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ARTICLE INFO ABSTRACT

Article history:

Introduction: Appendicitis is the most common surgical disease evaluated by pediatric surgeons in the
emergency department. Despite the history, physical examination, laboratory tests and imaging methods,
the misdiagnosis may be observed often in children. Pentraxin-3 (PTX-3) is an acute phase protein which
is produced directly in the inflammatory tissue. Our aim was to investigate the diagnostic value of PTX-3
levels in appendicitis in pediatric patients and compare it with the other serum parameters.

Methods: Eighty-eight patients (aged <18 years) were included in this study [Group 1 (n=28) healthy
volunteers, Group 2 (n = 28) patients with non-specific abdominal pain, Group 3 (n = 34) patients under-
went appendectomy]. Serum white blood cell (WBC), absolute neutrophil count (ANC), neutrophil/lym-
phocyte ratio (NLR), C-reactive protein (CRP) and PTX-3 values were measured.

Results: Median serum levels of WBC were higher in Group 2 and 3 than Group 1. ANS, NLR, CRP and PTX-
3 were higher in Group 2 than Group 1 and were higher in Group 3 than the other groups. The highest
sensitivity was found in NLR >3.5 [94.1 (95% CI=80.3-99.3)] and PTX-3>5.6 ng/mL [91.8 (95%
Cl=76.3-98.1)]. PTX-3 has the highest specificity among all of the parameters [90.7 (95% CI=79.7-
96.9)]. The area under the ROC curve showed that the diagnostic value of PTX-3 was greater than any
other parameter [0.979 (95% CI = 0.92-0.99)].

Conclusion: In this study, we have shown that PTX-3 is very useful with high sensitivity and specificity in
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the diagnosis of appendicitis compared to WBC, ANS, NLR and CRP as a first in the literature.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

In pediatric patients, acute abdominal pain is a common com-
plaint upon presentation to the emergency department and pedi-
atric surgery department. In addition to completing a clinical
history and physical examination, laboratory studies and imaging
techniques are frequently used for the diagnosis, especially in chil-
dren, because distinguishing between appendicitis and the nonsur-
gical causes of abdominal pain is still a challenge. To overcome this
obstacle, researchers have been searching for new biomarkers that
may help with such a diagnosis.

The pentraxins are a group of multimeric proteins that are
responsible for the humoral innate immune response, and they

* Corresponding author at: Izmir Katip Celebi University, Dept. of Pediatric
Surgery, Katip Celebi Universitesi Tip Fakultesi Dekanligi Sekreterligi, Havaalani
Sosesi Cd. No: 33, 35620, Balatcik-Cigli, Izmir, Turkey.

E-mail address: mustafaonur.oztan@ikc.edu.tr (M.O. Oztan).

https://doi.org/10.1016/j.ajem.2019.01.010
0735-6757/© 2019 Elsevier Inc. All rights reserved.

are divided into long and short subgroups based on the length of
the N-terminal region [1]. Short pentraxins include the C-reactive
protein (CRP) and serum amyloid P component, which are primar-
ily expressed in the liver as responses to inflammation, infection,
and tissue damage. Pentraxin 3 (PTX-3) is the prototype of the long
pentraxin group [2], and it is synthesized locally at the site of
inflammation, by various cell types, including mesenchymal, mye-
loid, endothelial, and epithelial cells, in response to inflammatory
cytokines and microbial components [3]. Both CRP and PTX-3 exhi-
bit low plasma levels in healthy humans; however, their levels rise
rapidly in inflammatory situations, with CRP reaching its maxi-
mum peak at 48 h and PTX-3 in 6 h [4]. The more rapid increase
seen in PTX-3 is likely due to its local production by a number of
cells, as well as the release of the PTX-3 stored in specific granules
in the neutrophils [5]. Based on these features, PTX-3 is an effective
inflammatory biomarker used in the diagnosis of many different
diseases, such as coronary syndromes, respiratory system infec-
tions, sepsis, cancer, and pelvic inflammatory disease [3,6-8].
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In light of the abovementioned information, we planned to
investigate the value of PTX-3 in the diagnosis of appendicitis in
a pediatric population, and this is the first study to do so in the lit-
erature. Additionally, we aimed to determine whether this biomar-
ker was superior to any other biomarkers currently being used in
clinical practice, such as the complete blood count variables [white
blood cell (WBC) count, absolute neutrophil count (ANC), and neu-
trophil/lymphocyte (N/L) ratio] and the CRP level.

2. Methods
2.1. Patient variables

This prospective study was conducted in the pediatric surgery
department of our university after receiving approval from the
institution’s Human Interventional Ethics Committee (approval
number: 15022018/21). From February 2018 to July 2018, 88
patients <18 years old were consecutively included in this study.
Group 1 consisted of otherwise healthy volunteers who were
admitted to our clinic for outpatient surgery (n = 28). The patients
with abdominal pain were divided into two groups. One group was
made up of patients with nonspecific abdominal pain (NSAP) who
were observed for 24-48 h and discharged (Group 2, n = 28). Those
patients were contacted by phone 2 weeks after discharge in order
to make sure that appendicitis did not develop during the follow-
up period. The patients with obvious symptoms, like urinary tract
infections, gastroenteritis, and respiratory system infections, were
excluded from the study. Finally, the patients who underwent
appendectomies were included in Group 3 (n = 34). The exclusion
criteria for this group were as follows: pregnancy, prior surgery
for abdominal conditions, pelvic inflammatory disease, concomi-
tant ovarian pathologies, and chronic diseases.

2.2. Biochemical analyses

Upon admission to the clinic, 5 mL of blood was taken from
each patient, and the WBC, ANC, PTX-3, and CRP values were
obtained. The N/L ratio was calculated by dividing the absolute
number of neutrophils by the absolute lymphocyte number. The
blood samples were centrifuged for 5 min at 3000 rpm, and a vol-
ume of 2 cc of serum from each sample was separated into an
Eppendorf tube and stored at —80 °C for the PTX-3 evaluation.
After reaching a sufficient sample size, the PTX-3 levels of the
serum samples were tested simultaneously in the microbiology
laboratory of our university. This testing was conducted under
double-blind conditions using a microenzyme-linked immunosor-
bent assay (micro-ELISA), consistent with the quantitative stan-
dards based on the Human PTX-3 ELISA Kit (Boster Biological
Technology, Pleasanton, CA, USA) protocol. Finally, the samples
were measured using an ELx808 Absorbance Microplate Reader
(Bio Tek Instruments, Winooski, VT, USA) at a 450-nm wavelength.

2.3. Statistical analysis

The sample size was calculated using the G*Power 3.1 software
program (Heinrich Heine University Diisseldorf, Diisseldorf, Ger-
many). In a study of PTX-3 performed on adult patients, Aygun
et al. found that the median PTX-3 levels are 3.28 ng/mL in patients
with appendicitis and 0.97 ng/mL in patients without appendicitis
[9]. Using these values, we calculated a sample size of minimum 16
individuals needed to be included in each group for 95% power and
a 5% error level.

The data analysis was carried out using IBM SPSS Statistics for
Windows (version 21.0; IBM Corp., Armonk, NY, USA) and MedCalc
statistical software (version 15.0; MedCalc Software bvba, Ostend,

Belgium). The descriptive statistics were given as the number of
units (n), percentile (%), mean * standard deviation or median with
interquartile range. The normal distribution of the numerical vari-
ables was determined by using the Shapiro-Wilk normality test. If
the data complied with a normal distribution, the statistical differ-
ences between the groups were evaluated using the one-way anal-
ysis of variance and post hoc tests. If the data did not comply with a
normal distribution, the Kruskal-Wallis and Mann-Whitney U tests
were used. A p value of <0.05 was considered to be statistically
significant.

The cut-off values were obtained using a receiver operating
characteristic (ROC) analysis in order to differentiate between the
non-appendicitis and appendicitis groups. The clinical perfor-
mance parameters were defined with regard to the sensitivity,
specificity, and likelihood ratio.

3. Results

This study included 60 patients who were admitted to the pedi-
atric surgery department due to abdominal pain and 28 healthy
volunteers. The demographic information and the WBC, ANC, N/L
ratio, CRP, and PTX-3 values are shown in Table 1. The WBC serum
level medians were higher in Groups 2 and 3 than in Group 1. The
ANC, N/L ratio, CRP, and PTX-3 values were higher in Group 2 when
compared to Group 1, and they were higher in Group 3 when com-
pared to the other two groups. The distributions of all of the
parameters between the groups are shown in Figs. 1 and 2.

The N/L ratio at >3.5 and PTX-3 level at 5.6 ng/mL exhibited the
highest sensitivity, and the PTX-3 exhibited the highest specificity
among all of the parameters (Table 2). The area under the ROC
curve (AUC) showed that the diagnostic value of the PTX-3 was
greater than any of the other biochemical parameters
(AUC = 0.979) (Fig. 3).

4. Discussion

It is crucial to make the correct diagnosis of acute appendicitis
in order to prevent further complications, like perforations, as well
as to prevent unnecessary surgery. The diagnosis must be done
also promptly, because the perforation risk is increased in a linear
fashion with the duration of symptoms as stated in the study of
Narsule et al. [10]. Surgeons rely on the clinical history and phys-
ical examination; however, especially in young or uncooperative
children, the presumed diagnosis must be supported with addi-
tional laboratory tests or imaging modalities [11-13].

In this study, we investigated the role of PTX-3 in the diagnosis
of acute appendicitis in children. We found that PTX-3 was very
effective for distinguishing appendicitis with a high sensitivity
and specificity. It was also evident that PTX-3 was superior to all

Table 1
Descriptive analysis and comparison of the laboratory parameters in the three groups.

Parameters Group 1 (n=28) Group 2 (n=26) Group 3 (n=34)
Age (years) 10.00 12.00 10.00
[8.00-12.75] [9.75-14.00] [7.00-13.00]
Sex, male/female 247 (3.4:1) 12/14 (1:1.2)° 22/12 (1.8:1)
(ratio)
WBC (cells/pL) 7971 £1926 13,450 + 6070" 16,100 + 4332
ANC (cells/puL) 3882 +£1357 10,026 + 6299° 13,088 + 4304°
N/L ratio 1.47 £0.78 6.75 + 8.50° 11.87 £10.41°
CRP (mg/L) 0.88 + 0.68 17.41 +34.77° 42.09 + 15.80°
PTX-3 (ng/mL) 1.09 £ 0.97 4.07 £1.55° 12.82 + 4.96°

Values are expressed in mean + SD or median [interquartile ranges].
2 Different from Group 1 (p < 0.05).
b Different from Group 1 and Group 2 (p < 0.05).
¢ Different from Group 1 and Group 3 (p < 0.05).
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Fig. 1. Comparison of the serum WBC, ANC, N/L ratio, CRP levels between healthy controls (Group 1), non-specific abdominal pain (Group 2) and appendicitis patients

(Group 3). *=p<0.05.
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Fig. 2. Comparison of the serum PTX-3 levels between three groups. * = p < 0.05.

of the other markers used in clinical practice (i.e., WBC, ANC, N/L
ratio, and CRP values), with a high accuracy (AUC = 0.979).

The complete blood count is the most commonly ordered labo-
ratory test for children suspected of having appendicitis. The most
commonly used diagnostic scoring systems (the Alvarado score
and Pediatric Appendicitis Score) include an elevated WBC count
and left shift (neutrophil predominance, absolute neutrophil count
>75%) [14,15]. However, the WBC results are usually nonspecific,
because elevations may be seen in numerous infectious diseases
[16]. In our study, the WBC values of the healthy controls (Group
1) were lower than those in the other two groups, but there was
no difference between the group with nonspecific abdominal pain
and the appendicitis group. Kessler et al. reported a 69% elevation
in the WBC count of appendicitis patients and a 56% elevation in
non-appendicitis patients, with a sensitivity of 77% and a speci-
ficity of 63% at a level above 10,000 cells/uL [17]. In their study,
Allister et al. reported that the appendicitis patients had elevated
WBC values that were greater than those of the control subjects
(14,200 cells/pL vs. 10,600 cells/uL) [18]. Therefore, we believe
that the WBC count has a limited diagnostic utility for discriminat-
ing appendicitis in patients with right lower quadrant pain.
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Table 2

The sensitivity and specificity percent of the parameters in diagnosing acute appendicitis.

Parameters Sensitivity (95% CI) Specificity (95% CI) +LR (95% CI) —LR (95% CI) AUC (95% CI)

WBC > 12,700 85.3 (68.9-95.0) 79.6 (66.5-89.4) 419 (2.4-7.2) 0.18 (0.08-0.4) 0.806 (0.71-0.88)
ANC > 11,100 76.4 (58.8-89.3) 81.4 (68.6-90.7) 4.13 (2.3-7.4) 0.29 (0.2-0.5) 0.828 (0.73-0.90)
N/L ratio > 3.5 94.1 (80.3-99.3) 77.8 (64.4-88.0) 4.24 (2.6-7.0) 0.08 (0.02-0.3) 0.863 (0.77-0.93)
CRP > 5.0 82.4 (65.5-93.2) 81.5 (68.6-90.7) 4.45 (2.5-7.9) 0.22 (0.1-0.5) 0.853 (0.76-0.92)
PTX-3>5.6 91.8 (76.3-98.1) 90.7 (79.7-96.9) 9.85 (4.2-22.8) 0.10 (0.03-0.3) 0.979 (0.92-0.99)"

Abbreviations: +LR: Positive likelihood ratio, —LR: Negative likelihood ratio, Cl: Confidence interval, AUC: Area under curve [: different from other parameters, p < 0.001].

In the ANC values, there was a difference between the nonspeci-
fic abdominal pain group (Group 2) and the appendicitis group
(Group 3), which was also reported in the studies by Khan et al.
and Benito et al. [19,20]. In a study conducted by Fergusson
et al., a neutrophil count of >11,000 cells/mm? revealed a 59% sen-
sitivity and 88% specificity, while Kharbanda et al. found similar
results with 69% sensitivity and 75% specificity [21,22]. Our study
revealed similar percentages with regard to a moderate power of
discrimination between the appendicitis patients and those with
NSAP.

The diagnostic value of the N/L ratio has been investigated by
many researchers. Our study revealed a significant difference
between the three groups with regard to the N/L ratio, which is
in accordance with the results seen in the literature. In a former
study, we found a 90% sensitivity and an 88% specificity at a level
of >3.5 for the N/L ratio, which suggests that an N/L ratio of 3.5 may
be used as a diagnostic cut-off value for children with appendicitis
[23]. When investigating the N/L ratio, Nazik et al. found signifi-
cantly  higher wvalues in the appendicitis patients
(mean = 6.06 * 4.1) than in the control patients (mean = 1.24 + 0.8)
[24].

The CRP is the most characteristic and widely used acute phase
reactant in humans [25]. We found an increasingly high sensitivity
and specificity, reaching up to a mean of 15.80 mg/L in the appen-
dicitis group. Previously, sensitivities of 0.58-0.85 and specificities
of 0.33-0.82 were reported [26-29]. Mikaelsson et al. found that
children with a CRP level of 25 mg/L or higher were more likely
to have appendicitis, while Rodrigez-Sanjuan et al. found that chil-

100
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Fig. 3. ROC curves for WBC, ANC, N/L ratio, CRP and PTX-3 to discriminate
appendicitis from non-appendicitis.

dren with a CRP level >17 mg/L were more likely to have appen-
dicitis [28,30]. We found a CRP level of >15.80 mg/L in the
appendicitis group, which was consistent with these two articles.

PTX-3 was the first long pentraxin identified, and it is different
from the CRP in terms of producing cells and inducing signals. It is
made locally in response to inflammation, at the inflammation site.
Based on this feature, PTX-3 may be used as a novel diagnostic tool,
because it may directly reflect the tissue involvement of an inflam-
matory process better than the CRP [7]. An increase in the PTX-3
level has been well-described in many infectious diseases (e.g.,
pneumococcal infections, sepsis, pelvic inflammatory disease,
cholecystitis, and urinary tract infections) as well as inflammatory
diseases, like acute myocardial infections and preeclampsia
[6,8,31-35].

In our study, we found a significant difference between the
three groups, with higher PTX-3 levels in the appendicitis patients.
There is one study in the literature by Aygun et al. that investigated
the diagnostic value of PTX-3 in acute appendicitis in adults [9].
They found significant differences between the appendicitis group
(median=3.28 ng/mL) and both the NSAP group (med-
ian=1.31 ng/mL) and control group (median =0.97 ng/mL). Our
results were similar to those, but the PTX-3 value in the appendici-
tis group was higher (median = 12.60 ng/mL) in our study. Muller
et al. found that the serum PTX-3 levels were correlated with the
severity of the infection in critically ill patients [7]. Based on this
data, we can speculate that the usual delay associated with chil-
dren being admitted to the hospital was the reason for the higher
PTX-3 values in our study.

In order to evaluate the clinically discriminative capacities of
these biochemical parameters, we performed a ROC curve analysis.
We found that the AUC of the ROC analysis of the PTX-3 values was
higher when compared to the other parameters (p < 0.001). The
positive likelihood ratio was also high, which shows the power of
the true discrimination of appendicitis by the PTX-3 level. Hamed
et al. showed that the AUC of the PTX-3 values [IQR = 0.92 (0.87-
0.97)] was higher than those of the CRP values [0.82 (IQR = 0.72-
0.91)] and WBC values [0.59 (IQR = 0.46-0.72)] on the first day of
hospitalization in sepsis patients [36]. In their study, Aygun et al.
found a lower AUC for the PTX-3 values (AUC = 0.739) when com-
pared to the results of our study [9]. This finding may indicate that
the PTX-3 level is more sensitive in the pediatric population than in
adults with appendicitis.

Limitations of this study include the following: (a) This study is
a single-center study conducted in a tertiary hospital and has a rel-
atively small sample size, therefore it may not reflect the entire
population of patients with suspected appendicitis. (b) One group
consists of patients with “non-specific abdominal pain” instead
of patients with “abdominal pain”. However, we do not believe
that this situation affects the performance of this test because
our most important problem is to differentiate NSAP from appen-
dicitis in the current practice. NSAP is a diagnosis of exclusion
made by the clinician, who cannot diagnose an organic pathology.
If specific pathologies like gastroenteritis, urinary tract infection or
respiratory infection are diagnosed already, there will be no need
for complementary tests. (c) Period of time from the beginning of
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the complaints to blood draw is not investigated (disease progres-
sion bias). In the study of Wu et al., they showed that inflammatory
markers (WBC and CRP) may provide a favorable diagnostic value
at different time points in the diagnosis of appendicitis [37]. Also,
Benito et al. stated that the diagnostic performance of the tests
(WBC, CRP, ANC, procalcitonin, calprotectin, APPY1) was superior
in children in whom the onset of pain was >24h [19]. As we
showed that PTX-3 increases in patients with appendicitis, the cor-
relation of elevation of PTX-3 with time may be investigated also.

5. Conclusions

In this study, we showed that the PTX-3 levels were signifi-
cantly higher in the pediatric appendicitis patients than in the
abdominal pain and healthy patients, with a high accuracy. These
findings imply that a high PTX-3 level is a strong indicator of
appendicitis and may help distinguish children with appendicitis
from children with non-specific abdominal pain.

Further studies should be planned to investigate the timely
increase in the PTX-3 level with regard to its quick response to
inflammation in order to diagnose these patients faster, and to
monitor the clinical progression of suspected appendicitis patients.
Additionally, the differences between perforated and nonperfo-
rated appendicitis cases should also be investigated, with larger
patient numbers in each of the groups.
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