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Introduction: Acute appendicitis is one of the most common surgical emergencies worldwide. Clinical scoring
system systems have been developed to diagnose acute appendicitis, but insufficient to predict the complication.
The amount of serum biomarkers elevates in response to acute inflammation, which could be beneficial for
diagnostic tools. Accordingly, a meta-analysis was conducted to evaluate the efficacy of platelet indices,
including mean platelet volume (MVP) and platelet distribution width (PDW) as potential biomarkers for the
diagnosis of a diagnosis of acute appendicitis.

Material and methods: The dataset was defined by searching for articles published until December 2020 from
PubMed, EMBASE, Google Scholar and the Cochrane database. The meta-analysis was performed using Review
Manager Software version 5.4.1.

Results: The final analysis was made from 9 studies, including 3124 patients. The results demonstrated that lower
MPV values was significantly associated with acute appendicitis (odds ratio (OR) = 0.81, 95% confidence in-
terval (CI) = —1.51 to —0.11, P = 0.02), but not associated with complicated appendicitis by comparing it with
the control (OR = —0.13,95% CI = —0.33 to —0.07, P = 0.19) and non-complicated appendicitis groups (OR =
—0.13,95% CI = —0.30 to —0.04, P = 0.14). The present study failed to demonstrate the diagnostic value of PDW
for the prediction of appendicitis and its complication.

Conclusion: The results of the meta-analysis strongly indicate that a lower MVP values could function as a marker

for predicting the acute appendicitis.

1. Introduction

Acute appendicitis (AA) is one of the most common surgical emer-
gencies worldwide. The annual incidence of acute appendicitis is 9.4 per
10,000 people and is continuing to increase in newly industrialized
countries [1,2]. Urgent appendectomy within 24 h remains a part of
standard care for patients with acute appendicitis. Diagnosis and treat-
ment delays may be associated with the development of complicated
appendicitis, which increases postoperative complications and 30-day
mortality by up to 8% and 0.6%, respectively [3,4].

Several clinical scoring systems have been developed to diagnose
acute appendicitis with greater than 80% sensitivity and specificity
among high-risk patients, such as the Alvarado score, Appendicitis In-
flammatory Response (AIR) score, and RIPASA (Raja Isteri Pengiran
Anak Saleha Appendicitis) score. Nevertheless, the clinical scoring sys-
tem insufficiently diagnoses acute appendicitis and appears to be un-
reliable at differentiating between complicated and uncomplicated

disease [5-7].

Radiological methods include ultrasonography and computed to-
mography (CT) scans which have become valuable diagnostic tools.
Point of care ultrasound (POCUS) is preferable for initial investigations
and has a sensitivity and specificity for diagnosing AA of 91% and 97%,
respectively [8]. The low dose CT scan is effective as a standard dose in
diagnosing acute appendicitis with a sensitivity of 94% and 95%,
respectively. Hence, these methods are useful for the diagnosis of
complicated appendicitis [9]. However, the major limitations of these
examinations are their high cost and lack of availability in the majority
of rural hospitals in developing countries.

Complete blood count (CBC) is one of the most common basic lab-
oratory tests to determine inflammatory pathology. Leukocytosis and
the neutrophils shift to the left are associated with acute appendicitis.
The amount of several biomarkers elevate in response to acute inflam-
mation, including C-reactive, Neutrophil-Lymphocyte ratio (NL-ratio),
and Platelet-Lymphocyte ratio making them reliable tools in the
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identification of non-complicated and complicated appendicitis
[10-12].

Platelet indices play an important role in the response to systemic
inflammation and sepsis [13]. High inflammation activity increases the
activation, sequestration, and destruction of platelets which results in
the release of small platelets into the bloodstream [14]. Platelet indices
include mean platelet volume (MVP) and platelet distribution width
(PDW) which is a measurement of platelet size determined and deter-
mined through a routine complete blood count test. Therefore, the
reduction of MPV and PDW parameters may be used as a marker to
reflect the acute inflammation burden and disease severity for several
diseases, including rheumatoid arthritis acute pancreatitis and inflam-
matory bowel disease [15,16].

Although several studies report the usefulness of platelet indices in
the diagnosis of acute appendicitis, there has been a significant degree of
inconsistency in the findings of these studies. The present study conducts
a meta-analysis based on the published literature in an attempt to clarify
and evaluate the efficacy of platelet indices (MPV and PDW) as a po-
tential biomarker for a diagnostic test of acute appendicitis and
complications.

2. Material and methods
2.1. Data sources and search strategies

Electronic literature searches were performed on PubMed, Embase,
Google Scholar, and the Cochrane database. The search terms ‘platelet
indices’, ‘biomarkers’, ‘acute appendicitis’, and ‘complicated appendi-
citis” were used as keywords to identify all English-language studies
published through to December 2020 that evaluated the role of platelet
indices (MPV and PDW) as a biomarker in the diagnosis of acute
appendicitis and in the prediction of complicated appendicitis. Meta-
analysis was performed according to the PRISMA 2020 statement, a
guideline for reporting systematic reviews [17]. The quality of the
meta-analysis was assessed using the AMSTAR 2 criteria critical
appraisal tool for systematic reviews that include randomized or
non-randomized studies of healthcare interventions [18]. The protocol
of this meta-analysis was registered on Review Registry (Unique Iden-
tifying Number of reviewregistry1131) [19].

2.2. Study selection and eligibility criteria

The study inclusion criteria were as follows: (1) Studies published in
English; (2) Acute appendicitis proven by the pathologic diagnosis; (3)
Clarification of complicated appendicitis as gangrenous or perforated
appendicitis; (4) Clarification that the control group were patients with
non-diagnosis of acute appendicitis or normal appendix through oper-
ative or pathological findings; and (5) Measurement of platelet indices to
compare between control and non-complicated or complicated appen-
dicitis groups. The exclusion criteria were: (1) Non-English language
articles; (2) review articles; (3) studies involving pediatric patients (aged
< 15 years); and (4) no continuous variable data reported. The quality of
the studies included in the meta-analysis was further evaluated using the
Newcastle-Ottawa scale. The maximum possible score is 9 points which
represents the highest methodological quality [20].

2.3. Statistical analysis

The two reviewers independently extracted the following informa-
tion from the selected studies: Author names, country of origin, year of
publication, study design, number of patients, patient characteristics,
levels of MPV and PDW, and clinicopathologic diagnosis of acute
appendicitis. Extracted data was cross-checked to reach consensus and
then entered into a computerized spreadsheet for analysis.

Meta-analysis was performed using Review Manager software,
version 5.4.1 which was provided by the Cochrane Collaboration
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(Nordic Cochrane Center, Cochrane Collaboration, Copenhagen,
Denmark). Cochrane’s chi-square-based Q-statistic test was applied to
assess between-study heterogeneity. An I statistic was used to test for
heterogeneity between the included studies (p < 0.05 is considered for
significant heterogeneity).

The association between platelet indices (MPV and PDW) with the
diagnosis acute appendicitis and the prediction of complicated appen-
dicitis by comparing with the control group was analyzed using
continuous variable data (mean 4 SD) with inverse variant methods to
generate a pooled odds ratio (OR). The OR was considered statistically
significant at the p < 0.05 level and the 95% confidential interval (CI)
did not include the value 1.

The authors adopted the random-effects model, which is a more
conservative way to calculate ORs, assumes a high level of variety be-
tween studies, and uses a weighted average of the effects reported in
different studies to calculate levels of association. Publication bias was
assessed by visual examination of a funnel plot, while asymmetry was
formally assessed using both Egger’s linear regression test and the rank
correlation test (Begg’s test).

3. Results

The initial search identified a total of 101 potential articles. After
screening, nine articles that matched the researchers’ criteria were
deemed suitable for inclusion in the meta-analysis [21-29]. The PRISMA
diagram used in the search process is shown in Fig. 1. The two reviewers
showed 100% agreement with the final dataset. The pooled studies
included 3124 patients which was used to investigate the association
between the platelet indices (MPV, PDW) values with the diagnosis of
acute appendicitis by comparing acute appendicitis and complicated
appendicitis against control groups.

Patients with hematologic disorder and severe comorbidities such as
liver disease, heart failure, and peripheral vascular disease, which may
affect the levels of MPV and PDW, were excluded from all of the included
studies. Blood samples were obtained from the patient’s admission time
or within 24 h after diagnosis of acute appendicitis and drawn into tubes
containing EDTA or citrate to analyze complete blood count and platelet
indices using an automated hematologic analyzer. The Newcastle-
Ottawa scale found that all the studies included in the meta-analysis
were of moderate to good quality (6-8 stars). The characteristics of
the nine included studies are shown in Table 1.

3.1. Mean platelet volume (MPV) and the diagnosis of acute appendicitis

Seven studies [21-23,25,25,27,29] reported an association between
MPV and acute appendicitis, with a total of 2142 patients (1406 patients
[68%] in the acute appendicitis group and 736 patients [32%] in the
control group). Pooled analysis of the seven studies demonstrated that
the MPV among patients with acute appendicitis was significantly lower
than the control group (OR = —0.81,95% CI = —1.51 to —0.11, P =
0.02). There was significant heterogeneity between studies (12 = 97%, p
< 0.00001). A forest plot displaying the association between MPV and
diagnosis of acute appendicitis is illustrated in Fig. 2. Thus, the data was
analyzed with random effect models. No evidence of publication bias
was observed by either Egger’s test (P = 0.398) or the rank correlation
test (P = 0.652). A funnel plot of the meta-analysis shown symmetrical
distribution is illustrated in Fig. 3.

3.2. Mean platelet volume (MPV) and the prediction of complicated
appendicitis

Four studies [24,26-28] reported an association between MPV and
complicated appendicitis, with a total of 450 patients (235 patients
[52%] in the complicated appendicitis group and 215 patients [48%] in
the control group). The pooled analysis demonstrated that MPV
appeared to reduce in the complicated appendicitis group, but was not
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Fig. 1. Selection process of studies for inclusion in the meta-analysis.

significantly different (OR = —0.13,95% CI = —0.33 to —0.07, P = 0.19).
There was no evidence of heterogeneity between the study (I = 0%, p =
0.57) or publication bias (Egger’s test [P = 0.807] or the rank correla-
tion test [P = 0.734]) observed in this analysis.

Additional analysis was conducted with four observational studies
[24,26,28,29] that included 931 patients by comparing the MPV in
complicated (200 [21%] patients) and non-complicated appendicitis
group (731 [79%] patients). There was no significant difference be-
tween two patients groups (OR = —0.13,95% CI = —0.30 to —0.04, P =
0.14). Evidence of heterogeneity (I = 0%, p = 0.14) and publication
bias [Egger’s test (P = 0.949) or the rank correlation test (P = 1.000)]
was not observed.

3.3. Platelet distribution width (PDW) and the diagnosis of acute
appendicitis and prediction of complication

Three studies [22,26,27] with a total of 767 patients included 513
(67%) patents in the acute appendicitis group and 254 (33%) patients in

the control group. The pooled analysis did not demonstrate significant
difference in PDW between both patient groups (OR = 1.19,95% CI =
—0.59 - 2.97, P = 0.19). Significant heterogeneity between the studies
was found (I? = 98%, p < 0.0001). No evidence of publication bias was
identified by either Egger’s test (P = 0.744) or the rank correlation test
(P = 0.602).

Two studies [26,27] investigated the association between PDW and
complicated appendicitis which included 153 patients (59 [39%] pa-
tients in the complicated appendicitis group and 94 [61%] in the control
group). The pooled analysis demonstrates no significant difference in
PDW between the complicated appendicitis and control groups (OR =
—0.83,95% CI = —2.10 - 0.44, P = 0.20). Significant heterogeneity
between the studies was found (12 = 80%, p = 0.02).

The final analysis was conducted from two studies [26,27] which
included 353 patients (59 [17%] in the complicated appendicitis group
and 294 [83%] in the non-complicated appendicitis group). There was
no significant different in PDW in both groups (OR = —1.46, 95% CI =
—4.32 - 1.40, P = 0.32). Significant heterogeneity was detected (I> =
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Table 1
Characteristics of the 9 included studies included in the meta-analysis regarding the platelet indices and acute appendicitis.
Study Country  Year Study design Number of Mean age (years) Blood sample Platelet indices Matching Newcastle
patients obtained and Ottawa score
analysis
Albayrak  Turkey 2011 Retrospective study 432 - Appendicitis group: - At the time of Mean platelet a, b,cf 8
32,5 +15.1 admission volume (MPV)
- Control group: 35.5 + - Analysis within 2 h
14.7
Fan China 2015  Retrospective study 320 - Appendicitis group: - Blood obtained - Mean platelet a, b, de, f 8
45.6 + 19.6 time: Not available volume (MPV)
- Control group: 43.0 £+ - Analysis within 10 - Platelet
12.5 min distribution width
(PDW)
Erdem Turkey 2015  Retrospective study 200 - Appendicitis group: - Blood obtained Mean platelet a, b, f 7
33.6 £12.2 within 24 h of the volume (MPV)
diagnosis
- Control group: 30.8 +
9.7
Bozkurt Turkey 2015  Retrospective study 275 - Complicated - Not available - Mean platelet a, b, f 7
appendicitis group: 33 volume (MPV)
- Non-complicated
appendicitis group: 31
- Control group: 34
Yardimci  Turkey 2016  Retrospective study 513 - Appendicitis group: Mean platelet a, b, f 6
32.4 volume (MPV)
- Control group: 42.7
Boshnak Egypt 2017  Prospective non- 200 - Appendicitis group: - At the time of - Mean platelet a,b,cd, 8
randomised study 22.36 + 7.64 admission volume (MPV) e f
- Control group: 29.10 + - Analysis within1h - Platelet
16.33 distribution width
(PDW)
Yigit Turkey 2019  Retrospective study 322 - Appendicitis group: 32 - Blood obtained - Mean platelet a,b,d,e,f 8
+ 13 time: Not available volume (MPV)
- Control group: 32 + 14 - Analysis with 1 h - Platelet
distribution width
(PDW)
Birick Turkey 2019  Retrospective study 424 - Complicated - Not available - Mean platelet a,bef 8
appendicitis group: 35.9 volume (MPV)
+16.7
- Non-complicated
appendicitis group: 35.1
+13.3
- Control group: 32.9 +
11.7
Haghi Iran 2019  Retrospective study 438 - Mean age 26.5 + 13.9 - Not available - Mean platelet a, b, f 6

volume (MPV)

Abbreviations: a = age, b = sex, ¢ = time of blood obtained d = time of blood analysis, e = type of anticoagulant in collecting tube, f = pathologic diagnosis of
appendicitis, fL. = x 10°/L.

Acute appendicitis Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% Cl
Albayrak 2011 725 0.85 226 9.01 1.33 206 14.9% -1.76[-1.97,-1.55] -
Boshnak 2017 11.27 1 145 11.14 0.75 55 14.8%  0.13[-0.13,0.39] T
Erdem 2015 7.4 09 100 91 16 100 14.5% -1.70[-2.06,-1.34] —
Fan 2015 921 138 160 10.91 2.72 160 14.1% -1.70[-2.17,-1.23] —=—
Haghi 2019 838 096 154 9.52 1.06 75 14.7% -1.14[-1.42,-0.86] —
Yardimci 2016 9.3 8 413 85 0.9 101 12.7% 0.80[0.01, 1.59] L E—
Yigit 2019 7.78 112 208 7.89 132 39 14.2% -0.11[-0.55, 0.33] T
Total (95% CI) 1406 736 100.0% -0.81[-1.51,-0.11] el
Heterogeneity: Tau? = 0.85; Chi? = 182.65, df = 6 (P < 0.00001); I? = 97% _*2 _51 ) Il é

Test for overall effect: Z = 2.27 (P = 0.02) Acute appendicitis Control

Fig. 2. Forest plot of the association between MPV and diagnosis of acute appendicitis.
96%, p < 0.00001). A summary of the association between platelet

indices (MPV and PDW) and the diagnosis of acute appendicitis and
prediction of complicated appendicitis is illustrated in Table 2.

worldwide. Normal histopathologic findings of the appendix (negative
appendectomy) reported an incidence of 8.47-9.5% which may increase
mortality by up to 1.93% in male patients [30]. In addition, the most
common mistaken diagnoses are typically correlated with young fe-
males with gynecological conditions (25-64.3%) [31]. Evaluating pa-
tients with the clinical scoring system may lower the negative
appendectomy rate to 6.84% [32]. In an attempt to avoid unnecessary

4. Discussion

Appendectomy is the most common emergency surgical operation
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Fig. 3. Funnel plot of the association between MPV and diagnosis of acute
appendicitis.

appendectomy, serum biomarkers such as C-reactive protein and the
Neutrophils-lymphocyte ratio was incorporated with the clinical scoring
system to improve diagnosis accuracy.

Platelet indices consist of the mean platelet volume (MVP) and
platelet distribution width (PDW) is a biomarker of platelet activation,
which is inexpensive, comfortable, and can be rapidly measured by an
automated hematology analyzer.

Interleukin-6 (IL-6) is excreted during the inflammatory period in
acute abdominal pain such as AA and ovarian torsion which may
contribute to platelet sequestration and destruction, leading to activa-
tion of megakaryocytes in the bone marrow to release young platelets
into circulation. Thus, large platelets should be found in the early in-
flammatory phase, then the progression into the late phase of sepsis.
Meanwhile, small-sized platelets should be detected in CBC analysis and
indicate complicated intrabdominal infection. This finding may lead to
low sensitivity of MPV and PDW in the diagnosis of AA in some previous
studies [33,34].

The meta-analysis results investigated whether MVP and PDW are
biomarkers for the diagnosis of acute appendicitis and the prediction of
complicated appendicitis. The results demonstrate that MPV is signifi-
cantly lower among acute appendicitis groups compared to control
groups. Similar to Ceylan et al. the MPV value significantly decreased in
non-complicated appendicitis subjects with a cutoff level of 9.9500 x
10° L, in which sensitivity and specificity were 59.0% and 59.5%,
respectively [35]. Shen et al reported the association between
decreasing MPV value which was associated with acute appendicitis
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(SMD — 0.34;95% CI — 0.56 to — 0.12; P = 0.003). However, the level of
MPYV also decreased in non-complicated appendicitis patients, but the
interpretation of this finding may be limited by the positive results from
small sample studies [36]. This evidence supports the efficacy of MPV as
a biomarker for the diagnosis of acute appendicitis.

Nevertheless, the results of the present study fail to demonstrate the
diagnostic value of MPV for the prediction of complicated appendicitis.
There appears to be lower MPV values among complicated appendicitis
groups, but not at a significant degree of difference from the control and
non-complicated appendicitis groups. This finding could be explained
by: 1) The severity of inflammation and sepsis; 2) Timing of blood
samples obtained; and 3) Only three of the nine included studies [23,26,
29] excluded patients with a history of blood transfusion and use of
anti-coagulants or non-steroidal anti-inflammatory drugs (NSAIDS)
which can affect platelet morphology and function.

During the early phase of inflammation, large platelets are released
from the bone marrow. The progression of the high-grade inflammatory
activity resulted in the large platelets get sequestrated and destroyed in
the inflammatory zone, and small platelets become dominant.

Furthermore, MPV may enlarge during the sepsis period due to
platelet activation instead of increasing the production of young plate-
lets from megakaryocytes which takes time [26,37,38].

In contrast to the association between MPV and acute appendicitis,
the pooled analysis of recent literature demonstrates that PDW has no
diagnostic value in acute appendicitis and is unable to predicts its
complication. Fan et al. described that increasing PDW at the cut-off
level 15.1 x 10°/L should be a valuable diagnostic marker of acute
appendicitis with a 76.3% sensitivity and 93.1% specificity [22]. The
difference between studies can be described as: 1) Patient comorbidities
- chronic disease that may affect platelet morphology such as obesity,
hypertension, smoking, and hyperlipidemia; and 2) Pre-analytical fac-
tors - anticoagulant in collecting tubes used for blood samplings may
affect the platelet morphology (EDTA-induced platelets swelling, citrate
induced platelet shrinkage) may lead to unreliable outcomes [39,40].

The results of the present study were somewhat complicated since
significant heterogeneity was identified in the meta-analysis of the as-
sociation between MPV and PDW with the diagnosis of acute appendi-
citis and PDW with complicated appendicitis. The heterogeneity
observed in the meta-analysis can be explained by: 1) Differentiation in
the patient exclusion criteria for each study; 2) Timing of blood samples
obtained varied from patients presenting time to within 24 h after
diagnosis; 3) Waiting time for blood analysis varied from 10 min to 2 h;
and 4) The disparity of hematology analyzers and the reference values of
each study. Additionally, the data was adjusted to mimic the heteroge-
neity in the analysis of MPV and complicated appendicitis and adopted a

Table 2
The result of the meta-analyses of the association between platelet indices (MPV and PDW) and the diagnosis of acute appendicitis and prediction of complicated
appendicitis.
Comparison Number of n Odds 95% confidential P Heterogeneity Egger’s Rank-
studies Ratio interval value between the study test correlation
test
Mean platelet volume (MPV) for prediction of 4 450 -0.13 —0.33--0.07 0.19 12 = 0%, p =0.57 P= P =0.734
complicated appendicitis: comparison with control 0.807
group
Mean platelet volume (MPV) for prediction of 4 931 —0.13 —0.30——0.04 0.14 2= 0%, p =0.14 P= P =1.000
complicated appendicitis: comparison with non- 0.949
complicated appendicitis group
Platelet distribution width (PDW) for the diagnosis of 3 767 1.19 —0.59 - 2.97 0.19 12 =98%, p < = P = 0.602
acute appendicitis 0.0001° 0.744
Platelet distribution width (PDW) or prediction of 2 153  -0.83 —2.10-0.44 0.20 12 = 80%, p = 0.02" N/A N/A
complicated appendicitis: comparison with control
group
Platelet distribution width (PDW) or prediction of 2 353 —1.46 —4.32-1.40 0.32 12 = 96%, p< N/A N/A
complicated appendicitis: comparison with non- 0.00001°

complicated appendicitis group

# Statistical significant, N/A = Not available.
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random-effects model to calculate the OR in order to compensate this
effect for a more conservative result.

The major limitations of the present study include several potential
sources of publication bias, for instance the inclusion of only English
language publications, studies that indicate continuous variable out-
comes may lead to missing relevant articles, and only observational
retrospective studies were considered. Finally, most of the patients in
this analysis were from Asian populations and does not represent a
global clinicopathological correlation between platelet indices and
acute appendicitis. Nonetheless, evidence of publication bias was not
observed from the Egger’s linear regression test and rank correlation test
results.

5. Conclusion

This study demonstrates that lower MPV values can have a signifi-
cant role in the diagnosis of acute appendicitis, but failed to determine
severity. The researchers suggest the use of MPV as a biomarker along
with the clinical scoring system in patients with suspected acute
appendicitis for greater diagnostic accuracy. Nevertheless, PDW was not
found to be useful as a diagnostic marker and prediction of complicated
appendicitis.

Provenance and peer review

Not commissioned, externally peer-reviewed.

Presentation at a meeting

No.

Author contribution

Tullavardhana Thawatchai: Concepts, Design, Definition of intel-
lectual content, Literature search, Clinical studies, Data analysis, Sta-
tistical analysis, Manuscript review, Guarantor, Sanguanlosit Sarat:
Design, Definition of intellectual content, Literature search, Data
acquisition, Statistical analysis, Manuscript preparation, Manuscript
review, Guarantor, Chartkitchareon Anuwat: Definition of intellectual
content, Literature search, Data acquisition, Data analysis, Manuscript
editing.

Sources of funding

The study received grant supports from Srinakharinwirot University,
Thailand

Ethical approval

This study is a systematic review and meta-analysis: no need for
ethical approval.

Registration of research studies

Name of the registry: THAWATCHAI TULLAVARDHANA.

Unique Identifying number or registration ID: reviewregistry1131.

Hyperlink to your specific registration (must be publicly accessible
and will be checked): https://www.researchregistry.com/browse-the-re
gistry#registryofsystematicreviewsmeta-analyses/registryofsystemati
creviewsmeta-analysesdetails/60744d3e348b8b001c745bfa/

Guarantor

Associated Professor Thawatchai Tullavardhana.

Annals of Medicine and Surgery 66 (2021) 102448

Declaration of competing interest
The authors declare no conflicts of interest.
Acknowledgement

The authors thank the surgical staff at the Department of Surgery,
Faculty of Medicine, Srinakharinwirot University, for the acquisition of
data.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.amsu.2021.102448.

References

[1] M.T. Buckius, B. McGrath, J. Monk, R. Grim, T. Bell, V. Ahuja, Changing
epidemiology of acute appendicitis in the United States: study Period 1993e2008,
J. Surg. Res. 175 (2012) 185e190.

[2] M. Ferris, S. Quan, B.S. Kaplan, N. Molodecky, C.G. Ball, G.W. Chernoff, et al., The
global incidence of appendicitis: a systematic review of population-based studies,
Ann. Surg. 266 (2) (2017) 237-241.

[3] E.A. Alore, J.L. Ward, S.R. Todd, C.T. Wilson, S.D. Gordy, M.K. Hoffman, et al.,
Population-level outcomes of early versus delayed appendectomy for acute
appendicitis using the American college of surgeons national surgical quality
improvement program, J. Surg. Res. 229 (2018) 234-242.

[4] A.Bhangu, K. Sgreide, S. Di Saverio, J.H. Assarsson, F.T. Drake, Acute appendicitis:
modern understanding of pathogenesis, diagnosis, and management, Lancet 26
(10000) (2015) 1278-1287, 386.

[5] S. Di Saverio, M. Podda, B. De Simone, M. Ceresoli, G. Augustin, A. Gori, et al.,
Diagnosis and treatment of acute appendicitis: 2020 update of the WSES Jerusalem
guidelines, World J. Emerg. Surg. 15 (1) (2020) 27.

[6] S.M.M. de Castro, Unlii, C, E.P. Steller, B.A. van Wagensveld, B.C. Vrouenraets,
Evaluation of the appendicitis inflammatory response score for patients with acute
appendicitis, World J. Surg. 36 (2012) 1540-1545.

[7] M.U. Malik, T.M. Connelly, F. Awan, F. Pretorius, C. Fiuza-Castineira, O. El Faedy,
et al., The RIPASA score is sensitive and specific for the diagnosis of acute
appendicitis in a western population, Int. J. Colorectal Dis. 32 (4) (2017) 491-497.

[8] J. Matthew Fields, J. Davis, C. Alsup, A. Bates, A. Au, S. Adhikari, et al., Accuracy
of point-of-care ultrasonography for diagnosing acute appendicitis: a systematic
review and meta-analysis, Acad. Emerg. Med. 24 (9) (2017) 1124-1136.

[9] B. Rud, T.S. Vejborg, E.D. Rappeport, J.B. Reitsma, P. Wille-Jgrgensen, Computed
tomography for diagnosis of acute appendicitis in adults, Cochrane Database Syst.
Rev. 2019 (11) (2019) CD009977.

[10] A. Zani, W.J. Teague, S.A. Clarke, M.J. Haddad, S. Khurana, T. Tsang, et al., Can
common serum biomarkers predict complicated appendicitis in children? Pediatr.
Surg. Int. 33 (7) (2017) 799-805.

[11] M.E. Kelly, A. Khan, M. Riaz, C. Bolger J, F. Bennani, W. Khan, et al., The utility of
neutrophil-to-lymphocyte ratio as a severity predictor of acute appendicitis, length
of hospital stay and postoperative complication rates, Dig. Surg. 32 (2015)
459-463.

[12] B. Celik, H. Nalcacioglu, M. Ozcatal, Y. Altuner Torun, Role of neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte ratio in identifying complicated
appendicitis in the pediatric emergency department, Ulus Travma Acil Cerrahi
Derg 25 (3) (2019 May) 222-228.

[13] Y. Beyazit, A. Sayilir, S. Torun, B. Suvak, Y. Yesil, T. Purnak, et al., Mean platelet
volume as an indicator of disease severity in patients with acute pancreatitis, Clin.
Res. Hepatol. Gastroenterol. 36 (2012) 162-168.

[14] S. Danese, C. de la Motte, C. Fiocchi, Platelets in inflammtory bowel disease:
clinical, pathogenic, and therapeutic implications, Am. J. Gastroenterol. 99 (5)
(2004) 938-945.

[15] Y. Beyazit, A. Sayilir, S. Torun, B. Suvak, Y. Yesil, T. Purnak, et al., Mean platelet
volume as an indicator of disease severity in patients with acute pancreatitis, Clin.
Res. Hepatol. Gastroenterol. 36 (2) (2012) 162-168.

[16] A.N. Kapsoritakis, M.I. Koukourakis, A. Sfiridaki, S.P. Potamianos, M.

G. Kosmadaki, I.E. Koutroubakis, et al., Mean platelet volume: a useful marker of
inflammatory bowel disease activity, Am. J. Gastroenterol. 96 (3) (2001) 776-781.

[17] M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow,
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews, Int. J. Surg. 88 (2021) 105906, https://doi.org/10.1016/j.
ijsu.2021.105906.

[18] B.J. Shea, B.C. Reeves, G. Wells, M. Thuku, C. Hamel, J. Moran, D. Moher,

P. Tugwell, V. Welch, E. Kristjansson, D.A. Henry, Amstar 2: a critical appraisal
tool for systematic reviews that include randomised or non-randomised studies of
healthcare interventions, or both, BMJ 358 (2017) j4008.

[19] Research registry, Registry of systematic reviews/Meta-analysis [Internet]. 2021
[cited 2021 May 15]. Available from : https://www.researchregistry.com/browse
-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicrevie
wsmeta-analysesdetails/60744d3e348b8b001c745bfa/.


https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/60744d3e348b8b001c745bfa/
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/60744d3e348b8b001c745bfa/
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/60744d3e348b8b001c745bfa/
https://doi.org/10.1016/j.amsu.2021.102448
https://doi.org/10.1016/j.amsu.2021.102448
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref1
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref1
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref1
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref2
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref2
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref2
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref3
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref3
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref3
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref3
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref4
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref4
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref4
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref5
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref5
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref5
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref6
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref6
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref6
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref7
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref7
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref7
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref8
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref8
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref8
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref9
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref9
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref9
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref10
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref10
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref10
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref11
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref11
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref11
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref11
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref12
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref12
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref12
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref12
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref13
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref13
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref13
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref14
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref14
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref14
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref15
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref15
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref15
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref16
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref16
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref16
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.1016/j.ijsu.2021.105906
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref18
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref18
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref18
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref18
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/60744d3e348b8b001c745bfa/
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/60744d3e348b8b001c745bfa/
https://www.researchregistry.com/browse-the-registry#registryofsystematicreviewsmeta-analyses/registryofsystematicreviewsmeta-analysesdetails/60744d3e348b8b001c745bfa/

T. Tullavardhana et al.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

G. Wells, B. Shea, D. O’Connell, J. Peterson, V. Welth, M. Losos, et al., The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies
in Meta-Analyses, Ottawa Health Research Institute, Ottawa (ON), 2010.

Y. Albayrak, A. Albayrak, F. Albayrak, R. Yildirim, B. Aylu, A. Uyanik, et al., Mean
platelet volume: a new predictor in confirming acute appendicitis diagnosis, Clin.
Appl. Thromb. Hemost. 17 (4) (2011) 362-366.

Z.Fan, J. Pan, Y. Zhang, Z. Wang, M. Zhu, B. Yang, et al., Mean platelet volume and
platelet distribution width as markers in the diagnosis of acute gangrenous
appendicitis, Dis. Markers 2015 (2015) 542013.

H. Erdem, R. Aktimur, S. Cetinkunar, E. Reyhan, C. Gokler, O. Irkorucu, et al.,
Evaluation of mean platelet volume as a diagnostic biomarker in acute
appendicitis, Int. J. Clin. Exp. Med. 8 (1) (2015) 1291-1295.

S. Bozkurt, A. Kose, S. Erdogan, G.I. Bozali, C. Ayrik, R.B. Arpaci, et al., MPV and
other inflammatory markers in diagnosing acute appendicitis, J. Pakistan Med.
Assoc. 65 (6) (2015 Jun) 637-641.

S. Yardimei, M.U. Ugurlu, M. Cogkun, W. Attaallah, S.C. Yegen, Neutrophil-
lymphocyte ratio and mean platelet volume can be a predictor for severity of acute
appendicitis, Ulus Travma Acil Cerrahi Derg 22 (2) (2016) 163-168.

N. Boshnak, M. Boshnaq, H. Elgohary, Evaluation of platelet indices and red cell
distribution width as new biomarkers for the diagnosis of acute appendicitis,

J. Invest. Surg. 31 (2) (2018) 121-129.

Y. Yigit, S. Yilmaz, A.E. Ozbek, O. Karakayali, B. Cetin, H.C. Halhalli, Can platelet
indices reduce negative appendectomy rates? Cureus 11 (3) (2019), e4293.

S. Biricik, H. Narc1, G.A. Diindar, C. Ayrik, M.O. Tiirkmenoglu, Mean platelet
volume and the ratio of mean platelet volume to platelet count in the diagnosis of
acute appendicitis, Am. J. Emerg. Med. 37 (3) (2019) 411-414.

A.R. Haghi, P. Pourmohammad, M.A.S. Rabiee, Accuracy of mean platelet volume
(MPV) and red cell distribution width (RDW) for the diagnosis of acute
appendicitis: evaluation of possible new biomarkers, Adv J Emerg Med 4 (2)
(2019), e20.

S.A. Seetahal, O.B. Bolorunduro, T.C. Sookdeo, T.A. Oyetunji, W.R. Greene,

W. Frederick, et al., Negative appendectomy: a 10-year review of a nationally
representative sample, Am. J. Surg. 201 (4) (2011) 433-437.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Annals of Medicine and Surgery 66 (2021) 102448

Y.F. Alhamdani, H.A. Rizk, M.R. Algethami, A.M. Algarawi, R.H. Albadawi, S.

N. Faqih, et al., Negative appendectomy rate and risk factors that influence
improper diagnosis at king abdulaziz university hospital, Mater Sociomed 30 (3)
(2018) 215-220.

A.H. Shera, F.A. Nizami, A.A. Malik, Z.A. Naikoo, M.A. Wani, Clinical scoring
system for diagnosis of acute appendicitis in children, Indian J. Pediatr. 78 (3)
(2011) 287-290.

B. Uyanik, C. Kavalci, E.D. Arslan, F. Yilmaz, O. Aslan, S. Dede, et al., Role of mean
platelet volume in diagnosis of childhood acute appendicitis, Emergency Med. Int.
(2012) 4. Article ID 823095.

M. Zangene, A. Ashoori Barmchi, M. Rezaei, F. Veisi, The comparison between the
serum level of interleukin-6 in women with acute ovarian torsion and other causes
of lower abdominal pain, J. Obstet. Gynaecol. 37 (2) (2017) 223-227.

B. Ceylan, T. Aslan, A. Cinar, A. Ruhkar Kurt, Y. Akkoyunlu, Can platelet indices be
used as predictors of complication in subjects with appendicitis? Wien Klin.
Wochenschr. 128 (Suppl 8) (2016) 620-625.

G. Shen, S. Li, Z. Shao, et al., Platelet indices in patients with acute appendicitis: a
systematic review with meta-analysis [published online ahead of print, 2021 Jan
13] [published correction appears in Updates Surg. 2021 Feb 22;:], Updates Surg
(2021), https://doi.org/10.1007/s13304-020-00928-x.

A.Y. Gasparyan, L. Ayvazyan, D.P. Mikhailidis, G.D. Kitas, Mean platelet volume: a
link between thrombosis and inflammation? Curr. Pharmaceut. Des. 17 (1) (2011)
47-58.

S. Danese, Cd Motte, L. Cde, C. Fiocchi, Platelets in inflammatory bowel disease:
clinical, pathogenic, and therapeutic implications, Am. J. Gastroenterol. 99 (5)
(2004) 938-945.

Varol, Ercan Many confounding factors can affect mean platelet volume in
euthyroid Hashimoto’s thyroiditis patients, Blood Coagul. Fibrinolysis 26 (6)
(2015) 714-715.

A. Leader, D. Pereg, M. Lishner, Are platelet volume indices of clinical use? A
multidisciplinary review, Ann. Med. 44 (8) (2012) 805-816.


http://refhub.elsevier.com/S2049-0801(21)00398-8/sref20
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref20
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref20
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref21
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref21
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref21
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref22
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref22
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref22
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref23
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref23
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref23
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref24
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref24
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref24
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref25
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref25
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref25
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref26
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref26
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref26
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref27
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref27
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref28
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref28
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref28
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref29
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref29
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref29
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref29
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref30
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref30
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref30
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref31
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref31
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref31
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref31
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref32
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref32
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref32
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref33
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref33
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref33
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref34
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref34
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref34
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref35
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref35
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref35
https://doi.org/10.1007/s13304-020-00928-x
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref37
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref37
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref37
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref38
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref38
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref38
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref39
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref39
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref39
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref40
http://refhub.elsevier.com/S2049-0801(21)00398-8/sref40

	Role of platelet indices as a biomarker for the diagnosis of acute appendicitis and as a predictor of complicated appendici ...
	1 Introduction
	2 Material and methods
	2.1 Data sources and search strategies
	2.2 Study selection and eligibility criteria
	2.3 Statistical analysis

	3 Results
	3.1 Mean platelet volume (MPV) and the diagnosis of acute appendicitis
	3.2 Mean platelet volume (MPV) and the prediction of complicated appendicitis
	3.3 Platelet distribution width (PDW) and the diagnosis of acute appendicitis and prediction of complication

	4 Discussion
	5 Conclusion
	Provenance and peer review
	Presentation at a meeting
	Author contribution
	Sources of funding
	Ethical approval
	Registration of research studies
	Guarantor
	Declaration of competing interest
	Acknowledgement
	Appendix A Supplementary data
	References


