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Abstract: Background: Mean Platelet Volume (MPV) has been suggested as a biomarker for acute
appendicitis (AA) in the adult population. The utility of MPV in pediatric AA remains vague. This
systematic review and meta-analysis aimed to systematically summarize and compare all relevant
data on MPV as a diagnostic biomarker for AA in children. Methods: Databases were systematically
searched using keywords ((mean platelet volume) OR mpv) AND (appendicitis). The inclusion
criteria were all comparative studies of MPV in children aged less than 18 years and diagnosed with
AA. Two authors independently assessed the methodological quality using the Downs and Black
scale. Results: We included fourteen studies in the final meta-analysis; most were retrospective.
Eight studies compared the MPV values between AA and non-AA; four studies compared the same
between AA and healthy controls; two studies compared the MPV values among all three groups.
The estimated heterogeneity among the studies for all outcomes was high and statistically significant.
The pooling the data showed no statistically significant difference in MPV (weighted mean difference
(WMD) = −0.42, 95% CI = (−1.04, 0.20), p = 0.19) between AA and healthy controls or AA and non-AA
cases (WMD = 0.01, 95% CI = (−0.15, 0.17), p = 0.90). Conclusion: While MPV levels seem to have
some utility in adult AA diagnosis, MPV levels should not dictate treatment options in pediatric AA.

Keywords: acute appendicitis; non-specific abdominal pain; children; mean platelet volume; biomarker

1. Introduction

Acute appendicitis (AA) remains one of the most common indications for emergency
room evaluations among children who present with abdominal pain [1]. Despite advances
in investigative modalities, AA still presents diagnostic challenges. Delays in diagnosis
and subsequent management increase the risk of morbidity among affected patients with
complications including appendix rupture, abscess, peritonitis, and sepsis [2]. Acute
appendicitis initiates a humoral immune response, which can be detected through several
biomarkers [3]. Traditionally, clinical status complemented by elevated leukocyte and C-
reactive protein levels has been used to diagnose AA. Still, the sensitivity and specificity of
these markers remain insufficient by themselves [4]. Radiological modalities are commonly
employed, with some centers using Magnetic Resonance Imaging (MRI) for definitive
diagnosis. Each investigation raises costs and adds further delays to diagnosis, thereby
postponing possible intervention. Various scoring systems have also been developed to
refine diagnostic accuracy. Recently, in addition to white blood cell count (WBC), blood
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parameters have shown promise in increasing specificity for diagnosing AA [5]. A recent
systematic review and meta-analysis on the utility of Red Cell Distribution Width (RDW)
in AA showed no evidence of RDW values in diagnostic testing of AA [6]. Mean platelet
volume (MPV) is related to thrombocyte function and activation and varies in response to
humoral immune reactions. The reactions of platelet indices to inflammatory conditions
have been investigated in depth, and especially the role of MPV as an acute phase reactant
and its relation to platelet count (PC) has raised interest in the diagnosis of AA [7,8].

Despite many reports on the utility of complete blood cell count in AA diagnostics,
thus far, the utility of MPV in children remains vague. We hypothesized that the MPV
levels would provide additional substance for a better diagnosis of AA in children. To
that end, we conducted a systematic review on MPV in diagnosing AA in the pediatric
population. To our best knowledge, this is the first systematic review and meta-analysis on
the utility of MPV in AA diagnostics among children.

2. Materials and Methods
2.1. Search Strategy

The literature search was conducted as per the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [9]. Two investigators (NK and SA)
independently conducted searches on PubMed, Web of Science, EMBASE, and Scopus
databases on 20 March 2022. The search keywords used were ((mean platelet volume) OR
mpv) AND (appendicitis). The total search records were analyzed, and duplications were
removed. Subsequently, the eligibility criteria were applied to screen the relevant studies.

2.2. Eligibility Criteria

The inclusion criteria were: all patients aged less than 18 years with pathological
confirmed acute appendicitis (AA). The non-AA patients included those patients with either
negative appendectomy by pathology or non-specific abdominal pain (NSAP). Healthy
controls were asymptomatic individuals. The MPV was compared between AA, non-AA
patients, and healthy controls. Studies with incomplete data, or where the outcomes
of interest were not reported, were excluded. Additionally, those comparing only the
severity or stage of appendicitis with MPV were excluded. Case reports, literature reviews,
commentaries, editorials, conference abstracts, and opinion articles were also excluded.

2.3. Data Extraction

Two investigators (NK and SA) independently performed data synthesis using Mi-
crosoft Excel spreadsheets. Extracted information included the first author’s name, year of
publication, sample size, age, gender, and mean ± standard deviation (SD) of MPV in cases
and controls. Disagreements were settled by discussion and consensus with the senior
authors (NP, MB).

2.4. Quality Assessment

An independent assessment of the methodological quality was performed by two
authors (AD and DKY) using the Downs and Black scale [10]. This validated 27-point
scale has four domains of assessment with minimum and maximum scores of 0 and 32,
respectively. Based on these scores, the risk of bias was graded as low (score > 23), moderate
(16–23), or high (0–15). The kappa statistics were used to identify the level of inter-rater
agreement regarding the risk of bias [11]. The degree of agreement could be graded as
slight (0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80), and almost
perfect (0.81–1.00).

2.5. Statistical Analysis

During this study, the guidelines from the Cochrane handbook were followed [12].
RevMan 5.4 (Cochrane Collaboration, London, UK) software was used to perform the
meta-analysis. All numerical data are shown as mean ± SD. As both the study outcomes
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were continuous, mean differences (MD) were calculated for them. Subsequently, the
inverse variance (IV) method was used to calculate the weighted mean difference (WMD).
The I2 statistics were applied for the analysis of heterogeneity. Significant heterogeneity
was interpreted when I2 was >50%. A random-effects model was used in case of substantial
heterogeneity (I2 > 50%). A value of p < 0.05 was considered statistically significant.

2.6. Research Ethics and Consent

Due to the nature of this study, where data was collected from previous clinical studies
and synthesized subsequently, ethical aspects remain methodological, and ethical approval,
patient confidentiality and informed consent were unapplicable for this study.

3. Results
3.1. Study Characteristics

Our search strategy identified 192 records. After the removal of 88 duplicates, 104 articles
were screened for eligibility. Of these, 88 abstracts were excluded, and 16 full-text articles
were assessed using the inclusion criteria (Figure 1). Two studies were non-comparative, so
they were further excluded. Finally, 14 studies were included in the meta-analysis. The
study designs of these studies were retrospective (n = 10), cross-sectional
(n = 1), case-control (n = 1), and prospective study (n = 2). Eight studies compared the MPV
values between AA and non-AA only; four studies compared the same between AA and
healthy controls, while two studies compared the MPV values among all three groups. A
total of 3796 subjects comprising 2461 with AA, 557 with NSAP, and 778 healthy controls
were included in the meta-analysis. The baseline characteristics of the included studies are
demonstrated in Table 1.
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Figure 1. Selection of the relevant studies using the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) flow diagram.
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Table 1. Characteristics of the included studies.

Author, Year Study Design
Sample Size

AA Non-AA Controls

Bilici et al., 2011 [13] Retrospective 100 - 100

Uyanik et al., 2012 [7] Retrospective 305 - 305

Nazik et al., 2017 [14] Prospective 30 - 33

Yilmaz et al., 2017 [15] Retrospective 628 30 -

Yazar et al., 2018 [16] Cross-sectional 170 30 -

Nia et al., 2018 [17] Case-control 60 60 -

Bozlu et al., 2019 [18] Retrospective 141 46 100

Tuncer et al., 2019 [19] Retrospective 137 65 -

Oktay et al., 2020 [20] Retrospective 103 34 -

Sengul et al., 2020 [21] Retrospective 205 30 -

Du et al., 2020 [22] Prospective 92 - 90

Tartar et al., 2020 [23] Retrospective 186 15 -

Duman et al., 2022 [24] Retrospective 254 197 150

Dooki at al., 2022 [25] Retrospective 50 50 -

3.2. Summary of the Included Studies

• Bilici et al., 2011

This retrospective study was conducted in Turkey [13]. The sample size was 100 patients
with AA and 100 healthy controls. The study found that MPV values significantly decreased
(p < 0.001) in children with AA. The study also investigated the role of white blood cell
(WBC), neutrophil and platelet counts.

• Uyanik et al., 2012

This retrospective study was conducted in Turkey [7]. It included 305 patients with
AA and 305 healthy controls. The study found no statistically significant difference in MPV
values (p > 0.05) between the two groups. The study also investigated the leukocyte count
between the two groups.

• Nazik et al., 2017

This prospective study was also conducted in Turkey [14]. The sample size included
63 patients (30 AA and 30 healthy controls). The study found that MPV values did not
significantly differ between the two groups (p = 0.501). The study also investigated the role
of WBC, C-reactive protein (CRP), the neutrophil lymphocyte ratio, the platelet lymphocyte
ratio, and erythrocyte sedimentation rate (ESR).

• Yilmaz etal., 2017

This retrospective study from Turkey on 628 patients with AA and 30 in non-AA
groups showed that the MPV values did not significantly differ between the two groups
(p = 0.498) [15]. The study also investigated the role of WBC, neutrophil count, lymphocyte
count, hemoglobin, hematocrit, platelet count, red cell distribution width (RDW), and CRP.

• Yazar et al., 2018

This cross-sectional study from Turkey was primarily aimed at assessing the reliability
of ultrasonography and the Alvarado scoring system in acute appendicitis [16]. The sample
size included a total of 200 patients (170 AA and 30 non-AA). The study also showed that
MPV values did not significantly differ between the two groups (p = 0.830). The study also
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reported the values of WBC, platelet count, CRP, and absolute neutrophil count (ANC) in
the two groups.

• Nia et al., 2018

This case-control study was conducted in Ian [17]. The sample size was 60 cases of
AA and 60 controls. The study found that there was no significant difference in MPV
values between the two groups (p > 0.05). The study also investigated the role of other
biomarkers such as ESR, WBC, lymphocyte count, and the polymorphonuclear leukocytes
(PMNs) percentage.

• Bozlu et al., 2019

This retrospective study was conducted in Turkey [18]. The sample size was 219 children
(141 with AA, 46 non-AA, 32 perforated AA), and 100 healthy children. The study found no
significant difference in the MPV values between the groups (p = 0.663). The other markers
investigated in the study were WBC, platelet count, platelet distribution width (PDW),
mean platelet volume-to-lymphocyte ratio (MPVLR), platelet-to-lymphocyte ratio (PLR),
and CRP.

• Tuncer et al., 2019

This retrospective study from Turkey on 137 patients with AA found that MPV val-
ues differed significantly among the study groups, which also included children with
familial Mediterranean fever and mesenteric lymphadenitis [19]. The study also investi-
gated the role of the neutrophil/lymphocyte ratio, the platelet/lymphocyte ratio, and the
lymphocyte/monocyte ratio.

• Oktay et al., 2020

This retrospective study was conducted in Turkey. It included 207 pediatric pa-
tients who were divided into three groups (non-AA, uncomplicated AA, and complicated
AA) [20]. The mean MPV was highest in the non-AA group, and there was a significant
difference in the MPV among the groups (p = 0.047). The study also analyzed the role of
WBC and the MPV/platelet count (PC) ratio.

• Sengul et al., 2020

This cross-sectional study from Turkey on 205 patients with AA and 30 negative
appendectomy patients found that MPV values did not significantly differ between the
groups [21]. The study also investigated the role of WBC, neutrophil count, lymphocyte
count (LC), the neutrophil/lymphocyte ratio (NLR), RDW, and CRP.

• Du et al., 2020

This prospective study from China was primarily aimed at studying the role of soluble
B7H3 (sB7H3) in AA and its accuracy as a predictor of the severity of appendicitis [22]. The
sample size included 92 patients with AA and 90 healthy controls. The study also showed
that the MPV values were significantly lower in AA as compared to healthy controls
(p < 0.001). The study also reported the values of other laboratory markers such as WBC,
RDW, CRP, platelet count, and platelet distribution width (PDW).

• Tartar et al., 2020

This retrospective study from Turkey on 186 children with confirmed AA showed no
significant difference in the MPV values (p = 0.536) between AA and non-AA groups [23].
The study also evaluated the role of other laboratory results like WBC, NLR, RDW, CRP,
and procalcitonin levels.

• Duman et al., 2022

This retrospective study was conducted in Turkey. The sample size included 254 patients
with AA, 197 with non-AA, and 150 controls [24]. The study found no significant difference
in the mean platelet volume (MPV) between the groups. Other markers investigated were
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the monocyte-to-lymphocyte ratio, the platelet-to lymphocyte ratio (PLR), the neutrophil-
to-lymphocyte ratio (NLR), WBC, neutrophil percentage, CRP, and sodium level.

• Dooki at al., 2022

This retrospective study was conducted in Iran [25]. A total of 100 patients (50 with
AA and 50 with non-AA) were studied. The study showed that the mean value of MPV
in children with non-AA was higher than in children with AA, and this difference was
significant (p < 0.001). Other markers investigated in this study include WBC, CRP, ESR,
and PMNs.

3.3. Methodological Quality Assessment

The Downs and Black scoring by two authors are depicted in Table 2. All studies had
a low risk of bias. The average Downs and Black scores for the included studies ranged
from 24–28. The studies by Tartar et al. and Tuncer et al. had the minimum and maximum
scores, respectively [19,23]. The inter-observer agreement was almost perfect (Kappa = 0.928,
p < 0.0001).

Table 2. Methodological assessment for the included studies by Observer 1 and Observer 2.

Study Reporting External Validity Internal
Validity-Bias

Internal Validity-
Confounding Power Total Scores

Methodological assessment by Observer 1

Bilici, 2011 [13] 11 3 4 4 5 27

Uyanik, 2012 [7] 10 3 5 4 5 27

Nazik, 2017 [14] 9 3 4 3 5 24

Yilmaz, 2017 [15] 11 3 4 4 5 27

Yazar, 2018 [16] 9 3 5 3 5 25

Nia, 2018 [17] 11 3 5 4 5 28

Bozlu, 2019 [18] 9 3 4 3 5 24

Tuncer, 2019 [19] 11 3 5 4 5 28

Oktay, 2020 [20] 11 3 5 4 5 28

Sengul, 2020 [21] 10 3 5 4 5 27

Du, 2020 [22] 9 3 5 3 5 25

Tartar, 2020 [23] 11 3 5 4 2 25

Duman, 2022 [24] 9 3 5 3 5 25

Dooki, 2022 [25] 9 3 4 3 5 24

Methodological assessment by Observer 2

Bilici, 2011 [13] 10 3 5 3 5 26

Uyanik, 2012 [7] 9 3 5 3 5 25

Nazik, 2017 [14] 9 3 5 3 5 25

Yilmaz, 2017 [15] 11 3 5 4 5 28

Yazar, 2018 [16] 9 3 5 3 5 25

Nia, 2018 [17] 10 3 5 4 5 27

Bozlu, 2019 [18] 9 3 5 3 5 25

Tuncer, 2019 [19] 11 3 5 4 5 28

Oktay, 2020 [20] 10 3 5 3 5 26

Sengul, 2020 [21] 9 3 5 3 5 25

Du, 2020 [22] 9 3 5 3 5 25

Tartar, 2020 [23] 10 3 5 3 2 23
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Table 2. Cont.

Study Reporting External Validity Internal
Validity-Bias

Internal Validity-
Confounding Power Total Scores

Duman, 2022 [24] 9 3 5 3 5 25

Dooki, 2022 [25] 9 3 5 3 5 25

Inter-Observer Agreement

Study Observer 1 Observer 2 Mean Kappa Value p-value

Bilici, 2011 [13] 27 26 26.5

0.928 <0.0001

Uyanik, 2012 [17] 27 25 26

Nazik, 2017 [14] 24 25 24.5

Yilmaz, 2017 [15] 27 28 27.5

Yazar, 2018 [16] 25 25 25

Nia, 2018 [17] 28 27 27.5

Bozlu, 2019 [18] 24 25 24.5

Tuncer, 2019 [19] 28 28 28

Oktay, 2020 [20] 28 26 27

Sengul, 2020 [21] 27 25 26

Du, 2020 [22] 25 25 25

Tartar, 2020 [23] 25 23 24

Duman, 2022 [24] 25 25 25

Dooki, 2022 [25] 24 25 24.5

3.4. Outcome Analysis
3.4.1. MPV Values in Children with AA Versus Healthy Controls

Six studies reported this outcome. The MPV values of a total of 922 patients with
acute appendicitis and 874 healthy controls were compared. The estimated heterogeneity
amongst the studies for this outcome was statistically significant (I2 = 98%, p < 0.00001).
Pooling the data (Figure 2) using random-effects model demonstrated no statistically
significant difference in the MPV values (Mean difference = −0.42, 95% CI = [−1.04, 0.20],
p = 0.19) between children with AA and healthy controls.
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3.4.2. MPV Values in Children with AA Versus Non-AA

Ten studies reported this comparison. The MPV values of a total of 1934 patients with
acute appendicitis and 983 NSAP were compared. The estimated heterogeneity amongst
the studies for this outcome was statistically significant (I2 = 59%, p = 0.008). Pooling
the data (Figure 3) using random-effects model demonstrated no statistically significant
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difference in the MPV values (Mean difference = 0.01, 95% CI = [−0.15, 0.17], p = 0.90)
between AA and non-AA.
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4. Discussion

Acute appendicitis presents challenges, and alternative methods for diagnostic verifi-
cation are ongoing. While severe appendicitis is treated by appendectomy, the treatment
choices for the mild disease remain pendent, and some cases may resolve without any inter-
vention [26]. It has been suggested that complicated and uncomplicated appendicitis are at
the very ends of the disease spectrum and may even be considered different diseases [27].
Especially in children, a significant proportion of patients presenting with lower abdominal
pain do not have AA. Nevertheless, those who have may progress to complicated appen-
dicitis rapidly, underlining the importance of correct diagnosis for appropriate treatment.
Thus, the diagnosis must be verified by methods with good sensitivity and high negative
predictive value without accompanying delay for accurate treatment initiation.

While radiological methods are improving, they are not without challenges. Computed
tomography has been validated in differentiating between complicated and uncomplicated
AA but entails ionizing radiation, which is to be avoided, especially in children [28].
Ultrasonography avoids the radiation exposure of CT but is not sufficient as the sole
diagnostic method in the differentiation of complicated versus uncomplicated AA [29].
The use of MRI presents with high sensitivity and specificity but entails costs and is not
universally available in centers that treat children with AA [30].

Several biomarkers can detect the humoral immune response to AA, but none of them
are qualitative enough to be utilized individually. To enhance the diagnostic accuracy of
AA without subsequent economic burden, we wanted to focus on the role of traditional
biomarkers. Whole blood cell count, especially erythrocyte-related measurements, has
raised interest and shown some promise in diagnosing AA. Inflammatory states influence
MPV levels, with increases usually found in chronic diseases and decreases seen in acute
conditions [31]. The MPV is influenced by cytokines such as interleukin (IL)-1 and IL-6,
but variations in platelet indices are more general markers of inflammation than specific
markers for AA. In this systematic review and meta-analysis, we aimed to evaluate the
utility of mean platelet volume for diagnostic purposes in AA. The results demonstrated
that MPV values did not present significant changes in either distinguishing AA from
healthy children or AA from non-specific abdominal pain. Fan et al. performed a systematic
review and meta-analysis on the correlation between AA and MPV and concluded that
MPV was lower in patients with AA [8]. Tullavardhana et al. looked at platelet indices in
AA in a meta-analysis and suggested that lower MVP values could function as a marker
of AA [32]. Shen et al. concluded in their meta-analysis that only MPV, but no other
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platelet indices, vary in AA cases [33]. In the subgroup analysis of the same study, MPV
levels seem to decrease in AA patients over 30 years of age, but this cohort was limited in
number [34]. These studies included patients of all ages in contrast to the present study.
After analyzing the selected 3796 children included in the current meta-analysis, we could
conclude that MPV does not demonstrate any utility in AA diagnostics in children. More
specifically, MPV did not improve diagnostic accuracy when comparing the values of
922 patients with AA and 874 healthy controls. Our results do not support the findings
of the previous meta-analysis [33], as no statistically significant decreases in MPV levels
could be detected in this cohort. The exact reason behind these contrasting results is not
known. It is noteworthy that methodological differences among the included studies and
inadequacies in sample processing may significantly hamper MPV measurements [34].
Both the meta-analyses (by Shen et al. and the current study) have highlighted substantial
heterogeneity among the studies included in them. Therefore, well-designed prospective
studies need to be conducted in the future.

Another finding in the current study was that MPV levels did not show any statistically
significant variations among 1934 patients with acute appendicitis and 983 NSAP. This
can be attributed to the non-specific decline in the levels of MPV in acute inflammatory
conditions. Therefore, it would not be unreasonable to hypothesize that children with
NSAP might have non-specific inflammatory conditions at the time of MPV measurement.

Antimicrobial therapy has been deemed safe and cost-effective in patients with con-
firmed uncomplicated appendicitis [35,36]. In children, antimicrobial therapy has also
proven safe, but long-term outcomes regarding cost-effectiveness are still underway [37].
Currently, most children with AA are still treated by appendectomy, which entails some
morbidity and costs. Early accurate diagnosis is essential to enable treatment options.

Previous research on the utility of biomarkers in diagnosing AA has failed to provide
a definitive indicator for a complicated course. No single biomarker has thus far been
identified, which would provide sufficient sensitivity and specificity for standalone use in
the diagnosis of AA. Along these lines, while MPV remains to raise interest in inflammatory
conditions, it fails to provide additional tools for diagnostic verification alongside clinical
suspicion. The clinician treating pediatric patients has many diagnostic alternatives to
use, and radiological findings frequently seem crucial. Combining a set of biomarkers
with radiological investigations and clinical parameters enhances diagnostic accuracy,
sensitivity, and specificity, but in younger patients, a consensus is still to be reached
regarding optimal diagnosis. Applied mathematics has been suggested as a complementary
tool for quick discrimination of complicated AA [38]. Given the current evidence regarding
diagnostic accuracy, clinical vigilance remains the mainstay for proper treatment choices in
pediatric AA. Clinical examination is limited by significant interobserver variability and
low specificity [39].

Complicated appendicitis defines an entity for further research. While complicated
appendicitis definitely entails perforated disease, it is not limited to that end. Interestingly,
the current literature fails to provide much insight into usable biomarkers for identifying
complicated diseases. Treatment alternatives for AA are a matter of intensive research and
debate, but more focus should be directed on diagnostic strength to enable proper treat-
ment decisions. Combining evidence from epidemiological, immunological, and molecular
genetic studies indicates that AA is to be considered at histopathological levels as a phleg-
monous vs. gangrenous disease [40–43]. The phlegmonous disease is thought to represent
viral disease and gangrenous AA of bacterial etiology [42]. Although the immunologic
reactions are stronger in gangrenous disease, at presentation, current biomarkers in clinical
use seem unable to distinguish between the two disease presentations of AA. Artificial
intelligence-based methods are under investigation for future discriminatory diagnostics,
but they will most probably need to be combined with current modalities [43].

The results of this study must be interpreted within the context of a few limitations.
First, most of the included studies had a retrospective study design. Second, a non-
uniform reporting of the outcomes was observed among the included studies. Third,
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significantly high heterogeneity was observed amongst these studies while evaluating the
outcomes. Fourth, being a non-specific marker of inflammation, MPV levels tend to rise in
all inflammatory conditions. Finally, rather than focusing on a single biomarker, further
studies must explore the combined sensitivity and specificity of a panel of biomarkers.

5. Conclusions

While MPV levels seem to have some utility in adults with AA, the present meta-
analysis results indicate that MPV levels should not dictate treatment options in pediatric
AA. There were no significant differences in MPV levels among children with AA versus
healthy controls and children with AA versus non-AA. However, due to the substantial
heterogeneity among the included studies, well-designed prospective studies need to be
conducted before any definite conclusions are drawn.
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