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1. Introduction

Objective: To investigate the diagnostic value of platelet parameters in acute appendicitis.
Methods: This retrospective case-controlled study was performed among 200 healthy people
and 200 patients with a primary diagnosis of acute appendicitis between October 2017 and
June 2018. The patients were classified into three groups: the acute complicated appendicitis
(suppurative and gangrenous) group, acute non-complicated appendicitis group and the control
group. Red blood cell, white blood cell, lymphocyte, monocyte and platelets count, red blood
cell distribution width, hemoglobin, hematocrit, mean platelet volume, platelet distribution
width, and C-reactive protein were compared between the groups.

Results: Thirty-nine (19.5%) patients with acute appendicitis had no complication and 161
(80.5%) developed a complication. The white blood cell count, neutrophil count and C-reactive
protein serum levels were significantly higher, whereas the mean age, lymphocyte count,
monocyte count, red blood cell distribution width and platelet count were significantly lower in
acute appendicitis patients with and without complications compared with the control group.
Moreover, combined analysis of best diagnostic parameters (white blood cell, neutrophil and
lymphocyte counts) showed that combined parallel sensitivity and specificity were 98.7% and
42.7%, respectively.

Conclusions: White blood cell, lymphocyte counts and neutrophil count could be used for
diagnosis of acute appendicitis. More over the utility of mean platelet volume for differential
diagnosis might be overestimated.

and neglect of the predictive values of related laboratory systems[31.
Rapid and accurate diagnosis is crucial because delayed diagnosis

of appendicitis increase risk of perforation in acute appendicitis,

Acute appendicitis (AA) is the most usual surgical reason for
exigency laparotomy with approximate occurrence as 7%[11.
Even experienced surgeons sometimes find it hard to diagnose
appendicitis, as demonstrated by the high rate of negative finding
during appendectomy, which commonly reaches 20% to 30%I2].
This is mainly due to lack of pathognomonic signs or symptoms
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thereby potentially resulting in sepsis and even death[4].
Imaging modalities such as ultrasound, computerized tomography,

as well as diagnostic laparoscopy and modern laboratory tests have
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been more and more used to provide a fast and precise diagnosis[5].
Therefore, easily enforceable, widely available, time-saving and
inexpensive new laboratory methods that can be exerted anywhere
are necessary for the diagnosis of AA[6].

The complete blood count (CBC) with differential is a frequently
requested test in clinical laboratories. Considerable amount of
literature has been published on the accuracy of AA detection. These
studies investigated many laboratory parameters, including red
redistribution width (RDW)[4], platelet distribution width (PDW)[6],
neutrophil-to lymphocyte ratio[7], platelets count (PLT)[8] and mean
platelet volume (MPV)[4.6].

PLT, MPV and PDW are three CBC parameters related to
platelets[9]. Full blood count analyzers show MPV as the main factor
to determine platelet activity[10]. Inflammatory effect of MPV has
been proven in several disease such myocardial infarction, acute
pancreatitis, and pre-eclampsiall1-13]. PDW is an index of platelet
heterogeneity, which would be an indication of active platelet
release. Recent work by Dinc e: al.[14] has suggested the PDW as a
new index in the diagnosis of AA.

There are very few studies investigating the supporting role of
platelet function parameters in cases of AA and the results of these
experiments are very controversial. The purpose of this study was
to investigate the diagnostic significance of platelet parameters
including PLT, MPV and PDW in AA.

2. Patients and methods

2.1. Patients

Due to the retrospective nature of this study ethics committee
approval was waived. The informed patient consent was waved by
obtaining authorization from institutional review board committee.
The retrospective analysis was performed during October 2017 to
June 2018.

The control group was composed of 200 healthy persons who
applied to check-up clinic. A total of 200 patients were diagnosed
with AA according to abdominal examination findings, and/or
based on the general clinical detection and symptoms of right lower
quadrant or periumbilical pain, migration of pain to the right iliac
fossa, nausea/vomiting, anorexia, and fever. The inclusion criteria
were: patients had confirmed pathological diagnosis as AA. The
exclusion criteria were described as follows: having infectious
disease (acute or chronic), heart failure, comorbid conditions (e.g.
cancer, respiratory, cardiac, endocrine, renal, and vascular disease,
cancer, eic.), idiopathic thrombocytopenic purpura, peripheral
vascular disease, using persistent medication (analgesics, oral
contraceptives, antimetabolites, etc.), asthma, hematological
disorders, chronic obstructive pulmonary disease, cancer, diabetes,
rheumatologic disorder, atherosclerotic disease, renal and hepatic
diseases.

Histologically, the appendices were divided into 3 groups. Group

1 consisted of 39 patients with acute non-complicated appendicitis,
group 2 included 161 acute complicated appendicitis patients, while
group 3 involved 200 healthy persons. Complicated appendicitis was
described as gangrenous and/or suppurative appendicitis and non-

complicated appendicitis was defined as simple AA.

2.2. Data collection and test

The patients were evaluated for age, gender, white blood cell
(WBC) count, lymphocyte count, neutrophil count, monocyte count,
PLT, PDW, MPV, RDW, and serum CRP level. All blood samples
were obtained from the venous system and collected in potassium
ethylenediaminetetraacetate tubes via the cephalic vein and assayed
using an automated blood cell counter (Sysmex XT 1800 I, Japan).

2.3. Sensitwity and specificity value

The sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of these tests were also determined.

Through Pearson’s correlation analysis, inter-correlations between
parameters were calculated. The area under the receiver operating
characteristic (ROC) curve was used to calculate the sensitivity,
specificity, cut-off points, positive and negative predictive values
and likelihood ratios. The confidence interval (CI) was set at 95%
and P value < 0.05 was considered statistically significant. The cut-
off point of MPV in our study was 7.6 FL. The reference values
were (4-10)x1 000/mm’ for WBC, (12-18) g/dL for hemoglobin
(Hb), 40%-70% for neutrophil, (140-440)x1 000/mm® for PLT,
11%-16% for RDW, 8.5-12.5 FL for the MPV, 10-17 FL for the
PDW, 17%-45% for platelet larger cell ratio and 36%-50% for the
hematocrit. Besides, the sensitivity and specificity of combined tests
which showed most area under curve was calculated with parallel
method[15,16].

2.4. Statistical analysis

All analyses were performed using SPSS, version 20. Descriptive
qualitative data were described as numbers and percentage values,
while all quantitative parameters were expressed as mean scores,
standard deviations, ranges, and medians with interquartile ranges
(IQR). The Kolmogorov-Smirnov test was applied to evaluate normal
distribution. Moreover, Chi-square test was conducted to compare
qualitative data followed by independent ¢-test. The nonparametric
data were compared by using the Mann-Whitney test. In addition,
comparisons of quantitative variables with parametric distribution
were done by the one-way analysis of variance and nonparametric

multiple comparisons were carried out by the Kruskal-Wallis test.

3. Results

Of these AA patients, 117 (58.5%) were males and 83 (41.5%)
were females, with a male to female ratio of 1.4:1. The age varied
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Table 1. Main characteristic and complete blood count data.
Parameters Acute noncomplicate appendicit Acute complicate appendicit Controls P, P, P;
(n=39) (n=161) (n=200)

Age (years) 25.76+14.24 26.75+15.48 43.64+18.05 NS <0.001  <0.001
Gender

Male [n (%)] 20(51.3) 97 (60.2) 92 (46.0) NS NS 0.007

Female [n (%)] 19 (48.7) 64 (39.8) 108 (54.0)
WBC count (x10°/L) [Median (IQR)] 11.3 (8.1-15.0) 13.4 (10.60-15.45) 8.3 (6.60-9.88) 0.014  <0.001 <0.001
RBC (x10°/pL) 4.85+0.62 4.85+0.56 4.8+0.54 NS NS NS
Het (%)[Median (IQR)] 39.4 (35.9-43.5) 39.3(36.9-43.1) 40.2 (37.32-43.40) NS NS NS
Hb [Median (IQR)] 13.6 (11.8-15.4) 13.6 (12.5-14.8) 13.6 (12.62-14.78) NS NS NS
PLT [Median (IQR)] 221 (196.00-267.00) 224 (187.00-265.00) 241 (205.00-282.75) NS NS 0.005
MPV [Median (IQR)] 9.8 (9.20-10.30) 9.5 (8.8-10.2) 9.7 (9.02-1027.00) 0.092 NS NS
PDW [Median (IQR)] 11.9 (11.20-13.60) 11.8 (10.70-12.95) 11.8 (10.70-13.47) NS NS NS
PLRC [Median (IQR)] 24.7 (18.60-28.10) 21.9 (17.10-27.60) 23.55(18.55-28.57) NS NS 0.05
RDW [Median (IQR)] 13.2 (12.7-14.1) 13.0 (12.6-13.5) 13.5 (12.9-14.5) NS NS <0.001
Neutrophil [Median (IQR)] 70.8 (64.00-79.00) 80.0 (75.00-86.00) 61.9 (54.35-71.00)  <0.001 0.001  <0.001
Lymphocyte [Median (IQR)] 22.0 (15.90-28.00) 12.0 (9.50-18.00) 28 3(19.60-34.37)  <0.001 0.004  <0.001
Mono [Median (IQR)] 7(5.3-8.0) 6 (4.0-8.0) .3(6.0-9.1) 0.095 0074  <0.001
CRP

Positive [n (%)] 21 (61.8) 103 (69.6) 36 (24.0) NS <0.001 <0.001

Negative [n (%)] 13 (38.2) 45 (30.4) 114 (76.0)

WBC: white blood cell; RBC; red blood cell; Het; hematocrit; Hb: hemoglobin; PLT: platelet; MPV: mean platelet volume; PDW: platelet distribution width;
PLRC: Platelet large cell ratio; RDW: red blood cell distribution width; Mono: monocyte; CRP: C-reactive protein. P;: Comparison between acute noncomplicate
appendicit and acute complicate appendicit group; P,: Comparison between acute noncomplicate appendicit and the controls; P;: Comparison between acute
complicate appendicit and the controls.

Table 2. Diagnostic value analysis for significant different data between appendicitis patients and control group.

Parameter AUC Cut—off Sensitivity (%)  Specificity (%) PPV NPV LR" LR™

WBC 0.811 9.865 74.1 75.4 0.748 0.746 3.036 0.335
PLT 0.583 2325 60.3 56.1 0.586 0.578 1.373 0.707
RDW 0.639 13.15 63.8 58.1 0.617 0.603 1.522 0.623
Neutrophil 0.812 71.9 71.8 76.9 0.768 0.776 3.367 0.288
Lymphocyte 0.804 19.2 76.4 73.7 0.755 0.745 2.904 0.320
Monocyte 0.650 7.05 52.3 64.6 0.575 0.597 1.477 0.738

WBC: white blood cell; RBC: red blood cell; Het: hematocrit; Hb: hemoglobin; PLT: platelet; MPV: mean platelet volume; PDW: platelet distribution width;
PLRC: Platelet large cell ratio; RDW: red blood cell distribution width; Mono: monocyte; CRP: C-reactive protein; PPV: positive predictive value; NPV: negative
predictive value; LR: Likelihood ratios.

Table 3. Significant correlations between different parameters.

Parameter  Statistic parameter Hb RBC WBC PLT MPV PDW PLRC RDW Neutr Lymph  Mono

Age r cofficient NS -0.149 -0.288 0.198 0.150 0.166 NS NS NS NS
P-value 0.035 NS <0.001 0.005 0.034 0.019

Het r cofficient 0.935 0.731 NS -0.218 NS NS NS -0.141 NS NS NS
P-value <0.001 <0.001 0.002

Hb r cofficient - 0.704  0.218 -0.197 NS NS NS -0.239 NS -0.177 NS
P-value <0.001 0.002 0.005 0.001 0.013

RBC r cofficient - - 0.176 NS NS NS NS NS NS -0.156 0.159
P-value 0.013 0.027 0.025

WBC r cofficient - - - 0.337 NS NS NS NS 0.396 -0.418  -0.159
P-value <0.001 <0.001 <0.001 0.025

PLT r cofficient - - - - -0.458 -0457 -0474 NS NS NS NS
P-value <0.001 <0.001 <0.001

MPV r cofficient - - - - - 0.906 0.974 0.149 NS NS NS
P—value <0.001 <0.001 0.035

PDW r cofficient - - - - - - 0.919 NS NS NS NS
P-value <0.001

PLRC r cofficient - - - - - - - NS NS NS NS
P-value

RDW r cofficient - - - - - - - - NS NS NS
P-value

Neutrophil  r cofficient - - - - - - - - - -0975  -0.522
P—-value <0.001 <0.001

Lymphocyte r cofficient = = = = = = = = = = 0.349
P-value <0.001

NS: no significant.
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from 3 to 75 years with a mean of (26.55+15.22) years (Table 1).

The WBC count, neutrophil count, and CRP serum level were
significantly higher, while the mean age, lymphocyte count,
monocyte count, RDW and PLT count were significantly lower
in AA patients with and without complications compared with
the control group. Higher mean neutrophil count of the patients
(P<0.001) and lower mean lymphocyte (P<0.001) were found
in patients with complication compared with those with non-
complication.

The sensitivity, specificity, PPV, NPV for WBC were 74.7%,
75.4%, 74.6%, and 74.8%. Moreover, sensitivity, specific ity, PPV
and NPV of NP were 77.8%, 76.9%, 76.8% and 77.6, respectively.
The sensitivity, specificity, PPV, NPV for lymphocyte count were
76.4%, 13.7%, 75.5% and 74.5%. While the sensitivity, specificity,
PPV, NPV for RDW were 63.8%, 58.1%, 61.7% and 60.3%.

For primitive diagnosis of appendicitis, OR state of combined
tests has a most sensitivity (98.7%). Meanwhile, to exclude normal
individuals AND state of combining tests has a most specificity
(98.5%) (Table 2).

A positive relationship between Hb and HCT, MPV and PDW,
MPV and PLCR and PDW and PLCR were observed. PLT and
MPV, PLT and PDW, PLT and PLCR also had a negative correlation
(Table 3).

Predictive power of variables in AA and ROC analysis are given in
Table 3 and Figure 1. WBC, neutrophil, and lymphocyte count were

the most specific and sensitive parameters (Table 2, Figure 1).

4. Discussion

AA is common case for exigency surgery[17]. Despite the
advances in the diagnostic field, the diagnosis remains quite hard
for surgeons. It is imperative to provide a fast and precise diagnosis
before the complications[18]. This study assayed the diagnostic
value of platelet parameters in AA[19].

Appendicitis is more common in the age group 10 to 30 years
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old[20]. With a male to female ratio of 1.4:1, apparently incidence
of AA is high in males[21]. In the present study, the mean age was
(26.55+15.22) years (range: 3 to 75 years), and the male to female
ratio was 1.4:1, that are compatible with the current literature.

In the present investigation, mean age was lower in AA patients
with and without complication compared with the control group.
This finding is contrary to previous studies which have proposed
that there are no significant differences between patients with AA
and the control group regarding age(6.9]. Also, this outcome is
contrary to that of Boshnak ez al. who found AA patients have a
older mean age[22].

In recent years, the function of platelets in inflammation has been
extensively studied[23,24]. The metabolic activity and functions of
platelets are associated with its size, larger platelets are presumably
to be younger and more reactive[25]. There are studies suggested
that size of platelets is determined at the progenitor cell stage (i.e.
the megakaryocyte) and by some innumerable cytokines, such as
interleukin-3 or interleukin-6 which affect megakaryocyte ploidy
and produce larger and more active platelets[6,19]. Accordingly,
platelet volume is an indicator of platelet reactivity[26]. MPV, a
marker of platelet activation, can be calculated by apportioning the
plateletcrit by the number of platelets[22]. Increased production of
young platelets enhances the MPV value, and according to this,
MPV is a reliable marker of platelet activity[271.

PDW is a platelet heterogeneity indicator associated with platelet
activation, which causes change from discoid form to spherical,
and the formation of pseudophobia to acquire a large surface.
An increase in PDW and MPV indicates that young platelets are
entering peripheral circulation[14].

Multiple studies have shown contradictory results on the
relationship between MPV and AA. These discrepant results
may be ascribed to differences in ethnicity and geographic
distribution. Some studies indicate MPV reduction in AAI6,14],
while others reported that MPV is higher in AA compared to the
control groupl4.28]. Meanwhile, Fan et al.[29] and Boshnak et al.[22]
proposed that there was no significant increase or decrease in the
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Figure 1. Receiver operating characteristic curve for predictors of cases with acute appendicitis. A: PLT, RDW, lymphocyte, monocyte; B: WBC, neutrophil. PLT:

Platelet count; RDW: Red blood cell distribution width, WBC: white blood cell.
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MPV between patients with appendicitis and the control group.
The results of our study are consistent with these studies, showing
that there is a significant relationship between the groups regarding
MPV. Influencing the MPV by other inflammatory processes may
provide a feasible elucidation for this result[30].

Dink et al.[14] reported that PDW is higher in AA compare to
the control group. The result of this experiment is in agreement
with those obtained by Ceylan et al.[31] reported that there is no
difference in the PDW between people with AA and the control
group and people with acute complicated appendicitis and
acute non-complicated appendicitis. This finding may support
the hypothesis of up-regulation or down-regulation of platelets
volumes in one direction in AA patients, which leads to no
significant difference between the groups[31].

It is interesting to note that in this study AA patients had lower
PLT count when compared to the control group. This finding was
also showed by Lee et al.[321 who found that PLT count is lower
in AA patients in comparison with the control group. This result
is in contrary to some studies which have reported no significant
discrepancy between the groups regarding PLT[22,29]. Boshnak et
al.122] reported that positive appendectomy group have lower PLT
count (P=0.020) compared to negative appendectomy patients, but
it is not significant.

Several reports indicate that the first laboratory parameters for
inflammation of the appendix is WBC count, and many patients
with appendicitis show leucocytosis(33,34]. The present study
confirms that WBC count is significantly higher in AA.

RDW represents the heterogeneity of red blood cell dimensions,
and is applied in the differential diagnosis of anemia. It is reported
as a percentage of the standard deviation of red blood cell volume
to mean corpuscular volume. RDW may be used as an indicator
of inflammatory disease, like inflammatory bowel diseaseand
rheumatoid arthritis[35,36]. In addition, RDW indicates an drastic
correlation with parameters like erythrocyte sedimentation rate and
CRP in inflammatory conditions[37,38]. Similar to this article, Narci
et al.[4] reported that patients with complicated appendicitis had
a significantly lower RDW value in comparison with the control
group. On the other hand,,Boshnak et al.[22], Aktimur et al. and
Tanrikulu et al.[9] reported that there is no statistically significant
difference regarding RDW .

CRP is an acute inflammatory phase protein, can act as a good
diagnostic marker in inflammatory diseases. Boshnak et al.[22]
reported that there was a significant increase in CRP in the positive
appendectomy group compare with the negative appendectomy
group, which is analogous to our result.

In the present study, the number of lymphocytes and neutrophil
in the patients with AA was significantly lower and higher than
the control group, respectively. This finding is consistent with the
study of Pehlivanli et al.[39].

In one study about the diagnosis of AA, the sensitivity of WBC
was 85.8%, specificity was 31.9%. The sensitivity of neutrophil
count was 87.2%, and specificity was 33.1%[40]. And the
sensitivity, specificity, PPV, NPV for WBC were 74.7%, 75.4%,

74.6%, and 74.8%, respectively in our study, consis tent with the
literature. Moreover, sensitivity, specific ity, PPV and NPV of NP
were 77.8%, 76.9%, 76.8% and 77.6, respectively. The sensitivity,
specificity, PPV, NPV for lymphocyte count were 76.4%, 73.7%,
75.5% and 74.5% which are in agreement with Boshnak et al. [22]
who found the sensitivity, specificity, PPV, NPV for lymphocyte
count were 82.76%, 63.64%, 85.7 % and 58.3%. In this study, the
sensitivity, specificity, PPV, NPV for RDW were 63.8%, 58.1%,
61.7% and 60.3%. Tanrikulu et al.[9] reported that sensitivity,
specificity, PPV, NPV for RDW were 18.5%, 92.4%, 80% and
46.4%. The type of the designed study and the diversity of
individuals is probably the reason for the difference in these rates.

In this study, combined tests of best diagnostic parameters (WBC
or neutrophil or lymphocyte counts) by an “or” rule enhanced the
sensitivity to 98.7%. Morover, AND state of combining tests has
a most specificity to exclude normal individuals. Gulnaz et al.[41]
reported that OR state of combining tests (Total leucocyte count or
neutrophil or CRP) has a sensitivity and specificity of 77.82% and
82.80%.

There is a positive correlation between parameters such as MPV
and PDW, MPV and PLCR and PDW and PLCR and negative
correlation between PLT and MPV, PLT and PDW and PLT and
PLCR. Aydogan et al.[8] found that there was a linear correlation
between MPV and numbers of platelets and MPV and PDW. In
contrast, Narci et al.[4] did not find any significant correlation
between, CRP, MPV and leukocyte levels.

In conclusion, WBC, lymphocyte and neutrophil counts could be
used to evaluate the diagnosis of AA. Moreover, for best diagnostic
protocol according to CBC results, both OR and AND state
should be considered. PLT was significantly lower in patients with
appendicitis, but the discriminatory power of this value and AUC is
low. Therefore, this index is not useful in diagnosing patients with
appendicitis.

Our results require validation in multicentre prospective studies
with greater sample size. On the other hand, we found no
statistically significant difference between appendicitis patients
and the control group regarding the MPV and PDW levels. The
most important limitation of this study is that it is inconceivable to
prove the existence of other inflammatory conditions from blood
sampling. Another limitation is that this is retrospective. The study
was conducted on patients with clinical diagnosis of AA; also,
patients with complicated and non-complicated appendicitis were
separately compared. However, some studies compared only AA
patients with the control groups and has limitation to evaluate the
diagnostic function of platelet indices in AA[28]. Notably platelet
parameters are extremely specific to the exclusive technologies,
and are affected by factors such as the anticoagulant lag time from

sampling to analysis, leading to unreliable results[42].
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