22.1%)

49 (53.3%)
95% CI (42.6%, 63.7%)

<0.0013

Median leukocyte count (WBC) (x109/L) 14.9 (5.8) 13.8 (5.3) 17.5 (6.2) <0.001
Median C-reactive protein (CRP) level (mg/l)2 28.4 (9.2–69.1) 18.7 (6.7–40.4) 71.1 (36.4–120) <0.001

NPA – Non-perforated appendicitis; PA – Perforated appendicitis; CI – Confidence interval.
Data were analyzed using a Fisher test3 and Mann-Whitney U-test4.

1 Data are presented as numbers with the percentage between brackets.
2 Data are presented as median with the P25 and P75 between brackets.
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distal ileum. However, these symptoms are common inmany other dis-
eases. Either way, the diagnosis of AA is predominantly a clinical one. It
should be emphasized that signs and symptoms that presented with PA
vary between studies. In our study, several clinical variables, including
nausea, vomiting, diarrhea, and fever, along with readily available
serum inflammatory markers and some demographic characteristics,
can successfully distinguish PA fromNPA at the admission in emergency
department. These findings are in line with the previous studies [32].

Themain limitation of our study is its retrospective nature and a sin-
gle institution experience. Also, the duration of symptoms was not de-
fined precisely enough through the documentation used, so this
variable could not be included. Moreover, routine ultrasound
Table 4
Logistic regression model of factors that predicted perforated appendicitis. Regression co-
efficient and odds ratios for the male gender, vomiting, fever, diarrhea, WBC, and CRP
resulting from the logistic regression model are provided

Predictor⁎ Odds ratio (95% CI) Regression coefficient P-value

Male gender 3.133 (1.610–6.096) 1.142 0.001
Age < 5 years 2.807 (0.998–7.897) 1.032 0.051
Vomiting 2.346 (1.141–4.822) 0.823 0.020
Diarrhea 4.549 (1.850–11.181) 1.515 0.001
Fever 3.429 (1.765–6.663) 1.232 0.000
WBC 2.962 (1.491–5.884) 1.086 0.002
CRP 3.061 (1.267–7.396) 1.119 0.013

CI – Confidence interval; WBC – White blood cell count; CRP – C-reactive protein.
⁎ Significant variables are bolded.
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examination at the EDwas inconsistently used and reported, and there-
fore, it was excluded from the study. Furthermore, abdominal pain's lo-
calizationwas not analyzed concerning the appendix's position but was
recorded in general. Thus, the possibility of monitoring themigration of
pain, one of the characteristic clinical variables in patients with AA, was
omitted. In addition, ultrasound examination of AA was inconsistently
used and reported, and therefore, this essential variable was excluded
from the study and statistical analysis. The study's additional limitation
was the lack of registration of patients' prior visits to local clinics, mak-
ing the clinical variable “time between the onset of symptoms to the
presentation” to assess the real reason for the delayed diagnosis.

In conclusion, distinguishing PA fromNPA is crucial for the decision-
making process and surgical outcome. Several clinical and biochemical
variables evaluated together can be helpful to distinguish between PA
from NPA.
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