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Abstract

Acute appendicitis (AA) is among the most common immediate surgical operations in children for all age groups. To determine whether complete blood count 
(CBC) criteria may be used to help physicians differentiate between AA and other causes of abdominal pain in patients who visit the emergency room. The data of 
116 patients with abdominal pain who were brought into the emergency room and hospitalized between January 20 and December 21 were analyzed retrospectively. 
The CBC parameters of 53 patients diagnosed with AA (Group 1) and 63 patients who received non-AA medical treatment (Group 2) were compared. In addition, 
receiver operating characteristic (ROC) curve analyses were performed to determine the sensitivity and specificity of these parameters at the optimum cutoff values.
The M/F ratio of the patients was 36/17 in Group 1 and 40/23 in Group 2. White blood cell (WBC), neutrophil and neutrophil-to-lymphocyte ratio (NLR) values 
were noticeably higher in AA patients than in patients receiving medical treatment (p<001). According to the 9.84 cutoff value of WBC, the sensitivity value was 
84.1%, and the specificity was 73.6, for neutrophils, the sensitivity was 87.3% and the specificity was 62.3% (4.81 cutoffs), while 2.19 NLR showed a sensitivity of 
74.6% and specificity of 56.6%, with a cutoff value of 2.19.We believe that the values of CBC parameters such as WBC, neutrophil and NLR should still be considered 
when treating various patient groups and making a differential diagnosis.
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Introduction

The phrase “acute abdomen” refers to a nontraumatic condition 
in which abdominal pain is the major symptom, which can 
occur suddenly and requires immediate surgical intervention 
[1]. One of the most frequent reasons for pediatric intra-
abdominal surgery is acute appendicitis (AA). Although its 
features and treatments were defined more than 100 years ago, 
appendicitis is still a surgical emergency with the highest rate 
of misdiagnosis [2]. AA in young patients is still difficult to 
diagnose clinically. Delayed diagnosis of AA increases the risk 

of serious and advanced complications such as perforation [3]. 
Physicians and parents may find it challenging to understand 
the nonspecific nature of the symptoms (irritability, loss of 
appetite, and lethargy) of appendicitis, resulting in a high rate 
of false positives. Misdiagnosis rates for AA are usually 70% in 
children under the age of three, 19-57% in preschoolers, 12-28% 
in school-age children, and up to 15% in adolescents [2,3]. An 
important consideration in acute appendicitis is timely diagnosis 
to prevent development of complications, requiring the need to 
perform an appendectomy. Although there has been a significant 
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decrease in acute appendicitis deaths in recent years, there has 
been no decrease in perforation rates or negative appendectomies 
despite advances in technology and diagnostic methods [4,5]. 
The diagnosis of AA includes a combination of physical findings, 
laboratory findings and imaging studies. [6]

C-reactive protein (CRP), white blood cell count (WBC), 
erythrocyte sedimentation rate (ESR), and body temperature 
have nonspecific and variable reliability in distinguishing acute 
bacterial inflammation from other inflammation types [7]. 
Recent systemic inflammatory markers include the neutrophil-
to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio 
(PLR), which have come to the forefront as effective, easy, and 
inexpensive methods for reducing negative appendectomy rates 
[8,9].

The present study examined differences in biochemical markers 
such as WBC, neutrophil and NLR between children admitted 
with abdominal pain, patients who underwent surgery, and 
patients who recovered with medical treatment with a diagnosis 
of AA. 

Material and Methods

The data of 116 patients admitted to the Hisar Intercontinental 
Hospital Pediatric Surgery Clinic with abdominal pain and 
hospitalized between January 2020 and December 2021 were 
analyzed retrospectively. The patients were divided into two 
groups, namely, received medical treatment group (Group 1) 
and diagnosed with acute appendicitis group (Group 2). Blood 
samples were obtained from all research participants at admission 
or before surgery; WBC, neutrophil, lymphocyte, immature 

granulocyte (IG), NLR, red blood cell (RBC), erythrocyte 
distribution width (RDW), hemoglobin (Hb), mean corpuscular 
hemoglobin concentration (MCHC), platelet (PLT), and mean 
platelet volume (MPV) values were studied on Sysmex XN 1000 
(Sysmex Corp. Japan).

Inclusion criteria: Children aged 0-17 years admitted with acute 
abdomen who received inpatient treatment. 

Exclusion criteria: Those with underlying comorbidities, those 
who had previously undergone an appendectomy, and those with 
trauma history in etiology. 

Hisar Intercontinental Hospital's Clinical Research Ethics 
Committee gave their approval to this study (28.02.2022/22-21).

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) for 
Windows, version 25.0 (IBM Corp.: Armonk, NY) was used 
for all analyses. The differences between the data of the patient 
groups were examined using the Independent Samples Test 
(Student's T-test). In addition, optimal cut-off values, sensitivity, 
and specificity values were determined using receiver operating 
characteristic (ROC) curve analysis. Data is presented as mean 
values and SD. Statistical significance value was set at p 0.05.

Results

The study included 116 patients . The M/F rate of the patients 
was 36/17 for Group 1 and 40/23 for Group 2. The mean age of 
the patients in Group 1 was 6.90±4.42 and 8.12±3.67 in Group 
2, with no significant difference between the groups (p=0.107) 
(Table 1, Figure 1). 

Table 1. General characteristics and laboratory data of patients included in the study

Group I
(abdominal pain)

(N=53)

Group II 
(acute appendicitis) (N=63) p

Gender (M/F) 36/17 40/23

Age (years) 6.90±4.42 8.12±3.67 0.107

WBC (103/µL) 8.98±3.08 14.12±4.43 0.000*

Neutrophil (103/µL) 5.04±3.24 9.88±4.80 0.000*

Lymphocyte (103/µL) 2.89±1.58 2.60±1.53 0.334

NLR 2.76±3.02 6.55±7.01 0.000*

IG (103/µL) 0.047±0.08 0.043±0.07 0.762

RBC (106/µL) 4.49±0.37 4.47±0.35 0.632

Hb (g/dL) 11.85±2.47 12.21±1.18 0.308

MCHC(g/dL) 33.50±3.18 33.68±2.96 0.746

RDW (fL) 12.41±1.52 12.46±1.41 0.853

PLT (103/µL) 304.90±94.51 289.22±98.65 0.387

MPV (fL) 9.55±1.08 9.86±1.80 0.274

NLR: neutrophil-to-lymphocyte ratio, IG: immature granulocyte, * p<0.001
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Figure 1. Box plots of white cell count (WBC), neutrophil, and lymphocyte 
counts (103/µL) as well as Neutrophil-to-Lymphocyte Ratio (NLR) in patient 
groups

Patients who were admitted with acute abdomen and received 
medical treatment comprised Group 1 (n=53), while patients 
who were diagnosed with acute appendicitis and underwent 
appendectomies comprised Group 2 (n=63). 

There was no significant difference between Group 1 and Group 
2 patients in terms of IG, RBC, Hb, MCHC, RDW, PLT, or MPV 
values (P>0.05). However, there was a significant difference 
in terms of WBC, neutrophils, lymphocytes, and NLR values 
(p<0.001) (Table 1).

WBC and neutrophil counts were found to be valuable parameters 
for acute appendicitis in the ROC curve analysis, with area 
under the curve (AUC) values of 0.852 and 0.808, respectively 
(p<001). While the AUC value of lymphocytes was low, NLR 
neutrophil can be considered a marker due to its AUC value of 
0.726 (Table 2, Figure 2).

Table 2. Optimal cut-off values, AUC, sensitivity and specificity values 

Sensitivity % Specificity % Cut-off value AUC p

WBC 103/µL 84.1 73.6 9.84 0.852 0.000*

Neutrophil 103/µL 87.3 62.3 4.81 0.808 0.000*

Lymphocyte 103/µL 45.3 61.9 2.71 0.449 0.343

NLR 74.6 56.6 2.19 0.726 0.000*

AUC: area under the ROC curve, NLR: neutrophil-to-lymphocyte ratio, *p<0.001

Figure 2. Receiver Operating Characteristics (ROC) analysis of white cell count 
(WBC), Neutrophil, Lymphocyte and Neutrophil-to-Lymphocyte Ratio (NLR)

Discussion

Acute appendicitis in young patients is still difficult to diagnose 
clinically. Delayed diagnosis of AA increases the risk of serious 
and advanced complications such as perforation [3,10]. According 
to reports, individuals who have had appendicectomies and have 
symptoms that continue longer than 24 hours are more likely to 
develop severe appendicitis. Therefore, there is a growing need 
to research easy and affordable biochemical test conditions that 
can aid in diagnosis [11].

Due to the increase in the rate of perforation caused by delays 
in diagnosis, research on early diagnosis continues as well. In 
medical practice, the WBC count is commonly used to diagnose 
AA. An increase in WBC values is correlated with how severe 
AA is, but it is not absolute and is not reliable in predicting the 
extent of the disease [12]. In the current research, the WBC 
values of the AA group were significantly higher than those of 
the medical treatment group (p=0.000). This is consistent with 
the literature.

The WBC, MPV, RDW, NLR and PLR are known to reflect 
inflammatory processes. Some studies have shown that these 
inflammatory markers are valuable [13]. WBC and neutrophil 
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values are often high in AA [14]. The NLR, PLR, and systemic 
immune-inflammation index (SII) are biomarkers calculated 
from complete blood count (CBC) and each has reportedly been 
found to be helpful in the diagnosis, follow-up, and examination 
of numerous inflammatory processes throughout the body [15]. 

The WBC and neutrophil counts were observed to be significantly 
higher in the AA group in the current study. Furthermore, WBC 
was found to be useful for AA in the ROC curve analysis, with 
AUC values of 0.852. 

Acute appendicitis diagnosis and appendiceal perforation 
prediction have both been achieved by using NLR values [9].

In a study by Markar et al. [16], the diagnostic value of NLR 
was more significant than that of WBC in 1117 pediatric patients 
who underwent appendectomies. In the present study, neutrophil 
values were more significant. Additionally, the NLR in the AA 
group was also discovered to be considerably greater. While 
the AUC value for lymphocytes was low, the NLR could be 
considered a marker due to its AUC value of 0.726.

High WBC and NLR values alone are insufficient to safely and 
adequately confirm or exclude the diagnosis of AA. 

While MPV increases in many chronic diseases, it decreases 
in many acute diseases [17,18]. MPV was found to be lower 
in patients with acute appendicitis than in controls in a study 
looking at the connection between acute appendicitis and MPV 
in children [3]. The present study found no significant difference 
between the two groups in terms of MPV.

In a study investigating biochemical markers in the diagnosis of 
acute appendicitis in pregnant patients, neutrophil count, WBC 
and PLR were found to be the most valuable inflammatory 
parameters, while RDW, lymphocyte count and MPV levels 
were not valuable markers in terms of sensitivity and specificity 
[19]. Another study examining the effectiveness of hemogram 
parameters in the differential diagnosis of acute appendicitis and 
renal colic in the emergency department suggested that PLR and 
NLR values could be used in the differential diagnosis of renal 
colic in the acute period [20].

The present research had some limitations. Its nature of being a 
retrospective, two-year and single-center study can be attributed 
to the limited number of patients. The effect of time within the 
parameters could not be examined because patients were not 
asked when their pain began nor was this information recorded. 
Furthermore, imaging methods or pathological findings were not 
included in the study.

Conclusions

In conclusion, in our study, high WBC, NLR and neutrophil values 
can be some of the basic parameters that can be used to distinguish 
patients with AA from those receiving medical treatment. In 
this study, we examined the differences in biochemical markers 
between children presenting with abdominal pain, patients who 
underwent surgery and patients who were diagnosed with AA 
and recovered with medical treatment. Further research is needed 
on this subject.
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