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ABSTRACT

Objective: The objective of this research was to evaluate the diagnostic value of mean platelet volume/
platelet count (MPV/PC) ratio in pediatric acute appendicitis.
Methods: This retrospective study included a total of 310 patients, 176 in the uncomplicated appendicitis 
group, 80 in the complicated appendicitis group, and 54 in the nonspecific abdominal pain (NSAP) group. 
C-reactive protein (CRP) level, white blood cell (WBC) count, absolute neutrophil count (ANC), MPV, PC, 
and MPV/PC ratio were compared between the groups. 
Results: WBC and ANC levels differed significantly between the groups (P<0.001 in all pairwise 
comparisons). CRP levels in the complicated appendicitis group were higher than in the NSAP and 
uncomplicated appendicitis groups (P<0.001 for both comparisons). There was a negative correlation 
between MPV and PC (r= -0.434, P<0.001). Both PC and MPV/PC ratio were able to distinguish cases of 
complicated appendicitis from NSAP (P=0.047 and P=0.045, respectively) and from cases of uncomplicated 
appendicitis (P=0.010 and P=0.045, respectively). Areas under the ROC curve for CRP, WBC, ANC, MPV, PC, 
and MPV/PC ratio were 0.640, 0.690, 0.727, 0.553, 0.541, and 0.546, respectively.
Conclusion: According to the results of our study, MPV/PC ratio can be used in addition to the conventional 
markers to discriminate cases of complicated appendicitis. 
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ÖZ

Amaç: Bu çalışmanın amacı pediatrik akut apandisitte ortalama trombosit hacmi/trombosit sayısı (MPV/
PC) oranının tanısal değerini değerlendirmektir.
Yöntem: Bu retrospektif çalışma, komplike olmayan apandisit grubunda 176, komplike apandisit grubunda 
80 ve nonspesifik karın ağrısı (NSAP) grubunda 54 olmak üzere toplam 310 hastayı içermektedir. C-reaktif 
protein (CRP) düzeyi, beyaz kan hücresi sayısı (WBC), mutlak nötrofil sayısı (ANC), MPV, PC ve MPV/PC 
oranı gruplar arasında karşılaştırıldı.
Bulgular: WBC ve ANC düzeyleri gruplar arasında anlamlı farklılık gösterdi (tüm ikili karşılaştırmalarda 
P<0.001). Komplike apandisit grubunda CRP düzeyleri NSAP ve komplike olmayan apandisit gruplarından 
daha yüksekti (her iki karşılaştırma için de P <0.001). MPV ve PC arasında negatif bir korelasyon vardı 
(r=-0.434, P<0.001). Hem PC hem de MPV/PC oranı, komplike apandisit vakalarını NSAP (sırasıyla P=0.047 
ve P=0.045) ve komplike olmayan apandisit vakalarından (sırasıyla P=0.010 ve P=0.045) ayırt edebildi. CRP, 
WBC, ANC, MPV, PC ve MPV/PC oranı için ROC eğrisi altındaki alanlar, sırasıyla 0.640, 0.690, 0.727, 0.553, 
0.541 ve 0.546’dır.
Sonuç: Çalışmamızın sonuçlarına göre, komplike apandisit vakalarını ayırt etmek için geleneksel belirteç-
lere ek olarak MPV/PC oranı kullanılabilir.

Anahtar kelimeler: Apandisit, biyobelirteçler, ortalama trombosit hacmi/trombosit sayısı oranı, pediatri
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INTRODUCTION

Acute abdominal pain in children is a common cause 
of emergency department (ED) admissions and represents 
a challenge for physicians who conduct the initial 
evaluation (1). Although acute abdominal pain is usually a 
self-limiting process, in a small proportion of cases (1-8%) 
it is associated with a serious condition that requires 
surgery, such as appendicitis (1,2). 

Acute appendicitis is the most common abdominal 
surgical emergency in the pediatric population (3) and an 
early diagnosis can reduce the incidence of perforation, 
postoperative complications, mortality, length of hospital 
stay, and costs (4). However, early diagnosis of appendicitis 
is a challenging issue even today, because the clinical signs 
and symptoms presented in the ED may be nonspecific 
and misleading, particularly in younger children (5).

Although ultrasound and computed tomography (CT) 
have improved diagnostic accuracy in acute appendicitis, 
these imaging modalities have some disadvantages (6). CT 
has over 95% sensitivity and specificity in the diagnosis of 
acute appendicitis, but also requires exposing children to 
ionizing radiation (7). Abdominal ultrasound also offers 
good specificity and specificity (88% and 94%, respectively) 
without the negative effects of radiation, but its diagnostic 
value is operator-dependent (8). 

In recent years, biomarkers have been used in addition 
to imaging techniques as noninvasive tools for diagnosing 
disease and predicting prognosis (9). White blood cell 
(WBC) count, absolute neutrophil count (ANC), and 
C-reactive protein (CRP) are traditional parameters 
routinely use either alone or in combination by physicians 
in ED (10). However, the diagnostic sensitivity and specificity 
values reported for these markers are highly variable, 
raising questions regarding their ability to enable 
physicians to accurately and reliably rule out or confirm 
the diagnosis of acute appendicitis (11). Although 
leukocytosis is present in 70% of patients with acute 
appendicitis, the presence of leukocytosis in other acute 
abdominal complaints decreases the sensitivity and 
specificity of this test (12). In addition, large fluctuations in 
CRP sensitivity (40-99%) and specificity (27-90%) led 
researchers to seek new biomarkers (13).

Platelet indices including mean platelet volume (MPV) 
and platelet count (PC) are routinely reported parameters 

in complete blood count (CBC) analysis and have been 
investigated for the diagnosis of acute appendicitis, but 
the results are variable (14-17). It has been suggested that 
there is an inverse relationship between these two 
parameters and that their ratio, rather than their individual 
values, is superior in terms of diagnostic potential (18). 

Our aim in the present study was to evaluate the 
utility of MPV/PC ratio in pediatric patients presenting to 
the ED with suspected acute appendicitis. To the best of 
our knowledge, MPV/PC ratio has not been evaluated 
previously in suspected acute appendicitis in the pediatric 
population.

MATERIAL and METHOD

Subjects and study design 
This retrospective study was conducted in patients 

who presented to the ED of a tertiary hospital between 
January 1, 2016 and January 1, 2019 with complaints of 
abdominal pain. A total of 310 patients under 18 years of 
age were included in the study. Three groups were 
formed: nonspecific abdominal pain (NSAP), uncomplicated 
appendicitis, and complicated appendicitis. The NSAP 
group consisted of patients with nonspecific abdominal 
pain who were observed for 24 to 48 hours and discharged 
(n=54). The NSAP patients were contacted by phone after 
discharge to ensure that appendicitis did not develop. 
Patients with obvious symptoms of urinary tract infection, 
gastroenteritis, and respiratory system infections were 
excluded from the study. Patients who underwent 
appendectomy and were confirmed as having focal, 
suppurative, or phlegmonous appendicitis in the pathology 
report were included in the uncomplicated appendicitis 
group (n=176). Those whose appendectomy pathology 
report indicated gangrenous or perforated appendicitis 
were included in the complicated appendicitis group 
(n=80). Patients with negative appendectomy and other 
surgical pathologies were excluded from the uncomplicated 
and complicated appendicitis groups.

Analyzed laboratory parameters
CRP, WBC, ANC, MPV, and PC results were obtained 

from the laboratory information system, and MPV/PC ratio 
was calculated from MPV and PC values. Analysis of WBC, 
ANC, MPV, and PC, which are CBC subparameters, were 
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performed by electrical impedance method (Coulter LH 
780, Beckman Coulter Inc., CA, USA); CRP was analyzed 
turbidimetrically by an automated procedure (AU640 
autoanalyzer, Beckman Coulter Inc., CA, USA). Total 
coefficient of variation was <3.3 for CBC parameters, and 
<5 for CRP. 

Statistical analysis
SPSS version 22.0 (SPSS Inc., Chicago, USA) software 

package was used for statistical analyses. Results of the 
Shapiro-Wilk test indicated that the data were not 
normally distributed, and the nonparametric Mann–
Whitney U test was used for statistical analyses. Chi-
square test was used for sex-based comparison of the 
groups. Results were given as median (interquartile range). 

Cut-off, sensitivity, specificity, and area under the curve 
(AUC) values of the analyzed markers were determined by 
receiver operating characteristic (ROC) curve analysis. 
Correlations between the laboratory markers were 
identified with Spearman rank correlation test. Results 
with P<0.05 were considered statistically significant.

Ethical considerations
The study was approved by the local ethics committee 

(Resolution Number 2019/8-11, dated May 08, 2019).

RESULTS

The demographic characteristics and laboratory 
findings of the patients with acute appendicitis and those 

Table 1. The demographic characteristics and laboratory findings of patients with acute appendicitis and those with nonspecific abdo-
minal pain.

Parameter

Age, years

Gender
Female, n(%)

WBC (x103/µL)

ANC (x103/µL)

CRP (mg/L)

MPV (fL)

PC (x103/µL)

MPV/PC

NSAP
(n=54)

13.0 (9.0-15.0)

28 (51.9%)

11.6 (8.6-16.8)

7.4 (5.2-12.5)

10.1 (1.3-29.9)

8.0 (7.5-8.7)

285.5 (237.5-375.0)

0.0296 (0.0208-0.0363)

*NSAP vs. Uncomplicated appendicitis; †NSAP vs. Complicated appendicitis; ‡Uncomplicated appendicitis vs. Complicated appendicitis; 
Data were presented as median (25th-75th percentile); P value <0.05 was considered statistically significant; Statistically significant P 
values shown in bold.
Abbr: NSAP, Nonspecific abdominal pain; n, number; WBC, White blood cell count; ANC, Absolute neutrophil count; CRP, C-reactive pro-
tein; MPV, Mean platelet volume; PC, Platelet count. 

Uncomplicated appendicitis
(n=176)

11.0 (8.0-14.0)

59 (33.5%)

14.9 (12.4-18.8)

12.3 (9.1-15.7)

12.0 (4.0-33.1)

7.9 (7.4-8.5)

295.0 (251.5-343.0)

0.0271 (0.0222-0.0341)

Complicated appendicitis
(n=80)

11.0 (8.0-14.0)

29 (36.3%)

17.9 (14.7-21.5)

15.2 (12.6-18.3)

85.8 (35.4-140.0)

7.9 (7.2-8.7)

319.0 (272.8-384.3)

0.0264 (0.0200-0.0305)

P

0.131*

0.156†

0.738‡

0.050

<0.001*

<0.001†

<0.001‡

<0.001*

<0.001†

<0.001‡

0.274*

<0.001†

<0.001‡

0.587*

0.315†

0.519‡

0.750*

0.047†

0.010‡

0.645*

0.045†

0.045‡
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with NSAP are summarized in Table 1. There was no 
difference in age between the groups (NSAP vs. 
uncomplicated appendicitis p=0.131, NSAP vs. complicated 
appendicitis p=0.156, uncomplicated appendicitis vs. 
complicated appendicitis p=0.738). There was no 
difference in sex distribution between the three groups 
(P=0.050).

PC levels in the complicated appendicitis group were 
higher than in the other two groups (NSAP vs. complicated 
appendicitis p=0.047, uncomplicated appendicitis vs. 
complicated appendicitis p=0.010). 

The median value of our candidate marker MPV/PC 
ratio was 0.0296 in the NSAP, 0.0271 in the uncomplicated 
appendicitis, and 0.0264 in the complicated appendicitis 
group. These median values were able to distinguish cases 
of complicated appendicitis from NSAP (p=0.045) and 
uncomplicated appendicitis cases (p=0.045).

WBC and ANC, markers routinely used in the diagnosis 
of acute appendicitis, showed significant differences in all 
pairwise comparisons (p<0.001). CRP levels were also 
higher in the complicated appendicitis group than in the 
other two groups (NSAP vs. complicated appendicitis 
P<0.001, uncomplicated appendicitis vs. complicated 
appendicitis p<0.001). 

The diagnostic capacities of the laboratory markers 
were evaluated using ROC curve analysis (Table 2, Figure 
1). The AUC of ANC indicated good discrimination between 
NSAP and acute appendicitis (AUC=0.727, p<0.001), while 
the AUC of WBC and CRP showed fair discrimination 
(AUC=0.690, P<0.001; AUC=0.640, P<0.001, respectively). 
AUC of MPV, PC, and MPV/PC ratio showed poor 
discrimination (AUC=0.553, p=0.424; AUC=0.541, p=0.391; 
and AUC=0.546, p=0.336, respectively) (19).

According to Spearman correlation analysis, there was 
a negative correlation between MPV and PC (r=-0.434, 
P<0.001) (Table 3).

DISCUSSION

There is an ongoing debate regarding the usefulness of 
laboratory tests in the diagnosis of acute appendicitis (20). 
In this study, we evaluated the diagnostic value of MPV/PC 
ratio in children with acute appendicitis, which to the best 
of our knowledge is the first examination of this parameter 
for acute appendicitis in this age group. 

Table 2. Cut-off values and diagnostic performance characteristics of markers in the differential diagnosis of patients with acute 
appendicitis and those with nonspecific abdominal pain.

WBC (x103/µL)
ANC (x103/µL)
CRP (mg/L)
MPV (fL)
PC (x103/µL)
MPV/PC

Cut-off value
 

> 11.9
> 9.5
> 4.7
≤ 7.1
> 257

≤ 0.0320

Sensitivity, (%)

83.6
79.3
79.2
15.6
74.2
73.8

95% CI

78.5 - 87.9
73.8 - 84.1
73.6 - 84.1
11.4 - 20.7
68.4 - 79.5
68.0 - 79.1

Specificity (%)

55.6
64.8
45.8
94.4
44.4
44.4

95% CI

41.4 - 69.1
50.6 - 77.3
31.4 - 60.8
84.6 - 98.8
30.9 - 58.6
30.9 - 58.6

AUC (95% CI)

0.690 (0.635 - 0.741)
0.727 (0.674 - 0.776)
0.640 (0.582 - 0.694)
0.553 (0.476 - 0.589)
0.541 (0.484 - 0.598)
0.546 (0.489 - 0.603)

P*

<0.001
<0.001
<0.001
0.424
0.391
0.336

*Significance of AUC; P value <0.05 was considered statistically significant; Statistically significant P values shown in bold.
Abbr: CI, Confidence interval; WBC, White blood cell; ANC, Absolute neutrophil count; CRP, C-reactive protein; MPV, Mean platelet volume; 
PC, Platelet count; AUC, Area under curve.
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Figure 1. Receiver operating characteristic curves of markers 
for discrimination of patients with acute appendicitis and 
those with nonspecific abdominal pain.

Abbr: WBC, White blood cell; ANC, Absolute neutrophil count; 
CRP, C-reactive protein; MPV, Mean platelet volume; PC, Platelet 
count.
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MPV and PC are among the 18 to 22 subparameters 
determined in CBC analysis, depending on the analyzer 
used. The utility of MPV/PC ratio has been investigated in 
many diseases including hepatocellular carcinoma, lung 
cancer, obstructive sleep apnea syndrome, and acute 
ischemic stroke (21-24). The interest in platelets and related 
indices is based primarily on growing evidence of their key 
role in inflammation. Platelets have been shown to 
produce and store large amounts of inflammatory 
mediators, communicate with and activate different cells, 
and are themselves activated by various proinflammatory 
mediators via surface receptors (25). In our study, the 
higher platelet counts in patients with complicated 
appendicitis compared to NSAP support the role of 
platelets in the inflammatory process. Another finding of 
our study was that the group with the most severe 
inflammation had the highest CRP and PC levels. 

MPV, a measure of platelet size, is one of the most 
widely used markers of platelet function and is believed to 
reflect the inflammatory burden in various diseases (26). 
Different mechanisms have been proposed to explain the 
relationship between MPV and the inflammatory process. 
Interleukin (IL)-6 is a well-known acute phase reactant 
inducer whose concentration correlates with CRP and 
degree of inflammation, and higher IL-6 levels have been 
demonstrated in acute appendicitis (27,28). It has been 
hypothesized that conditions associated with high 
inflammatory marker activity may also decrease MPV 

values, and thus decreased MPV may indicate the intensity 
of the inflammatory process. Overproduction of 
proinflammatory cytokines and acute phase reactants 
may suppress platelet size by inhibiting megakaryopoiesis, 
resulting in the release of small platelets from the bone 
marrow (28). In the present study, we observed lower MPV 
levels in the appendicitis groups compared to the NSAP 
group, but the differences were not statistically 
significant. 

There is only one study in the literature evaluating 
MPV/PC ratio in acute appendicitis, which was conducted 
in adults. Biricik et al. detected no difference in MPV/PC 
ratio between healthy controls and acute appendicitis 
cases (29). In contrast to their findings, we determined in 
the present study that changes in MPV and especially PC 
ultimately affected the MPV/PC ratio in complicated 
appendicitis. Although the decrease in MPV was not 
significant in patients with complicated appendicitis, this 
change was found to affect the significance of MPV/PC 
ratio, albeit to a limited degree. According to our results, 
MPV/PC ratio at a cut-off value of 0.0320 was able to 
distinguish cases of acute appendicitis from NSAP with 
73.8% sensitivity and 44.4% specificity. We also noted an 
inverse correlation between MPV and PC. 

Leukocyte count is commonly used in the diagnosis 
of acute appendicitis, with high leukocyte count 
recognized as helpful in the early diagnosis of acute 
appendicitis. On the other hand, ANC is usually associated 
with bacterial infections. In previous studies, sensitivity 
and specificity of WBC were reported as 67-97.8% and 
31.9-90.8%, and those of ANC as 68.6-98.9% and 33.1-
91%, respectively. In our study, WBC and ANC levels 
were high in the acute appendicitis group and consistent 
with the literature (14). 

CRP is another frequently used test to guide clinical 
evaluation of acute appendicitis. It is an acute phase 
reactant that is synthesized in the liver and released into 
the bloodstream in response to tissue damage. CRP 
measurement is practical, fast, and cost-effective. Previous 
studies in the literature have reported a sensitivity of 
40-94% and specificity of 38-87% (30). In our study, CRP was 
elevated in patients with complicated appendicitis and its 
diagnostic sensitivity and specificity values were consistent 
with the literature. Despite low sensitivity and specificity, 
one of the main findings of our study is that the traditional 

Table 3. Correlations of markers that evaluated in the diagnosis 
of acute appendicitis.

Markers

WBC 

ANC 

CRP 

MPV 

PC 

r
P
r
P
r
P
r
P
r
P

ANC

0.948
<0.001

CRP

0.614
<0.001
0.643

<0.001

MPV

- 0.160
<0.001
- 0.102
0.023

- 0.155
0.001

PC

0.284
0.496
0.217

<0.001
0.080
0.098

- 0.434
<0.001

MPV/PC

- 0.273
<0.001
- 0.201
<0.001
- 0.104
0.032
0.702

<0.001
- 0.937
<0.001

P value <0.05 was considered statistically significant; Statistically 
significant P values shown in bold.
Abbr: WBC, White blood cell count; ANC, Absolute neutrophil 
count; CRP, C-reactive protein; MPV, Mean platelet volume; PC, 
Platelet count; r, Correlation coefficient.
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markers (CRP, WBC, and ANC) had better AUC and P 
values, thus remaining the first choice to distinguish 
complicated appendicitis cases from NSAP. 

There are several limitations of this study. First, there 
were fewer cases of NSAP and complicated appendicitis 
than uncomplicated appendicitis during the study period. 
We were able to contact only a small number of patients 
after discharge due to reasons such as having an incorrect 
phone number on file or getting no response, which 
reduced the size of our NSAP group. Second, similar to 
other retrospective studies, we cannot completely rule 
out the impact of selection bias. 

In conclusion, early diagnosis of acute appendicitis in 
children is important to reduce morbidity and mortality 
rates. According to the results of our study, MPV/PC ratio 
can be used in addition to traditional markers as a guide 
for ED physicians to discriminate cases of complicated 
appendicitis.
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