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Abstract. – OBJECTIVE: Acute appendicitis 
(AA) is one of the most common surgical emer-
gencies and causes of acute abdominal pain in 
the pediatric population. However, it can be dif-
ficult to diagnose in children. We aimed to pro-
vide updated evidence on the diagnostic utility 
of the neutrophil-to-lymphocyte ratio (NLR) for 
AA, along with other conventional biomarkers, 
in pediatric patients.

MATERIALS AND METHODS: We searched 
the PubMed, Embase, Cochrane Library, and 
Web of Science databases for eligible articles 
published up to May 16, 2021.

RESULTS: We included 19 studies compris-
ing a total of 5,974 pediatric cases. The over-
all sensitivity and specificity of the NLR were 
0.82 (95% confidence interval [CI]: 0.79-0.85) 
and 0.76 (95% CI: 0.69-0.81), respectively. The 
overall diagnostic odds ratio was 14.34 (95% CI: 
9.05-22.73). The area under the summary receiv-
er operating characteristic curve was 0.86 (95% 
CI: 0.83-0.89). The pooled sensitivity and spec-
ificity of other biomarkers were as follows: 0.79 
(95% CI: 0.71-0.86) and 0.66 (95% CI: 0.54-0.77) 
for the white blood cell count, 0.73 (95% CI: 0.69-
0.77) and 0.68 (95% CI: 0.55-0.79) for the C-re-
active protein level, 0.75 (95% CI: 0.65-0.82) and 
0.78 (95% CI: 0.72-0.83) for the absolute neutro-
phil count, and 0.83 (95% CI: 0.79-0.87) and 0.68 
(95% CI: 0.53-0.80) for the neutrophil percent-
age, respectively.

CONCLUSIONS: The NLR has moderate pre-
dictive power for AA and can be used as a sim-
ple, auxiliary tool for diagnosis. NLR can also 
help clinicians decide whether to perform imag-
ing testing when the clinical symptoms or phys-
ical examination findings are vague. 

Key Words:
Adolescent, Appendicitis, Biomarkers, Child, diag-

nosis, Meta-analysis. 

Introduction

Acute appendicitis (AA) is an acute, suppura-
tive, and inflammatory process of the appendix1,2. 
AA is one of the most common surgical emer-
gencies and causes of acute abdominal pain in 
the pediatric population3-5. In the United States 
of America, 250,000 cases occur annually6, and 
the most affected age group is 10-19 years6,7. 
Early and rapid diagnosis is needed for AA be-
cause the rate of appendix rupture increases with 
time7. However, diagnosis is difficult at the initial 
assessment, particularly in children8, since up 
to 50% of pediatric AA cases present with non-
specific symptoms8. Moreover, young children 
are unable to fully describe the pain, rendering 
accurate history taking and physical examination 
more difficult than in adults8,9. In addition, there 
are many other differential diagnoses, depending 
on age9. 

In this respect, several diagnostic tools have 
been developed to support the clinical diagnosis 
of AA. Abdominal and pelvic computed tomog-
raphy (CT) is the imaging modality of choice for 
diagnosis, but the risks associated with radiation 
exposure from CT is a concern in pediatric pa-
tients7,10. Therefore, the use of ultrasound (US) is 
increasing in children7. However, the accuracy of 
US is operator dependent8. Due to the varied sen-
sitivities and high specificities of US, clinicians 
can diagnose AA from positive US findings, but 
negative US findings cannot rule out AA (sensi-
tivity, 71-94% and specificity, 81-98%)8,11. More-
over, some pediatric patients need to be sedated 
for imaging studies, and the reported sedation 
failure rate is up to 20%12,13.
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In contrast, laboratory tests are relatively 
simple and useful auxiliary modalities for the 
diagnosis of AA, particularly in resource-limit-
ed settings. To date, the utility of conventional 
inflammatory biomarkers (such as the white 
blood cell count [WBC], absolute neutrophil 
count [ANC], and C-reactive protein [CRP]) 
with secondary parameters from routine com-
plete blood count (CBC) tests (such as the neu-
trophil-to-lymphocyte ratio [NLR], mean plate-
let volume [MPV], and platelet-to-lymphocyte 
ratio [PLR]) in diagnosing AA has been stud-
ied14-16. In a recent systematic review, Hajiban-
deh et al17 reported that the NLR demonstrated 
high performance in the diagnosis of AA. How-
ever, their study missed a number of pediatric 
studies, even though AA is more common in 
the pediatric age group than in adults6,7. Addi-
tionally, a pooled analysis has not been under-
taken to evaluate the diagnostic performance of 
the NLR for pediatric AA. Therefore, we aimed 
to provide updated evidence on the diagnostic 
accuracy of the NLR, along with other conven-
tional biomarkers, in pediatric AA.

Materials and Methods

The methods and results of this review are 
presented according to the Preferred Reporting 
Items for Systematic reviews and Meta-Analyses 
(PRISMA) statement18. 

Data Search 
We searched the PubMed, EMBASE, Co-

chrane Library, and Web of Science electronic 
databases on May 16, 2021, using the follow-
ing terms: (“acute appendicitis”) AND (“neu-
trophil-to-lymphocyte ratio” OR “neutrophil to 
lymphocyte ratio”) AND (“infant” OR “child” 
OR “adolescent” OR “pediatric”). We limited the 
articles to those published in English, without any 
date restrictions. Furthermore, we hand searched 
Google Scholar to identify additional suitable 
studies. 

Eligibility Criteria, Study Selection, and 
Data Extraction

Two authors (SE and SHY) independently 
assessed the retrieved studies for eligibility. 
Studies eligible for inclusion in the current 
analysis were as follows: studies assessing the 
diagnostic performance of NLR for AA in pe-
diatric patients (≤19 years of age), studies using 

histopathologic findings as reference standards 
for AA, and studies with sufficient data to 
construct two-by-two contingency tables. Adult 
studies, reviews, editorials, letters, expert opin-
ions, and in vitro and in vivo experiments were 
excluded. Studies that did not report pediatric 
patient results separately from those of adult 
patients were also excluded. Any disagreement 
between the reviewers’ assessments was arbi-
trated through discussion. 

The following information was extracted: au-
thor names; publication year; country of origin; 
study period; age of study participants; inclusion 
and exclusion criteria; sample size; cutoff value 
of the NLR and other biomarkers, if available; 
reference standard; and the true positive, false 
positive, true negative, and false negative values. 
If the articles provided insufficient data, we at-
tempted to contact the corresponding authors via 
email to obtain more information. If the studies 
presented results from multiple groups with suf-
ficient data to construct two-by-two contingency 
tables, each group was treated as an individual 
study.

Assessment of Methodological Quality
The methodological quality of the selected 

studies was independently assessed using the 
Quality Assessment of Diagnostic Accuracy 
Studies-219 by two reviewers (SE and SHY). Any 
discrepancies were arbitrated by discussion.

Statistical Analysis
The pooled sensitivity, specificity, positive 

likelihood ratio (+LR), negative likelihood ratio 
(-LR), diagnostic odds ratio (DOR), and corre-
sponding 95% confidence intervals (CIs) of the 
NLR and other conventional biomarkers were 
calculated from the extracted data. We also cal-
culated the area under the summary receiver op-
erating characteristic (SROC) curve to obtain the 
overall test accuracy. Heterogeneity was assessed 
from the forest plots of the studies’ estimates 
using Cochran’s Q test (p<0.05, significant) and 
the I2 statistic (I2 >50%, significant) with 95% 
CIs. We performed a subgroup analysis and uni-
variate meta-regression analysis in the presence 
of significant heterogeneity, using the following 
as covariates: publication year (≤2016 vs. >2016), 
country (Turkey vs. other country), sample size 
(≤250 vs. >250), and cutoff value (≤3.7 vs. >3.7).

Deeks’ funnel plot was used to detect publica-
tion bias, with p<0.1 indicating the presence of 
publication bias. Statistical analyses were con-
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ducted using STATA version 17.0 (StataCorp, 
College Station, TX, USA) with the MIDAS and 
Metandi module. p-values of <0.05 were consid-
ered statistically significant.

Results

Study Selection and Characteristics of 
the Included Studies

The search yielded 216 results. After removing 
the duplicates, the remaining 179 abstracts were 
screened, and 42 articles were included in the 
full-text review. Of these, 28 studies were exclud-
ed for the following reasons: 9 had insufficient 
data to construct a two-by-two contingency table, 
3 were unrelated to NLR or AA, 2 did not demon-
strate a clear reference standard for AA, and 14 
included adult patients. Therefore, 14 studies 
were included in our qualitative assessment. Be-
cause two studies presented seven sets of results 
from different cutoff values or different patients 
with controls, each set of results was treated as a 
separate study. Finally, 19 articles9,14-16,20-29 com-
prising 5,974 cases were included in the quantita-
tive analyses (Figure 1). 

The included studies were published between 
2010 and 2021 and conducted in seven coun-
tries: Australia (n=1)25, Bosnia and Herzegovina 
(n=1)24, Greece (n=1)22, Indonesia (n=1)26, Mongo-
lia (n=1)27, Serbia (n=2)23, and Turkey9,14-16,20,21,28,29 
(n=12). Participants ranged in age from 0 to 19 
years. All studies used histopathologic findings as 
the reference standard for AA. However, the defi-
nition of control groups (non-appendicitis [non-
AA] groups) was heterogeneous: they were de-
fined by histopathology in 6 studies (31.6%)21,23,27-

29, and by clinical follow-up or healthy controls in 
13 studies (68.4%)9,14-16,20,22,24-26. The NLR cutoff 
value for AA detection ranged from 2.5 to 6.14. 
The detailed characteristics of the included stud-
ies are listed in Table I.

Methodological Quality
Figure 2 illustrates the quality assessment of 

the included studies. Regarding the patient selec-
tion domain, 68.4% of the studies were scored as 
having a “high” risk of bias because the authors 
did not state the methods used for patient enroll-
ment (whether consecutive or random) or did not 
exclude patients with hematologic abnormalities 
(which can affect the CBC results). Regarding 
the index test domain, all studies had a low risk 
of bias because the NLR can be automatically 

determined when the CBC results are obtained. 
In the reference standard domain, all studies had 
an “unclear” risk of bias because they did not 
state whether the pathologists were blinded to 
the results of the NLR. In the flow and timing 
domain, most studies (78.9%) had a “high” risk 
of bias because the disease status of their control 
groups was not defined by the same reference 
standards as that of the patient groups. Regarding 
applicability, all studies had a low risk of bias in 
all three domains.

Diagnostic Performance of 
the NLR for AA

The sensitivities and specificities of the in-
cluded studies ranged from 0.63 to 0.91 and 0.57 
to 0.95, respectively (Figure 3). The overall sen-
sitivity and specificity were 0.82 (95% CI: 0.79-
0.85) and 0.76 (95% CI: 0.69-0.81), respectively. 
The summary +LR and -LR were 3.37 (95% CI: 
2.56-4.43) and 0.24 (95% CI: 0.19-0.29), respec-
tively. The DOR was 14.34 (95% CI: 9.05-22.73). 
The area under the SROC curve was 0.86 (95% 
CI: 0.83-0.89) (Figure 4). Substantial heteroge-

Figure 1. Flow diagram of the study selection process.
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Table I. Characteristics of the included studies.

	 Study id	 Country	 Study period	 Age (range)	 Patients	 Controls	 NLR cutoff	 Reference standard	 Sample size (n)

2010 Yazici - a14	 Turkey	 1994-2007	 3-16 years	 AA	 NAP	 3.00	 Histopathology	 240
2010 Yazici - b14	 Turkey	 1994-2007	 3-16 years	 AA	 NAP	 3.50	 Histopathology	 240
2010 Yazici - c14	 Turkey	 1994-2007	 3-16 years	 AA	 NAP	 4.00	 Histopathology	 240
2010 Yazici - d14	 Turkey	 1994-2007	 3-16 years	 AA	 NAP	 4.50	 Histopathology	 240
2010 Yazici - e14	 Turkey	 1994-2007	 3-16 years	 AA	 NAP	 5.00	 Histopathology	 240
2015 Ertürk15	 Turkey	 Jan 2010-Dec 2010	 1-17 years	 AA	 Other group*	 2.96	 Histopathology	 562
2017 Bekdas20	 Turkey	 2008-2014	 7 months-17 years	 AA	 NAP	 5.00	 Histopathology	 498
2017 Yilmaz21	 Turkey	 Jan 1, 2012-Dec 31, 2013	 < 18 years	 AA	 NAG	 3.50	 Histopathology	 658
2018 Kostakis22	 Greece	 Over a period of	 6-13 years	 AA	 Healthy children	 2.50	 Histopathology	 224
		  94 months
2018 Stanković - a23	 Serbia	 May-Nov 2015	 3-16 years	 UAA	 NEAA	 5.06	 Histopathology	   72
2018 Stanković - b23	 Serbia	 May-Nov 2015	 3-16 years	 IAA	 NEAA	 6.14	 Histopathology	 129
2019 Greer25	 Australia	 In the year 2017	 2-15 years	 AA	 NAP	 3.66	 Histopathology	 546
2019 Prasetya26	 Indonesia	 Jan 2013-Dec 2017	 < 18 years	 AA	 Intussusception 	 2.87	 Histopathology	 170
2019 Tuncer16	 Turkey	 Jan 1, 2014-Dec 31, 2016	 NA†	 AA	 FMF + ML	 3.50	 Histopathology	 301
2020 Chuluun27	 Mongolia	 May 2019-Dec 2019	 < 18 years	 AA	 NAG	 4.97	 Histopathology	 480
2020 Sengul28	 Turkey	 Jan 2016-Dec 2018	 10-19 years	 AA	 NAG	 4.10	 Histopathology	 235
2020 Tartar29	 Turkey	 Jan 2017-Nov 2018	 0-16 years	 AA	 NAG	 5.98	 Histopathology	 196
2021 Begic-	 Bosnia and	 Oct 1, 2016-	 < 15 years	 AA	 Non-operated patients	 3.48	 Histopathology	 170
Kapetanovic24	 Herzegovina	 Mar 30, 2017			   with suspected AA	
2021 Duman9	 Turkey	 2011-2019	 < 16 years	 AA	 NAP + healthy controls	 4.40	 Histopathology	 533

AA, acute appendicitis; FMF, familial Mediterranean fever; IAA, patients with acute inflamed appendix (patients with phlegmonous or uncomplicated appendicitis + patients with 
gangrenous and/or perforated appendicitis noticed as complicated appendicitis); ML, mesenteric lymphadenitis; NAG, normal appendectomy group; NAP, nonspecific abdominal 
pain; NEAA, patients with normal appendix and/or early stage of appendicitis; NLR, neutrophil-to-lymphocyte ratio; UAA, patients with phlegmonous or uncomplicated appendicitis. 
*Other group consists of patients with negative exploration or those who were hospitalized with follow-up and discharged without surgical exploration. †Mean age: 11.5±4.33 years.
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neity was present in both sensitivity (I2 = 87%) 
and specificity (I2 = 84%). Deeks’ funnel plot 
(p=0.58) revealed no publication bias (Figure 5).

Heterogeneity Exploration
Sources of heterogeneity were investigated us-

ing univariate meta-regression (Table II). Among 

the covariates analyzed, the publication year and 
sample size were the only factors significantly 
affecting heterogeneity in the joint model. When 
comparing the sensitivity and specificity esti-
mates with the covariates, the pooled sensitivities 
were significantly higher in the following studies: 
studies published before 2016, studies conducted 

Figure 2. Quality assessment using the Quality Assessment of Diagnostic Accuracy Studies-2. 

Figure 3. Coupled forest plots of summary sensitivity and specificity. Numbers are pooled estimates with 95% confidence 
intervals (CIs) in parentheses. Heterogeneity statistics are provided at the bottom-right corners. Horizontal lines indicate 95% CIs. 
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in Turkey, studies with a cutoff value of ≤3.7, and 
studies with a sample size of >250. The pooled 
specificities were significantly higher in the fol-
lowing studies: studies published before 2016, 
studies conducted in countries other than Turkey, 
and studies with a sample size of ≤250 (Table II).

Comparison of the Diagnostic 
Performances of Other Biomarkers 

We performed a subgroup analysis for other 
available biomarkers among the included studies. 
Descriptive statistics of the diagnostic accuracy 
of the WBC, ANC, neutrophil percentage (N%), 

and CRP for the diagnosis of pediatric AA are 
summarized in Table III. Among them, the N% 
had the highest pooled sensitivity (0.83, 95% 
CI: 0.79-0.87) and pooled DOR (10.53, 95% CI: 
4.49-24.69). The ANC had the highest pooled 
specificity (0.78, 95% CI: 0.72-0.83) (Table III). 
When comparing with NLR, the highest pooled 
estimates of sensitivities and specificities of other 
biomarkers were similar to those of the NLR. 
However, their pooled estimates of LR+ and DOR 
were lower than those of the NLR (Table III). 

Discussion

This systematic review and meta-analysis 
demonstrated that the NLR had moderate sen-
sitivity (0.82) and specificity (0.76) with an area 

Figure 4. Summary receiver operating characteristic curve 
of the diagnostic utility of the neutrophil-to-lymphocyte ratio 
for acute appendicitis in pediatric patients. The area under the 
summary receiver operating characteristic curve was 0.86.

Table II. Stratified meta-regression analyses.

				    Sensitivity		  Specificity
								        LRT	 p
			   No. of	 Pooled value		  Pooled value		  Chi-	 (Joint
	 Parameter	 Category	 Studies	 [95% CI]	 p	 [95% CI]	 p	 Square	 Model)

Publication year	 ≤ 2016 14,15	   6	 0.86 [0.82-0.91]	 < 0.01	 0.85 [0.78-0.92]	 < 0.01	 8.35	 0.02
	 > 2016 9,16,20-29	 13	 0.80 [0.76-0.84]		  0.70 [0.63-0.78]			 
Cut off value	 ≤ 3.722,26 14-16,21,24,25	   9	 0.85 [0.81-0.89]	 < 0.01	 0.72 [0.62-0.81]	 0.17	 5.41	 0.07
	 > 3.79,14,20,23,27-29	 10	 0.80 [0.75-0.85]		  0.79 [0.71-0.87]			 
Size (n)	 ≤ 25014,22-24,26,28,29	 12	 0.81 [0.77-0.86]	 < 0.01	 0.81 [0.75-0.87]	 < 0.01	 8.24	 0.02
	 > 2509,15,16,20,21,25,27	   7	 0.84 [0.79-0.89]		  0.66 [0.57-0.76]			 
Country	 Turkey9,14-16,20,21,28,29	 12	 0.83 [0.79-0.87]	 < 0.01	 0.75 [0.67-0.83]	 0.03	 0.50	 0.78
	 Other countries22-27	   7	 0.81 [0.75-0.87]		  0.77 [0.67-0.87]			 

CI = confidence interval; LRT = likelihood-ratio test.

Figure 5. Deeks’ funnel plot asymmetry test. The likeli-
hood of publication bias was low with a p value of 0.58 for 
the slope coefficient. ESS = effective sample size.
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under the curve of 0.86 for diagnosing AA in pe-
diatric patients. Owing to its moderate diagnostic 
performance, the NLR can be a useful auxiliary 
tool for the diagnosis of AA. Moreover, it can 
help clinicians to decide whether to perform 
imaging testing in pediatric patients when their 
clinical symptoms or physical examination find-
ings are vague. 

The NLR has been studied as an inflammation 
marker that reflects the systemic inflammatory 
response in various diseases, such as atheroscle-
rosis, cancers, and severe coronavirus disease 
201930-33. The NLR can be easily measured, is 
inexpensive, and available in most laboratories. 
Basically, the NLR is defined as the ANC divid-
ed by the absolute lymphocyte count. Neutro-
phils are involved in inflammation, macrophage 
recruitment, angiogenesis, and immune system 
activation34; thus, increased neutrophil counts are 
considered a marker of acute inflammation32,35. 
Lymphocytes play a major role in the adaptive 
immune response36. Reduced lymphocyte count 
(“lymphopenia”) has been reported as a marker 
of stress37 and is associated with viral infection or 
septic shock38. In addition, lymphopenia has been 
reported to be associated with appendicitis25,39,40. 
Either neutrophilia or lymphopenia can increase 
the NLR, which allows us to explicate the po-
tential mechanism of the increasing NLR in the 
systemic inflammatory status. 

Recently, Hajibandeh et al17 reported a me-
ta-analysis on the diagnostic accuracy of the 
NLR for detecting AA. The authors17 included 
11 studies in the comparison of the AA vs. no-
AA groups, enrolling 7,214 adult and pediatric 
patients. The authors demonstrated that an NLR 
cutoff of 4.7 showed high sensitivity (0.89) and 
specificity (0.91) with an area under the curve of 
0.96 for diagnosing AA. Their result showed a 
superior diagnostic performance than our results. 
However, their study17 included mainly adult or 
mixed age (adult and children) patients; and only 

one pediatric study was included in the analysis, 
whereas our result was obtained from 19 stud-
ies comprising 5,914 pediatric patients. Although 
Hajibandeh et al17 did not conduct subgroup anal-
yses according to the age groups, the superior 
diagnostic performance of the NLR was observed 
in their study that comprised mainly adult pa-
tients17. Thus, it can be inferred that the utility 
of the NLR for diagnosing AA may be higher in 
adult populations than in pediatric populations. 

The optimal NLR cutoffs for detecting pe-
diatric AA varied, ranging from 2.5 to 6.14. A 
possible explanation for this diversity is that the 
cutoff value of biomarkers can vary depending 
on patient and control characteristics, clinical 
settings, laboratory assays, and the reference 
standard41. In our study, all the included stud-
ies used histopathologic findings as a reference 
standard for diagnosing AA, but the definition 
of control groups varied (i.e., healthy children or 
negative appendectomy patients). Further, the in-
cluded studies were conducted in various clinical 
settings and countries. Thus, all these factors can 
result in variation in the cut off value. To date, the 
optimal NLR cutoff value for detecting pediatric 
AA has been not established; however, we found 
similar pooled sensitivities and specificities in 
studies using a cutoff value of ≤3.7 (range, 2.5-
3.66) compared to studies using a cutoff of >3.7 
(range, 4.0-6.14). Therefore, if an NLR of ≥2.5 
was found in pediatric patients with AA, it can 
be assumed that the NLR would show a similar 
moderate sensitivity and specificity for diagnos-
ing pediatric AA. Nevertheless, clinicians should 
apply these results with caution in practice, be-
cause of the heterogeneous characteristics of the 
included studies.

There are several clinical scores for diagnos-
ing pediatric AA; the most popular ones are 
the Alvarado score42 and Pediatric Appendicitis 
Score (PAS). Kulik et al43 reported in a systematic 
review that the sensitivity of the PAS varied be-

Table III. Summary estimates of diagnostic accuracy of the other biomarkers.

		  Number	 Sensitivity	 Specificity	 LR+	 LR–	 DOR
	Biomarkers	 of studies	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)	 (95% CI)

WBC	 89,14-16,22,25,27,28	 0.79 (0.71-0.86)	 0.66 (0.54-0.77)	 2.36 (1.71-3.26)	 0.31 (0.22-0.44)	 7.60 (4.32-13.37)
ANC	 515,22,25,27,28	 0.75 (0.65-0.82)	 0.78 (0.72-0.83)	 3.35 (2.44-4.59)	 0.33 (0.22-0.48)	 10.25 (5.23-20.12)
N%	 49,15,22,26	 0.83 (0.79-0.87)	 0.68 (0.53-0.80)	 2.59 (1.62-4.15)	 0.25 (0.17-0.37)	 10.53 (4.49-24.69) 
CRP	 49,15,25,29	 0.73 (0.69-0.77)	 0.68 (0.55-0.79)	 2.28 (1.61-3.24)	 0.40 (0.34-0.46)	 5.77 (3.60-9.26)

ANC, absolute neutrophil count; CI, confidence interval; CRP, C-reactive protein; DOR, diagnostic odds ratio; LR+, positive 
likelihood ratio; LR−, negative likelihood ratio; N%, neutrophil percentage; WBC, white blood cell count.
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tween 0.82 and 1 and the sensitivity of the Alvara-
do score varied between 0.72 and 0.93 in valida-
tion studies. However, the authors assumed that 
both clinical scores would have over diagnosed 
AA (the PAS by 35% and the Alvarado score by 
32% on average)43. To establish evidence-based 
guidelines on the diagnosis and management of 
AA, the first consensus conference of the World 
Society of Emergency Surgery (WSES) was held 
in Jerusalem in July 201544. The 2020 update of 
the WSES Jerusalem guidelines45 states that the 
Alvarado score and PAS are useful for excluding 
pediatric AA. However, the guideline has recom-
mended against diagnosing AA solely based on 
clinical scores45. Compared with clinical scores, 
the NLR has the advantages of simplicity and a 
low risk of inter-observer variation.

Regarding biomarkers, the updated 2020 WS-
ES guidelines also suggests the adoption of both 
parameters, biomarkers and clinical scores, for 
predicting inflammation severity and the need for 
imaging tests in pediatric patients highly sugges-
tive of having AA45. Specifically, inflammatory 
biomarkers, such as WBC, ANC, and CRP, have 
been widely used and recommended as routine 
workup for possible AA patients45. Zouari et al46 
studied 102 consecutive children (aged <6 years) 
who underwent appendectomy and compared the 
AA group with the non-AA group. The authors 
reported that a CRP level of ≥10 mg/L on admis-
sion (p < 0.001, odds ratio = 7.44) and leukocyto-
sis of ≥16,100/mL (p = 0.046, odds ratio = 2.803) 
were predictive factors for pediatric AA. The 
2020 WSES guidelines has adopted these results 
and included them in the statement for pediatric 
AA45. 

Further, Yu et al47 compared the diagnostic 
performance of biomarkers for AA through a 
meta-analysis, including seven studies compris-
ing both adult and pediatric patients. The pooled 
sensitivity and specificity were 0.62 (95% CI: 
0.47-0.74) and 0.75 (95% CI: 0.55-0.89) for WBC, 
0.57 (95% CI: 0.39-0.73) and 0.87 (95% CI: 0.58-
0.97) for CRP, and 0.33 (95% CI: 0.21-0.47) and 
0.89 (95% CI: 0.78-0.95) for procalcitonin (PCT), 
respectively. Particularly, PCT was found to have 
greater specificity for diagnosing complicated 
appendicitis, with a pooled sensitivity of 0.62 
(95% CI: 0.33-0.84) and specificity of 0.94 (95% 
CI: 0.90-0.96)4; this result was also confirmed in 
another meta-analysis48. When compared with 
our results, the NLR showed the highest pooled 
sensitivity, but showed lower pooled specificity 
than PCT. Additionally, the pooled estimates of 

WBC and CRP showed higher sensitivity, but 
lower specificity in the pediatric population than 
in the mixed population (adults and children) for 
the diagnosis of AA. From the point of view of 
sensitivity, availability, and price, the NLR can 
be a more useful screening tool than PCT for 
diagnosing pediatric AA. 

In our study, among the several biomarkers 
that we analyzed, the N% showed the highest 
pooled sensitivity, which was similar to that of 
the NLR (0.83 vs. 0.82). The ANC showed the 
highest pooled specificity, but it was also similar 
to that of the NLR (0.79 vs. 0.76). For comparing 
the test’s discriminatory performance, the DOR 
can be used as a single indicator49-52. The DOR 
is the ratio of the odds of positivity in patients 
to the odds of positivity in a person without the 
disease49. The DOR reflects the discriminatory 
power of the test50 and can be used when compar-
ing diagnostic accuracy for more than two diag-
nostic tests51,52. The N% and ANC showed sim-
ilar pooled estimates of DOR (10.53 vs. 10.25), 
but the NLR achieved the highest pooled DOR 
(14.34). Therefore, the NLR is a valuable diag-
nostic marker compared to other conventional 
biomarkers in diagnosing pediatric AA. Unfortu-
nately, the NLR was not mentioned or adopted in 
the updated 2020 WSES guidelines45. However, 
owing to its moderate diagnostic performance 
and its simplicity, with good availability in vari-
ous clinical settings, the NLR has the potential to 
be a good supplementary marker for diagnosing 
pediatric AA. 

One of the strengths of our study is that it is 
the first systematic review and meta-analysis on 
the diagnostic performance of the NLR for pe-
diatric AA, along with other blood biomarkers. 
However, our study also has several limitations. 
First, the majority of the included studies were 
retrospective and carried a high risk of patient 
selection bias. Second, due to the heterogeneous 
characteristics of the included studies, physicians 
should be careful when applying these results in 
clinical practice. Third, almost 50% of the in-
cluded studies were conducted in Turkey. Fourth, 
assessing the performance of the NLR relative to 
clinical scores (i.e., the PAS or Alvarado score), 
other known biomarkers (i.e., PCT, pentraxin-3), 
or secondary blood parameters (i.e., MPV, PLR) 
was not possible due to the limited number of 
clinical studies that provided these corresponding 
data. Finally, comorbidity in the included pa-
tients, interval between symptom onset and test-
ing, or blinding of testing were rarely reported; 
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thus, we could not evaluate their effect through a 
meta-analysis. Future well-designed prospective 
studies in various countries are needed to deter-
mine and validate the optimal NLR cutoff value 
for diagnosing pediatric AA.

Conclusions

In conclusion, the NLR showed moderate sen-
sitivity, specificity, and accuracy for diagnosing 
pediatric AA. Because of its simple measure-
ment, low cost, and availability in most laborato-
ries, the NLR can be useful as an auxiliary tool 
for the diagnosis of pediatric AA, particularly in 
resource-limited settings. However, physicians 
should be cautious when using only the NLR for 
diagnosis. 
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