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ABSTRACT

Aim: The purpose of this study was to assess the prognostic power of preoperative laboratory biomarkers in pediatric age group individuals 
diagnosed with appendicitis in the emergency department in distinguishing complicated appendicitis from non-complicated appendicitis and 
in predicting postoperative outcomes.

Materials and Methods: The population of this descriptive, cross-sectional, retrospective study consisted of children (younger than 18 years 
of age) who applied to our hospital’s emergency department between January, 2020 and October, 2021 and underwent surgical intervention 
with a diagnosis of acute appendicitis. Preoperative laboratory test results, intraoperative surgical outcomes, lengths of hospital stay and 
postoperative complications data were recorded in the patient follow-up forms and analyzed.

Results: The intraoperative and pathological data revealed that 179 (37.8%) and 294 (62.1%) patients had complicated and non-complicated 
appendicitis, respectively. An analysis of the complete blood count results indicated that the C-reactive protein (CRP) level, and CRP-to-
albumin ratio (CAR), neutrophil count, leukocyte count, monocyte-to-lymphocyte ratio (MLR), and neutrophil-to-lymphocyte ratio (NLR) were 
significantly higher, whereas the sodium and albumin levels were significantly lower in those patients with complicated appendicitis than in 
those with non-complicated appendicitis. Among the parameters investigated, the NLR, CAR values, and the presence of hyponatremia were 
found to be significantly associated with the length of hospital stay and postoperative complication rates in those patients with complicated 
appendicitis.

Conclusion: The findings of our study show that leukocyte counts, neutrophil counts, NLR values, CRP, sodium, and direct bilirubin levels meas-
ured preoperatively in the emergency department can be used to identify pediatric patients with complicated appendicitis. In addition, MLR and 
CAR values, as new biomarkers, can provide guidance in emergency interventions and also predict postoperative outcomes.
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Introduction
The incidence of appendicitis is higher in developing 

and newly industrialized countries and in the 15-19 years 
old age range (1). Acute appendicitis, which is among the 
diagnoses to be considered in children admitted to the 
emergency department with abdominal pain, is the most 
common cause of emergency surgery in the child age group 

(2). The higher risk of complications such as gangrenous, 
necrotizing, or perforated appendicitis necessitates more 
prudence in the pediatric patient group, in patients under 
5 years of age in particular (3,4). Both the inability of 
the pediatric age group to describe their symptoms well 
enough and delays in admission and diagnosis due to 
the Coronavirus disease-2019 pandemic have led to an 
increase in the risk of perforation in recent years (5). Given 
that complicated appendicitis is associated with higher 
complication and morbidity rates than uncomplicated 
appendicitis, early operative intervention is required in the 
treatment of complicated appendicitis, especially in the 
presence of a perforation (6,7).

The literature data indicate that blood tests are routinely 
performed in children diagnosed with acute appendicitis, 
which include the measurement of markers which can be 
potentially used to predict complicated appendicitis. Among 
these markers are the leukocyte and neutrophil counts 
and the neutrophil-to-lymphocyte ratio (NLR), which are 
measured within the scope of the complete blood count, 
and C-reactive protein (CRP) levels (8-10). In recent years, it 
has been reported that hyponatremia, CRP-to-albumin ratio 
(CAR) and monocyte-to-lymphocyte ratio (MLR) can also 
be used as markers for complicated appendicitis in children 
(11-14). There are numerous studies in the literature on new 
biomarkers, yet only a limited number of these studies 
address pediatric patients or the relationship between these 
biomarkers and postoperative outcomes.

In this context, the aim of this study was to assess 
the prognostic power of those parameters measured 
preoperatively within the scope of the hemogram and 
biochemistry tests in pediatric age group individuals 
diagnosed with appendicitis in the emergency department 
in distinguishing complicated appendicitis from non-
complicated appendicitis and in predicting postoperative 
outcomes.

Material and Methods
This study was designed as a descriptive, cross-sectional, 

retrospective study. The study protocol was approved by 
University of Health Sciences Turkey, Dr. Behçet Uz Child 

Disease and Surgery Training and Research Hospital, Clinical 
Research Ethics Committee (decision no: 621, date: October 
10th, 2021).

The study population consisted of patients younger 
than 18 who applied to the emergency department between 
January, 2020 and October, 2021 and who underwent 
surgical intervention at the pediatric surgery clinic with a 
diagnosis of acute appendicitis based on biochemical tests 
and ultrasonographic findings. Between January, 2020 and 
October, 2021, 491 of the 1,091 patients admitted to the 
pediatric surgery clinic with a diagnosis of acute abdomen 
were operated on for acute appendicitis.

Patients who underwent emergency appendectomy 
were taken to the ward after staying in the pediatric surgery 
intensive care unit for 6-8 hours. Those with metabolic, 
endocrine and hematological diseases and those who used 
drugs were excluded from this study because these can be a 
determinant in biochemical and hematological parameters. 
Those patients with metabolic and endocrine diseases, 
those categorized as class IV based on the American 
Society of Anesthesiologists (ASA) scores and negative 
appendectomies (n=30, 6%) were excluded from this study. 
A total of 473 patients were included in this study.

The patients were divided into two groups based on their 
histopathological data as the complicated (gangrenous, 
perforated) and the non-complicated (phlegmonous) 
appendicitis groups. The demographic characteristics of the 
children such as gender, age, weight, clinical characteristics 
such as ASA scores, laboratory test results of venous 
blood samples taken during admission to the emergency 
department, length of hospital stay, and postoperative 
wound infection, abscess development, coagulation 
disorders, and transfusion data were obtained from the 
files and automation system of the patients and recorded in 
their patient follow-up forms.

Statistical Analysis

The descriptive statistics obtained from the research 
data were tabulated as mean ± standard deviation 
values in cases of continuous variables determined to 
conform to the normal distribution, as median, maximum 
and minimum values in cases of continuous variables 
determined not to conform to the normal distribution, and 
as numbers and percentage values in cases of categorical 
variables. The normal distribution characteristics of the 
numerical variables were analyzed with Anderson-Darling, 
Kolmogorov-Smirnov and Shapiro-Wilk tests.
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In comparisons of two independent groups, the 
independent samples t-test was used in cases of numerical 
variables which conformed to the normal distribution, and 
the Mann-Whitney U test was used in cases of numerical 
variables which did not conform to the normal distribution. 
In comparisons of differences between categorical variables 
according to groups, Pearson’s chi-squared test, Fisher’s 
exact test and Fisher-Freeman-Halton test were used.

Univariate and multiple logistic regression analyses 
were used to determine those variables which can predict 
complicated appendicitis. Those variables with a p-value of 
less than 0.250 were further analyzed with a multivariate 
model.

The prognostic powers of the NLR, MLR, and CAR 
variables in differentiating complicated acute appendicitis 
from non-complicated appendicitis were analyzed using 
receiver operating characteristic (ROC) curve analysis. 
The optimal cut-off values of the variables which can be 
used to predict complicated appendicitis were determined 
with Youden’s index using the DeLong method in MedCalc 
Statistical Software Trial version software, along with 95% 
confidence interval (CI) and area under the curve (AUC) 
values.

All other statistical analyses were performed using the 
Jamovi version 2.2.5.0 (The Jamovi Project, 2021) and JASP 
version 0.16.1 (JASP Team, 2022) software packages. The 
probability (p) statistics of ≤0.05 were deemed to indicate 
statistical significance.

Results
The mean age of the 473 patients who were admitted 

to the emergency department and diagnosed with acute 
appendicitis and who underwent surgical procedure by the 
pediatric surgery clinic, of whom 151 (31.9%) were female, 
and 322 (68.1%) were male, was 10.1±3.7 years. The rate of 
the patients with a body mass index score of ≥30 (obese) 
was 12.9%. Based on the histopathological data, it was 
determined that 179 (37.8%) patients had complicated and 
294 (62.1%) had non-complicated appendicitis (Table I).

There were significant differences between the groups 
in terms of the preoperative laboratory test results of 
the patients (Table II). Accordingly, neutrophil counts 
(p<0.001), leukocyte counts (p<0.001), NLR (p=0.021), 
CRP levels (p<0.001) and CAR values (p<0.001) were 
significantly higher, whereas lymphocyte percentage and 
hemoglobin and serum sodium and albumin levels were 
significantly lower in those patients with complicated 
appendicitis compared to those with non-complicated 
appendicitis.

The mean length of hospital stay of the pediatric 
patients was 3 days (minimum 2 days-maximum 39 days). 
The rate of complication development in the postoperative 
period was 9.9%. Among patients with complicated and 
non-complicated appendicitis, with regards to operation 
time, length of hospital stay, wound infection, abscess 
development, coagulation disorders, and the need for 
transfusion, no significant difference was observed.

Table I. Demographic and clinical characteristics of patients

 
 

Total
(n=473)

Groups

p-valueComplicated 
appendicitis

(n=179)

Non-complicated 
appendicitis

(n=294)

Age (years) 10.1±3.7 9.3±3.8 10.5±3.6 <0.001†

Gender

Male 322 (68.1%) 119 (66.5%) 203 (69.0%) 0.632*

Female 151 (31.9%) 60 (33.5%) 91 (31.0%)  

Weight (kg) 39.8±17.2 36.0±16.1 42.2±17.4 <0.001†

Obesity 61 (12.9%) 20 (11.2%) 41 (13.9%) 0.465*

ASA score

I 362 (76.5%) 142 (79.3%) 220 (74.8%) 0.172*

II 100 (21.1%) 31 (17.3%) 69 (23.5%)

III 11 (2.3%) 6 (3.4%) 5 (1.7%)  

Descriptive statistical values are mean ± SD or number of cases (%).
*: Pearson chi-squared, Fisher’s Exact or Fisher-Freeman-Halton test, †: Independent Samples t-test
ASA: American Society of Anesthesiologists
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Table II. Comparison laboratory parameters according to groups

Groups
p-value

  Complicated appendicitis 
(n=179)

Non-complicated appendicitis
(n=294)

WBC count (X109/L) 17,633.0±5,569.2 15,374.7±4,948.0 <0.001*

Neutrophil count (X109/L) 14.3±5.2 12.4±4.9 <0.001‡

Neutrophils % 81.9 [29.4-92.6] 81.3 [30.7-94.2] 0.663*

Lymphocyte count 1.7 [0.5-5.2] 1.7 [0.4-5.3] 0.555*

Lymphocyte % 9.8 [2.9-44.5] 11.2 [2.7-57.5] 0.008*

Neutrophil/Lymphocyte ratio 8.2 [1.1-30.4] 7.3 [0.5-35.0] 0.021*

Monocyte/Lymphocyte ratio 0.1 [0.0-1.0] 0.1 [0.0-1.0] <0.001*

Hemoglobin (g/dL) 12.8±1.1 13.1±1.3 0.021‡

Hematocrit (%) 37.8±2.9 38.3±3.4 0.070‡

Platelet count (X109/L) 314.0±81.8 306.1±76.2 0.298‡

PDW (fL) 10.2 [7.6-68.3] 10.5 [7.5-66.8] 0.149*

MPV (fL) 9.4 [7.1-12.9] 9.5 [6.8-13.1] 0.869*

MPV/Platelet ratio 0.0 [0.0-0.1] 0.0 [0.0-0.1] 0.352*

Procalcitonin 0.3 [0.1-0.6] 0.3 [0.1-0.5] 0.520*

Glucose (mg/dL) 105.0 [55.0-264.0] 105.0 [44.0-162.0] 0.582*

Sodium (mEq/L) 136.0 [126.0-143.0] 138.0 [129.0-144.0] <0.001*

Potassium (mEq/L) 4.1 [3.1-5.4] 4.2 [3.4-5.5] 0.056*

Chloride (mEq/L) 102.0 [86.0-110.0] 104.0 [94.0-111.0] <0.001*

Calcium (mEq/L) 9.4 [8.0-10.4] 9.4 [7.7-10.7] 0.462*

Protein (mg/dL) 7.1 [4.9-8.2] 7.2 [5.6-8.6] 0.016*

Albumin (mg/dL) 4.3 [2.7-5.2] 4.6 [3.0-5.4] <0.001*

BUN (mg/dL) 9.7 [3.3-45.3] 10.0 [2.5-35.0] 0.508*

Creatinine (mg/dL) 0.6 [0.4-1.1] 0.6 [0.5-1.0] 0.104*

Alanine aminotransferase (IU/L) 12.0 [5.0-60.0] 14.0 [5.0-381.0] 0.001*

Aspartate aminotransferase (IU/L) 19.0 [8.0-58.0] 20.0 [7.0-210.0] 0.061*

Total bilirubin (mg/dL) 0.7 [0.2-3.5] 0.6 [0.1-3.3] 0.003*

Direct bilirubin (mg/dL) 0.3 [0.1-2.1] 0.3 [0.1-1.3] <0.001*

CRP (mg/dL) 7.9 [0.2-32.4] 1.4 [0.1-33.0] <0.001*

CRP/Albumin ratio 1.8 [0.0-12.0] 0.3 [0.0-7.7] <0.001*

Prothrombin time (min) 14.4 [11.1-23.4] 14.0 [11.3-26.5] 0.065*

INR 1.3 [1.0-2.0] 1.2 [1.0-2.3] 0.072*

Activated partial thromboplastin time (min) 30.3±3.6 30.4±3.4 0.709‡

Descriptive statistical values are mean ± SD or number of cases (%). Number values in square brackets are minimum and maximum values.
*: Mann-Whitney U test.
†: Pearson Chi-Squared, Fisher’s Exact or Fisher-Freeman-Halton test.
‡: Independent Samples t-test.
WBC: White blood cell count, PDW: Platelet distribution width, MPV: Mean platelet volume, BUN: Blood urea nitrogen, CRP: C-reactive protein, 
INR: International Normalized Ratio, SD: Standard deviation
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The results of the univariate logistic regression analysis 
indicated that age, leukocyte and neutrophil counts, MLR 
and CAR values, sodium, direct bilirubin, hemoglobin, and 
CRP levels were significantly correlated with complicated 
appendicitis (p<0.05). Further analysis of these variables 
with multivariate logistic regression analysis revealed 
that leukocyte count [odds ratio (OR): 1.01, 95% CI: 1.01-
1.02, p=0.005], CAR value (OR: 0.64, 95% CI: 0.54-0.77, 
p<0.001), and sodium levels (OR: 1.22, 95% CI: 1.11-1.35, 
p<0.001) were independent risk factors for complicated 
appendicitis (Table III).

The diagnostic value of these variables in predicting 
complicated appendicitis was analyzed using ROC 

analysis. Accordingly, it was determined that NLR values 
of >6.52, MLR values of >0.09, and CAR values of >1.12 
predicted the presence of complicated acute appendicitis 
(Table IV). Among these variables, CAR values of >1.12 had 
the highest AUC value and predicted complicated acute 
appendicitis with a specificity of 79.25% and a sensitivity 
of 66.48% (AUC=0.789, 95% CI: 0.749-0.825, p<0.001) 
(Figure 1). In addition to NLR values of >6.52, and CAR 
values of >1.12, serum sodium levels of ≤135 were found to 
be significantly associated with increased postoperative 
complication rates and prolonged lengths of hospital stay 
(Table V).

Table III. Regression analysis for variables of clinical and statistical significance for the prediction of complicated appendicitis

Univariate logistic regression Multivariate logistic regression

  OR [95% CI] p-value OR [95% CI] p-value

Age 1.10 [1.04-1.16] <0.001 1.05 [0.98-1.13] 0.148

Hemoglobin 1.19 [1.02-1.39] 0.028 1.01 [0.81-1.25] 0.961

WBC count 1.01 [1-01-1-02] <0.001 1.01 [1-01-1-02] 0.005

Neutrophil count 0.93 [0.89-0.96] <0.001 - -

NLR 0.98 [0.95-1.01] 0.121 1.03 [0.98-1.09] 0.225

MLR 0.03 [0-01-0.16] <0.001 0.39 [0.01-10.69] 0.578

Sodium 1.39 [1.28-1.51] <0.001 1.22 [1.11-1.35] <0.001

Direct bilirubin 0.11 [0.03-0.37] <0.001 0.26 [0.05-1.25] 0.092

CRP 0.85 [0.82-0.88] <0.001 - -

CRP/Albumin 0.51 [0.43-0.60] <0.001 0.64 [0.54-0.77] <0.001

OR: Odds ratio, CI: Confidence interval, CRP: C-reactive protein, WBC: White blood cell count, NLR: Neutrophil-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte 
ratio

Table IV. ROC curve analysis results of some parameters for the prediction of complicated appendicitis

  AUC Sensitivity Specificity Cut-off values 95% CI p-value

NLR 0.563 66.48 45.92 >6.52 0.517-0.608 0.018

MLR 0.659 67.04 58.84 >0.09 0.615-0.702 <0.001

CRP/Albumin ratio 0.789 66.48 79.25 >1.12 0.749-0.825 <0.001

Area under the ROC curve, CI: Confidence interval, ROC: Receiver operating characteristic, AUC: Area under the curve, NLR: Neutrophil-to-lymphocyte ratio, MLR: 
Monocyte-to-lymphocyte ratio, CRP: C-reactive protein
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Discussion
Among the variables investigated within the scope of 

this study, age, leukocyte counts and neutrophil counts 
were previously suggested as predictors for complicated 
appendicitis in pediatric patients (3,4). However, the findings 
of this descriptive, cross-sectional study indicated that 
complicated appendicitis was more common in younger 
age groups and that the rate of complicated appendicitis 
was significantly higher among acute appendicitis patients 
with higher leukocyte and neutrophil counts, NLR, CRP, CAR 
values, and lower sodium levels. Therefore, in addition to 
the commonly proposed predictors of age, leukocyte counts 
and neutrophil counts, the aforementioned parameters 

were determined as additional potential biomarkers of 
complicated appendicitis in the pediatric age group.

MLR, which has recently been started to be used in 
children, is an inflammatory marker associated with 
gastrointestinal and lymphoid pathologies. Hence, it has 
been suggested that the appendix, a lymphoid tissue 
located in the gastrointestinal tract, may be associated 
with MLR (15,16). As a matter of fact, there is evidence 
suggesting that MLR can be used in the diagnosis of 
pediatric acute appendicitis (17). Accordingly, it has been 
reported that MLR may be an independent predictor for 
complicated appendicitis. In parallel, given that increased 
monocyte expression is distinctive for complicated 
appendicitis, high MLR values have been indicated as a risk 
factor for complicated appendicitis (13).

CRP is an acute phase reactant mainly synthesized in 
liver hepatocytes. It is elevated in areas of infection or 
inflammation, and it plays an essential role in inflammation 
processes (18). CRP increase is associated with appendicitis 
complications such as perforation or appendix abscesses 
(19). CAR is a new prognostic parameter associated with 
the severity of inflammation. In this context, it was reported 
that CAR ≥1.39 might predict complicated appendicitis (20).

Stimuli such as hypovolemia, pain, nausea, vomiting 
and sequestration into the third space cause the release 
of non-osmotic vasopressin (ADH) from the posterior 
pituitary gland. Reabsorption of water by ADH binding 
to vasopressin-2 receptors in the kidney results in 
hyponatremia (21,22). In addition, cytokines such as IL-6 
and IL-1β are associated with inflammatory conditions by 
taking a role in non-osmotic ADH secretion have been 
found to cause hyponatremia (21). Hyponatremia, which 
was determined to be significantly related to the level of 
inflammation in children, was also found to be associated 
with intra-abdominal sepsis, perforated appendicitis and 
perforated diverticulitis (23). Although the etiology of 
hyponatremia in appendicitis is still not clearly defined, 
it is thought that the processes mentioned above may be 
effective (24). 

There are also studies which provided evidence on 
the use of hyponatremia as a predictor for complicated 
appendicitis. In a few of these studies, Pham et al. (4), 
Lindestam et al. (11), and Besli et al. (25) reported that sodium 
values of ≤135 mmol/L, ≤136 mmol/L, and ≤138 mmol/L, 
respectively, might predict complicated appendicitis. In 
a retrospective study including 1,283 pediatric patients, 
Walsh et al. (26) reported that serum sodium values of 

Figure 1. ROC curve analysis of NLR, MLR and CRP/Albumin ratio in the 
prediction of complicated acute appendicitis
ROC: Receiver operating characteristic, NLR: Neutrophil-to-lymphocyte 
ratio, MLR: Monocyte-to-lymphocyte ratio, CRP: C-reactive protein

Table V. Relationship of ROC curve results with postoperative 
outcomes in the prediction of complicated acute appendicitis

  NLR 
>6.52 p-value CRP/Albumin 

ratio >1.12 p-value

ICU stay 
(days) 1.24±1.17 <0.013 1.29±0.95 <0.014

Hospital stay 
(days) 5.09±4.62 <0.01 6.34±4.75 <0.01

Complication 
rate (%) 12.90 0.005 19.44 <0.01

ROC: Receiver operating characteristic, NLR: Neutrophil-to-lymphocyte ratio, 
CRP: C-reactive protein, ICU: Intensive care unit
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<135 mmol/L predicted complicated appendicitis with a 
specificity of 95.7% and thus concluded that hyponatremia 
may be a distinctive indicator of complicated appendicitis. 
All these studies reveal the strong relationship between 
hyponatremia and complicated appendicitis in children. 
Similarly, serum sodium levels of ≤135 mmol/L significantly 
predicted complicated appendicitis in this study.

The relationship between complicated appendicitis 
and bilirubin levels is not as clear as with leukocytosis, 
CRP, and hyponatremia. Some studies reported that 
increased total serum bilirubin levels could be used as an 
indicator of perforated appendicitis in children, whereas 
others, e.g., Yang et al. (12), could not detect a significant 
relationship between perforated appendicitis and bilirubin 
levels (27). In fact, Bonadio et al. (28) stated that serum 
total bilirubin levels could not correctly distinguish those 
children with perforated appendicitis from those diagnosed 
with appendicitis. In contrast, our results of univariate 
logistic regression analysis reveal a significant correlation 
between direct bilirubin levels and the risk for complicated 
appendicitis.

Studies have shown that preoperative laboratory test 
results can be used to predict postoperative outcomes. 
With respect to this, it was reported that preoperative CRP 
values of >10 mg/dL predicted prolonged postoperative 
lengths of hospital stay, and preoperative NLR >10.5 and 
hyponatremia predicted the development of a postoperative 
intra-abdominal abscess in pediatric patients operated on 
for acute appendicitis (29-34). In addition, preoperative 
leukocyte counts and CRP levels have been reported as 
risk factors for postoperative adhesive bowel obstruction 
in children operated on for complicated appendicitis (35). 
It has also been reported that mean platelet volume and 
NLR can be used as biomarkers in order to reduce negative 
appendectomy rates (8). Furthermore, in an analysis of 
35,291 pediatric patients who underwent appendectomy, 
hyponatremia was found to be significantly correlated with 
prolonged lengths of hospital stay and 30-day postoperative 
mortality risks (36). Additionally, NLR >6.52, CAR >1.12, and 
serum sodium levels of ≤135 mmol/L were found to be 
significantly correlated with prolonged lengths of hospital 
stay and postoperative complication rates in this study.

Ischemia-modified albumin (IMA), a marker used for 
the early detection of ischemia, has also been used in the 
diagnosis of pediatric appendicitis in recent studies. It was 
observed that the level of IMA, a protein, was higher in the 
complicated appendicitis group than in the control group 
(37,38). Pentraxin 3 (PTX3), which is an acute phase reactant, 

is another marker which can be used in the diagnosis of 
pediatric appendicitis. CRP blood values ​​rise within 48 hours 
of the onset of inflammation, while PTX3 blood values ​​rise 
within hours. Therefore, it is thought that PTX3 seems to be 
a more valuable marker (38). However, studies on IMA and 
PTX3 are few in the pediatric age group, and more studies 
are needed before they can be used as biomarkers.

Complicated appendicitis is reportedly more common 
in children and it is associated with higher morbidity and 
reoperation rates and longer lengths of hospital stay 
(3,4,6). The benefits of early appendectomy in pediatric 
perforated appendicitis cases include reduced morbidity 
and complication rates, shortened recovery times, 
reduced parental stress, and lower hospital costs (39). 
In a multicenter study conducted with pediatric non-
perforated appendicitis cases, it was determined that each 
additional hour spent in an emergency department triage 
until appendectomy increased the perforation risk by 2%. 
Furthermore, it was stated that a delay of 12 hours would 
increase the perforation risk by approximately 25% (40). 
For this reason, it is vital to identify those children at risk 
of complicated appendicitis as early as possible, to make 
timely decisions about further examination and treatment, 
to improve perioperative care, and to take precautions by 
predicting any complications which may develop. In this 
way, the length of hospital stay can be shortened, and 
the related hospital costs can be reduced. In this respect, 
it is crucial to determine the biomarkers included in the 
laboratory tests which are the most easily accessible and 
the simple diagnostic tools used in the emergency room, 
the place where the patient is first intervened (9).

Study Limitations

Our study is a single-center study conducted only with 
pediatric patients. Its retrospective design and the number of 
patients are the limitations of this study. Another limitation 
of our study was the inability to exclude the presence of an 
undiagnosed inflammatory disease in the patients.

Conclusion
It is important to distinguish between complicated and 

non-complicated appendicitis early in children diagnosed 
with appendicitis in order to conduct further examinations 
and plan early treatment. Hence, there is a need for suitable 
biomarkers which can be measured simply and inexpensively 
within the scope of routine laboratory tests. Increased 
diagnostic efficiency in emergency departments will have 
positive effects on hospital costs as well. In addition to 
preoperatively measured neutrophil counts, leukocyte 
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counts, MLR, CAR values, CRP, sodium, and direct bilirubin 
levels may also be used as new biomarkers in predicting 
the risks of complicated appendicitis. Preoperative NLR, 
MLR, and CAR values may also provide information on 
postoperative outcomes.
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