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Background: Acute appendicitis (AA) is the most frequent cause of acute abdomen and diagnosis can be difficult in
paediatric patients. Our purpose was to examine the initially checked inflammatory markers of paediatric patients
operated with a diagnosis of acute appendicitis and to find out the significance of these markers in diagnosis.
Materials and Methods: The study was conducted in a paediatric hospital with patients younger than 18 years of
age diagnosed with acute abdomen between May 2017 and December 2018. Patients’ inflammatory markers at the
time of diagnosis were examined. They were grouped in two as patients who were operated with a diagnosis of AA
(Group A) and patients who had abdominal pain but who were clinically followed without operation (Group B).
Results: 103 children diagnosed with acute abdomen were included in our study. 71.8% of the patients were male,
while 28.2% were female. Average age of the patients was 9.7+3.4 years. Twenty-four patients had suspicious
laboratory and radiological examinations (USG or CT) with abdominal pain were clinically followed and discharged
without operation.79 patients were operated. In the comparison of inflammatory markers of patients in Group A
and Group B, statistically significant difference was found between WBC, neutrophil count, neutrophil/lymphocyte
ratio(NLR), platelet/ lymphocyte ratio (PLR) and CRP (p<0.05).

Conclusion: WBC, neutrophil count, NLR, PNR and CRP values, which are examined in complete blood count, are
easily accessible and quickly assessable methods that can be used in the diagnosis of AA patients.
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Introduction

Acute appendicitis (AA) is the most frequent
cause of acute abdomen among pathologies,
which cause abdominal pain in all age

parameters and clinical experience play a
significant role. Despite these, due to increasing
malpractice cases and in order to decrease
negative appendectomy rates, physicians make

groups (1). The diagnosis of AA can be difficult
in pediatric patients since it gives atypical
symptoms with a rate of 1/3 (2). In making the
diagnosis of AA patients, anamnesis, physical
examination, increases in blood inflammation

more detailed examinations to distinguish these
from other surgical pathologies, and they need
additional examinations. Although radiological
imaging techniques such as ultrasound (USG)
and computerized tomography (CT) are used,
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New Biomarkers for Acute Appendicitis

negative pathology results can be seen in 10-
30% of the patients operated (3-5). Perforation
can develop as a result of late diagnosis of
appendicitis and peritonitis, abscess, sepsis, and
ileus can be seen as a result of this (2). For this
reason, new researches are needed to prevent
complications that may develop as a result of
late diagnosis and to decrease morbidity and
mortality rates. For this purpose, studies have
been conducted which show the association
between  hematologic and  biochemical
parameters which are indicators of acute
inflammation such as C-reactive protein (CRP),
white blood cell count (WBC), Procalsitonin,
Pentraxin-3 and AA (3,6,7).

In the study, our purpose was to examine the
initially checked hemogram (complete blood
count) parameters and CRP values of pediatric
patients operated with a diagnosis of acute
appendicitis and to find out the significance of
these parameters and values in diagnosis.

Materials and Methods

The study was conducted in a tertiary pediatric
hospital, which had annually 100.000 patient
referrals through a retrospective examination
of data after local ethical board approval
(Approval number:2019/08) was taken. Patients
younger than 18 years of age diagnosed with
acute abdomen diagnosis whose information
was reached from file and automation records
between May 2017 and December 2018 were
included in the study. All blood samples were
taken by the venous blood system and
collected into ethylene diamine tetraacetic acid
tubes. Patients’ hemogram parameters and
biochemical tests at the time of diagnosis and
their post-surgery pathology results were
examined retrospectively. Patients who were
found to have missing data, those who did not
have post-surgery pathology results, those who
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had registered hematological disease, those
who were receiving chemotherapy and those
who were found to use drugs like steroid which
affects blood parameters were not included
in the study. Complete blood count device (ABX
Pentra DX 120) was used for the measurement
of blood parameters. White cell count x10%/uL
(WBQ), neutrophil x10%/uL (NEU), lymphocyte
x10%/Ul (LYM), platelet x10%/uL(PLT), red blood
cell width (RDW,%), mean platelet volume
(MPV), platelet distribution width (PDW),
neutrophil/lymphocyte ratio (NLR), platelet/
lymphocyte ratio (PLR), platelet/neutrophil ratio
(PNR), platelet distribution width/red blood
cell width ratio (PDW/RDW) and CRP values of
the patients examined in the study.

The patients were divided into two groups.
Hemogram, CRP, and radiological imaging
(USG and CT) were ordered for patients who
referred with a complaint of abdominal
pain, and those who had acute abdominal
symptoms. The patients whose tests were
compatible with appendicitis were operated.
These patients were called Group A. Patients
who had right lower quadrant pain in
examination results, those who had a suspected
acute abdomen, those who did not have
high leukocytosis and/or CRP in laboratory
examinations, those in whose USG or CT
appendix was not visualized were followed and
these patients who were not operated were
called Group B.

A statistical package program was used
for statistical analysis. Descriptive analysis of
assessment results was given as numbers and
percentage for categorical variables and as
mean, standard deviation, min and maximum
for numerical variables. Kolmogorov Smirnov
test was used to test normality distribution.
T-Test was used in normally distributed

Ulutas Med J 2019;5(2):149-154



New Biomarkers for Acute Appendicitis

parameters for all group comparisons, while
Mann Whitney-U Test was used for parameters
without normal distribution. Significance level
was accepted as p<0,05.

Results

One hundred three patients diagnosed with
acute abdomen younger than 18 years of age
whose data were reached between May 2017
and December 2018 were included in our
study. 71.8% of the patients were male, while
28.2% were female. The average age of the
patients was 9.7+3.4 years (min:2 and max:17).
Twenty-four of the patients who had suspicious
laboratory and radiological examinations (USG
or CT) with abdominal pain were clinically
followed and discharged without operation.
Seventy-nine patients were operated, and AA
symptoms were found in surgical pathology
results.
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In 13 of the patients who were operated,
perforated appendicitis symptoms were found.
While WBC value of the patients diagnosed with
acute abdomen was 13.6+4.7x10%/ul, mean
neutrophil count was 10.6+4.6x10%/uL, mean
lymphocyte count was 1.9+0.8x10%/ul, mean
platelet count was 294.1+81.5x10%/ul, mean
RDW value was 14.4+2, mean MPV value was
8.7+1.7 fL, mean PDW value was 12.6+3.7 fL,
mean PLR was 187.1+97.2, mean PNR was
34.3+20.4, mean PDW/RDW was 20.8+6.1, and
mean CRP was 3.9+5.7. In the comparison of
hemogram parameters and CRP values of the
patients in Group A and Group B, a statistically
significant difference was found between WBC,
neutrophil count, NLR, PNR and CRP values,
p<0.05. No statistically significant difference
was found between the other parameters,
p>0.05 (Table-1).

Table-1. Comparison of biomarker averages of patient groups

Parameters (Mi;unng)
WBC x10%/uL 14,5+4,7
Notrofil count x10%/ul 11,6+4,5
Lenfosit count x10%/ul 1,8+0,8
Platelet count x10%/ul 294,2+789
RDW, % 14,1+1,9
MPV fL 8,8+1,7
PDW fL 12,24+3,54
PNR 29,8+154
NLR 8,3+6,2
PLR 194,5+98,6
PDW/RDW 21,16
CRP mg/dL 4,4+6,3

(M(;;l:iSD) PRI
10,8+3,8 0,001
7,6+3,6 <0,001
2,1+0,9 0,108

293,5+91,4 0,969
1542,1 0,057
8,2+1,5 0,146
13,8444 0,064

48,8+27,2 0,003
4,5+3,8 0,005

162,9+90,1 0,164
19,746,2 0,326
2,2+1,8 0,008

Abbreviations. NLR: Neutrophil Lymphocyte Ratio, PLR: Platelet Lymphocyte Ratio, PNR: Platelet Neutrophil Ratio, RDW: Red Cell
Distribution Width, PDW: Platelet Distribution Width, MPV: Mean Platelet Volume, CRP: C-Reactive Protein
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When acute and perforated appendicitis were
compared, while no statistically significant
difference was found between hemogram
parameters WBC, neutrophil count, lymphocyte
count, NLR and PNR values (p>0.05), a
statistically significant difference was found in
CRP values (p<0.05).

Discussion

Appendicitis is a pathology characterized by
the inflammation of appendix vermiformis.
Although its etiology is not known for sure, it
frequently occurs with obstruction of appendix
lumen (8). In children whose typical symptoms
have not started, atypical abdominal pain
referrals cause AA diagnosis to be excluded. AA
is an acute abdomen pathology the occurrence
possibility of which is higher in male children
after the age of 10 (9-11). The patient
population in our study is in parallel with the
literature.

Finding suitable, easily accessible, and low-
cost markers for the early diagnosis of diseases
is generally the focus of interest for researchers.
Because of the increase in morbidity and
mortality caused by delays in diagnosis in
patients who refer to emergency services
for abdominal pain, a significant number of
biochemical diagnostic tests that can be used
for early diagnosis have been researched. The
complete  blood count is the primary
examination, which can be easily accessed and
quickly assessed in the emergency service.
Parameters dependent on each other within
the complete blood count such as leukocyte,
neutrophil, lymphocyte, NLR, PDW, PLR, PNR
have been examined in a high number of
studies as inflammatory markers. The focus of
studies conducted in recent years is the
determination of suitable threshold values for

152

Yalcin et al.

these parameters and the sensitivity and
specificity of different threshold values (12).

WBC, neutrophil, RDW, and NLR function as
an inflammatory marker. These inflammatory
markers have been tested in a significant
number of studies, and their diagnostic value
has been increasing each day (13, 14). A high
number of inflammatory marker studies have
been conducted about AA, and such studies
are continuing to be conducted today.

Recently, NLR, which is a parameter, has begun

to be studied more, and it is a better marker
alone for acute appendicitis when compared
with CRP, leukocyte, and neutrophil (15, 16).
Different threshold values and different
performances have been found as a result of
these studies. We grouped our patients into
two as patients who were hospitalized in a
condition of abdominal pain and operated for
appendicitis (Group A) and those who were
discharged after confirming that they did not
have any sign of appendicitis (Group B). We
think examining the hemogram parameters,
and CRP changes in these groups are
more valuable in the definitive diagnosis of
appendicitis. In our study, although statistically
significant difference was found between WBC,
neutrophil count, NLR, PNR and CRP of patients
who were operated for AA and those who were
not operated and clinically followed (p<0.05),
no statistically significant difference was found
between lymphocyte count, RDW, MPV, PLR
and PDW/RDW of these patients (p>0.05). This
may be useful in differential diagnosis of AA.

In a study, Tanrikulu et al. found that WBC,
MPW, RDW values, and neutrophil rates
of patients operated for appendicitis were
significantly higher than the control (17,18). In
this study, they concluded that in suspected
cases, both MPW and RDW were essential
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parameters in terms of AA diagnosis (18). In
another study, MPV and RDW values and mean
platelet count showed no significant difference
between operated and healthy groups (19). In
parallel with literature, we found in our study
that WBC count, neutrophil count, CRP, PNR,
NLR values were statistically significant between
the two groups. However, we could not find a
statistically significant difference between MPW
and RDW values.

In AA studies conducted with inflammatory
markers, the standard prediction is that it is vital
to assess anamnesis, physical examination,
and inflammatory markers together. However,
despite all these, radiological imaging should
be performed and if the results are speculative,
clinical follow should be performed in order
not to leave out the diagnosis especially in
atypical cases, to prevent mortality rates from
increasing, to decrease negative laparotomy
rates and to prevent malpractice cases.

As a conclusion, WBC, neutrophil count, NLR,
PNR, and CRP values, which are examined in
blood samples, are easily accessible and quickly
assessable methods that can be used in the
diagnosis of AA patients. However, we believe
that these parameters alone are not definitive
to make AA diagnosis. A good anamnesis,
physical examination, suitable radiological
imaging following complete blood count and in
case of suspected results, hospitalization and
clinical follow up are necessary to decrease
morbidity and mortality rate as a result of late
diagnosis.

Conflict of Interests
None of the authors has a conflict of interest
with the present article.

153

Yalcin et al.

References

1. Mentes O, Eryilmaz M, Yigit T, Tasa S., Balkan M., Kozak O.
ve ark. 60 yas Ustl apandektomili olgularimizin retrospektif
analizi. JAEM 2008;7:36-41

2. Sara¢ M, Bakal U, Tartar T, Kazez A. Apandisitlerin perfore
olmasinda hekimlerin rold. Firat Med J 2014;19: 126-29

3. Mengucuk ME, Ayten R, Bulbuller N, Godekmerdan A,
Basbug M, Mungan 1. The place of serum C-reactive protein,
procalcitonin, and neopterin in the diagnosis of acute
appendicitis. Firat Medical Journal 2010;15:40-3

4. Gokce AH, Aren A, Gokce FS, Dursun N, Barut AY. Reliability
of ultrasonography for diagnosing acute appendicitis. Ulus
Travma Acil Cerrahi Derg 2011;17:19-22

5. Binnebosel M, Otto J, Stumpf M, Mahnken AH, Gassler N,
Schumpelick V, et al. Acute appendicitis. Modern
diagnostics-surgical ultrasound. Chirurg 2009;80:579-87

6. Demircan A, Aygencel G, Karamercan M, Ergin M, Yilmaz TU,
Karamercan A. The evaluation of ultrasonographic findings
and white blood cell count in patients who underwent
laparotomy with the diagnosis of acute appendicitis. Ulus
Travma Acil Cerrahi Derg 2010;16:248-52

7. Aygun A, Katipoglu B, Imamoglu M, Demir S, Yadigaroglu
M, Tatli O, et al. Diagnostic Value of Plasma Pentraxin-3 in
Acute Appendicitis. J Invest Surg. 2017;11:1-6

8. Sevim Y, Namdaroglu OB, Akpinar MY, Ertem AG. Akut
Apandisitte  Notrofil  Lenfosit  Oraninin - Tanisal  Degeri.
Sakaryamj 2014;4:78-81

9. Yildiz T., Bozdag Z., Erkorkmaz U., Emre A, Turgut T, llce Z.
Analysis of risk factors for the development of pediatric
appendicitis. Ulus Travma Acil Cerr Derg 2013;19:554-8

10.Sulu B, Gunerhan Y, Palanci Y, Isler B, Caglayan K.
Epidemiological and demographic features of appendicitis
and influences of several environmental factors. Ulus Travma
Acil Cerrahi Derg 2010;16:38-42

11. Al-Omran M, Mamdani M, Mcleod RS. Epidemiologic
features of acute appendicitis in Ontario, Canada. Can J Surg
2003;46:263-8

12 Kapa M, Tarkdogan KA, Duman A, Avcil M, Gulen B, Ugurlu
Y et al. Biomarkers in the diagnosis of acute appendicitis. J
Clin Exp Invest.2014;5:250-5

13.Peng W, Li C, Wen TF, Yan LN, Li B, Wang WT, et al.
Neutrophil to lymphocyte ratio changes predict small
hepatocellular carcinoma survival. JSurg Res 2014;192:402-8

14. Bhat T, Teli S, Rijal J, Bhat H, Raza M, Khoueiry G, et al.
Neutrophil to lymphocyte ratio and cardiovascular diseases:
a review. Expert Rev Cardiovasc Ther 2013;11:55-9

15.Markar SR, Karthikesalingam A, Falzon A, Kan Y. The
diagnostic value of neutrophil: lymphocyte ratio in adults
with  suspected acute appendicitis. Acta Chir Belg
2010;110:543-7

Ulutas Med J 2019;5(2):149-154


https://www.ncbi.nlm.nih.gov/pubmed/?term=Aygun%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katipoglu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%8Fmamoglu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Demir%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yadigaroglu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yadigaroglu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tatli%20O%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yurtsever%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29020470
https://www.ncbi.nlm.nih.gov/pubmed/29020470

New Biomarkers for Acute Appendicitis

16.Goodman DA, Goodman CB, Monk JS. Use of the
neutrophil:lymphocyte ratio in the diagnosis of appendicitis.
Am Surg 1995,61:257-9

17.Tanrikulu CS, Tanrikulu Y, Sabuncuoglu MZ, Karamercan MA,
Akkapulu N, Coskun F. Mean platelet volume and red cell
distribution width as a diagnostic marker in acute
appendicitis. Iran Red Crescent Med J 2014,;16:10211

18.Acar E, Ozcan O, Deliktas H, Beydilli H, Kirli I, Alatas OD et al.
Laboratory markers has many valuable parameters in the
discrimination between acute appendicitis and renal colic.
Ulus Travma Acil Cerrahi Derg. 2016 22:17-22

19.Cinar H, Aygun A, Derebey M, Tarim IA, Akaln C,
Buyukakincak S, Erzurumlu K. Ulus Travma Acil Cerrahi Derg.
2018 24 (5) :423-8

How to cite?

Yalcin O, Aygun A, Erturk EY. Assessment of New
Biomarkers Used in the Diagnosis of Acute
Appendicitis in Children. Ulutas Med J.2019;5(2):
149-154

DO 10.5455/um;j.20190227010808

154

Yalcin et al.

Ulutas Med J 2019;5(2):149-154


https://www.ncbi.nlm.nih.gov/pubmed/?term=Acar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27135073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Delikta%C5%9F%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27135073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beydilli%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27135073
https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C4%B1rl%C4%B1%20%C4%B0%5BAuthor%5D&cauthor=true&cauthor_uid=27135073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alata%C5%9F%20%C3%96D%5BAuthor%5D&cauthor=true&cauthor_uid=27135073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laboratory+markers+has+many+valuable+parameters+in+the+discrimination+between+acute+appendicitis+and+renal+colic

	Introduction
	Materials and Methods
	Results
	Discussion
	Conflict of Interests
	References
	How to cite?

