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Abstract We aimed to analyze the diagnostic value of mean
platelet volume and platelet distribution width, which are
also known as the markers of platelet count, in acute and
perforated appendicitis. The data of 202 patients who ap-
plied to general surgery clinic in Mustafa Kemal University
Hospital from 2007 to 2012 with acute appendicitis were
analyzed retrospectively. The findings were separated to two
groups due to the perforation status (perforated vs. non-
perforated). Age, sex, leukocyte, hemoglobin, hematocrit,
mean platelet volume, and platelet distribution width were
examined. The mean age of the patients was 35.8. Twenty-
one of all cases were perforated appendicitis (10.4 %), and
the rest was acute appendicitis (non-perforated) (n=181,
89.6 %). The mean platelet volume value was 9.8±2.1 fL;
mean thrombocyte count, 340.9×109/L; and mean platelet
distribution width value, 18.3 %. There were statistically
significant differences between sex and age, hemoglobin,
hematocrit, leukocyte, mean platelet volume, and platelet
distribution width. There was a positive correlation between

mean platelet volume, platelet distribution width, and plate-
let. Age, leukocyte, platelet, mean platelet volume, and
platelet distribution width were higher in cases with perfo-
ration as a comparison with non-perforated cases. We think
that mean platelet volume and platelet distribution width
may be valuable markers to detect the risk of perforation
in early periods of acute appendicitis.
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Introduction

Reginald Fitz described the appendicitis for the first time in
1886, and a few years later, McBurney defined the clinical
features, findings of perforation, and surgical techniques of
appendicitis [1]. Acute appendicitis is a disease which
requires urgent surgery, and its diagnosis is mainly based
on anamnesis, clinical examination, and simple laboratory
findings. It can be seen in all age groups [2]. Lymphoid
tissue maturation starts with birth, and nearly 200 lymph
follicles are consistent at the age of 12–20 [3]. Perforation
risk is about 14–31 %, and mortality risk is 0.02–0.8 % for
all ages. Mortality for children is 0.1–1 %; at the other hand,
risk of mortality increases up to 20 % or more for the
patients who are older than 70 years [2, 4–6]. Radiological
tests are used to decide urgent surgery in suspicious cases
[7]. For this reason, some easy, cheap, practical, and appli-
cable in anywhere tests are needed.

Mean platelet volume (MPV) and platelet distributionwidth
(PDW) are markers of the platelet activation. Thrombocyte
size is related with the function and activation of thrombocyte
[8]. Volume parameters such as MPV and PDW have been
used since 1980 [9, 10]. Mean platelet volume is one of the
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routine parameters in complete blood count (CBC) test and
signs the average volume of circulating thrombocytes. Mean
platelet volume increases as the thrombocyte production
increases [11]. Bigger thrombocytes are more active than
smaller ones, and they produce more thromboxane A2 [12].
Mean platelet volume has been analyzed for some diseases as
an inflammatory marker and reported as increased in situations
like sepsis, myeloproliferative diseases, massive hemorrhage,
leukemia, vasculitis, and postsplenectomy [13, 14].

Relationship with MPV and acute appendicitis is only
analyzed in one adult and one childhood study [15, 16].
We studied the diagnostic importance of MPVand PDW for
acute appendicitis.

Materials and Method

The data of 202 patients who applied to general surgery clinic
in Mustafa Kemal University Hospital from January 2007 to
January 2012 with acute appendicitis were analyzed retro-
spectively. The data were classified into two groups according
to the perforation status (perforated vs. non-perforated). Age,
sex, hemoglobin (Hb), hematocrit (HCT), white blood cell
(WBC), thrombocyte, platelet distribution width, and mean
platelet volume were analyzed. Ultrasonographic examina-
tions were performed by radiologists with 3.5 MHz convex
and 7.5 MHz sector transducer. The criteria for the diagnosis
of acute appendicitis counseled by USG were as follows: (1)
the anteroposterior diameter of more than 6 mm, (2) periap-
pendicular anechoic fluid, (3) periappendicular hypo-echoic
inflammation, (4) significant thickness of the wall of the
cecum and terminal ileum than the wall of the other intestinal
segments, (5) appendicoliths, and (6) noncompressible and
nonperistaltic appendix [17, 18]. Appendectomy was per-
formed to all of the patients. All the specimens were analyzed
by pathologists. During histopathological examination, at
least two samples from the specimen were analyzed.

The exclusion criteria were the following: being less than
15 years of age, history of previous abdominal operation,
having acute or chronic infectious disease, unconsciousness
and negative cooperativity, comorbidities (respiratory, renal,
cardiac, endocrinal, vascular diseases, cancer, etc.), history
of blood transfusion within last 1 year, history of severe
anemia or hematological disease, and history of medication
(analgesics, anticoagulant, iron supplements, oral contra-
ceptives, antimetabolites, etc.). Also, after the histopatho-
logic examination of appendix, patients with normal
appendicitis were excluded from the study.

Complete blood counts were performed from the venous
blood samples. All the samples were obtained with ethylenedia-
minetetraacetic acid (EDTA) anticoagulation. Automatic com-
plete blood counter devices with international norm results were
used to determine CBC. Number of leukocyte and platelet, Hb,

HCT, MPV, and PDW were analyzed via CBC. Mean plate-
let volume and PDW were examined by a device working
according to the openness of the impedance which was
branded as Beckman Coulter Gen-S. Normal values of all
the samples were determined by the reference values of
various laboratories. Reference values according to the open-
ness of the impedance were accepted as 8.0–13.0 fl for MPV
and 9.0–14.0 fl for PDW [11, 19]. We did not need to get a
control group, since the reference values for PDW and MPV
are standard, and age and sex are not associated with these
values.

Statistical Analyses

All tests were performed using SPSS for Windows 13.0. The
parameters with normal distribution were expressed as mean
and standard deviation. Comparisons of means were per-
formed with Student’s t test. Intercorrelations between
parameters were computed through the Pearson's correlation
analysis. Comparisons of nonparametrics were analyzed by
using chi-squared test. Logistic regression analysis was used
to detect risk factors. A p value of <0.05 was accepted as
statistical significance.

Results

Two hundred and two patients who were undergone appen-
dectomy with acute appendicitis in the last 5 years at Mustafa
Kemal University Education and Research Hospital were in-
cluded in the study. A hundred of all patients were male
(49.5 %), and 102 of all were female (50.5 %). The mean
age of cases was 35.8±12.0 (15–78) years. Twenty-one of all
cases were perforated appendicitis (10.4 %), and the rest
(n=181, 89.6 %) was non-perforated acute appendicitis. The
mean Hb value was 12.9±1.6 g/dL (8.8–16.6); mean HCT,
38.3±4.8 % (20.2–27.5); mean number of WBC, 12.7±4.2×
103/L (2.7–26.5×103); mean MPV result, 9.8±2.1 fL (5.9–
13.5); mean number of platelet, 340.9±118.4×103/L (162.1–
662×103); and mean PDW value, 18.3±2.3 % (11.0–23.4).

The mean ages of male and female patients were 33.8±11
and 37.8±12.6 years, respectively (p=0.01). The mean Hb
levels were higher in males than females, and this was statis-
tically significant (13.9±1.4 vs. 11.8±1.2 g/dL, p=0.0001).
The mean HCT was 41.3±4.1 % in men and 35.4±3.4 % in
women (p=0.0001). The mean WBC was also higher in men
than women (13.5±3.7×103 vs. 11.9±4.5×103/L, p=0.007).
The mean MPV was 10.2±2.1 fL in males and 9.3±2.0 fL in
females (p=0.002). The mean thrombocyte count was 364.4×
103±122.3×103/L in men and 335.6×103±114.8×103/L in
women (p>0.05). The mean PDW was 18.7±2.4 % in male
patients and 17.9±2.1 % in female patients (p=0.02). Age,
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Hb, HCT, WBC, MPV, and PDW showed statistically signif-
icant differences when they were compared according to sex.

To determine the relation between MPV, thrombocyte
count, and PDW, Pearson's correlation analysis test was used.
There was a positive correlation between MPVand number of
platelets (r=0.662; p=0.0001) (Fig. 1). There was a positive
correlation between MPV and PDW (r=0.654; p=0.0001)
(Fig. 2). A positive correlation between thrombocyte and
PDW (r=0.541; p=0.0001) was detected. There were positive
correlations betweenMPV, PDW, and platelet (PLT) (Table 1).

All the patients were analyzed according to their perfo-
ration status. Twenty-one of all cases were perforated ap-
pendicitis (11 males and ten females), and the rest of 181
cases was acute appendicitis without perforation. The risk of
perforation in male patients was not increased [odds ratio
(OR) 1.13, p>0.05). The mean age of patients with perfo-
rated appendicitis was 42.3±12.5, and the mean age of
patients without perforation was 35.1±11.7 (p=0.008).
The average age of males with perforated appendicitis was
41.2±15.1, and it was 43.6±9.6 in females with perforation
(p>0.05). In our study, the age as a variable was a risk factor
in terms of perforation in acute appendicitis (OR 1.054, p=
0.008). The mean Hb levels in patients with and without
perforation were 13.4±1.8 and 12.8±1.6 g/dL, respectively
(p>0.05). The mean HCT in patients with perforated appen-
dicitis (39.7±5.1 %) was higher than that in patients with
non-perforated appendicitis (38.1±4.7 %), but there was no
statistically significant difference (p>0.05). However, the
difference between mean WBC and perforation status was
statistically significant. The mean WBC in patients with
perforated appendicitis was 20.1±2.5×103/L, and the mean
WBC in non-perforated cases was 11.9±3.5×103/L (p=
0.0001). The mean MPV levels in patients with and without
perforation were 12.5±0.5 and 9.5±2 fL, respectively (p=
0.0001). The mean PLT in patients with perforated appen-
dicitis was 448.7×103±48.1×103/L, and the mean PLT for

patients with non-perforated appendicitis was 328.4×103±
117.8×103/L (p=0.0001). The mean PDW value was 20.8±
1.8 % in cases with perforation and 18.0±2.2 % in cases
without perforation (p=0.0001). Age, WBC, PLT, MPV, and
PDW values were higher in patients with perforated appen-
dicitis (Table 2).

Discussion

Appendicitis is seen in 1/1,000 of the general population [20].
The classical symptoms for acute appendicitis are abdominal
pain (begins around the periumbilical area and then settles to
right lower quadrant within 24 h), nausea, vomiting, lack of
appetite, and diarrhea. However, these symptoms occur in only
60 % of all patients [21]. Even though the morbidity and
mortality of acute appendicitis are very low as compared to
the previous years, the differential diagnose may still be diffi-
cult. Mortality rate due to perforated appendicitis is rapidly
declining during the past 50 years; however, the complication
rate is still high [22]. The most seen complication after the
operation for perforated appendicitis is surgical area infection.

Fig. 1 The correlation between MPV and platelet

Fig. 2 The correlation between MPV and PDW

Table 1 The correlation between MPV, PDW, and thrombocyte count

MPV Thrombocyte count PDW

MPV

r 1 0.662 0.654

p 0.0001 0.0001

Thrombocyte count

r 0.662 1 0.541

p 0.0001 0.0001

PDW

r 0.654 0.541 1

p 0.0001 0.0001
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This prolongs the hospitalization period and causes the loss of
cost-effectiveness [23].

Tissue damage and inflammation about thrombocyte are
the topics of interest recently. Thrombocytes are heteroge-
neous, small disk-shaped elements in terms of volume, densi-
ty, age, and metabolic functions. Thrombocyte volume
heterogeneity occurs due to the production factors in the bone
marrow. The maturation does not happen during circulation.
Mean platelet volume, which is formed as a response to the
thrombopoietic stress, is with increased growth of megakar-
yocytes. Bigger thrombocytes are known as stress thrombo-
cytes. The degree of stimulation ofmegakaryocyte as reflected
by DNA content is the most important marker of thrombocyte
volume [19, 24–27].

Evaluation of the thrombocyte volume and structure may
be helpful for the diagnosis of some thrombocyte diseases
[28]. Thrombocyte volume parameters, thrombocytopenia,
and thrombocytosis are valuable in diagnosis. The routine
analysis of volume parameters helps to detect abnormal
thrombocyte production even if the number of thrombocyte
is normal. MPV distinguishes the excess of destruction or
lack of production, hypersplenism, and myeloproliferative
or thalassemia diseases [29]. Thrombocytosis is common in
infectious and inflammatory situations. We detected higher
mean thrombocyte numbers in cases of perforated appendi-
citis in our study, and this signs the severity of infection. In
this study, there were positive correlations between the
number of thrombocytes and MPV and PDW. At the same
time, MPVand PDW values were higher in perforated cases
than those in non-perforated ones, and this signs that the
increase in MPV and PDW values in correlation with the
number of thrombocytes may make physicians one step
closer to the diagnosis in suspicious cases.

Thrombocyte volume can be evaluated by impedance or
light disturbance technology tools routinely. Thrombocytes in

EDTA form isovolumetric spherical shapes. Thrombocytes in
citrate form discoid shapes. Thrombocytes in EDTA cause
significant increase in volume when they are measured by
impedance, and then, log-normal volume distribution is
obtained. PDW is a function of standard deviation of log
volume and is also known as volume change coefficient.
It is equal to geometric standard deviation which is am-
plified by a permanent [2, 9–11]. The reference values of
MPV and PDW due to impedance openness are 8.0–13.0
and 9.0–13 fL, respectively. According to optical system,
the values are (for MPV) 7.4–11.2 fL and (for PDW) 44–
56 % [19]. We detected the measurement system of MPV
and PDW as impedance openness when we retrospectively
studied the medical records of cases with acute appendi-
citis. We did not plan any control group differently from
acute and perforated appendicitis cases. The normal ranges
of WBC, Hb, HCT, MPV, PDW, and platelet are well-
known. PDW is an index of thrombocyte volume hetero-
geneity similar to erythrocyte distribution. The examination
of PDW with MPV provides a better definition of throm-
bocyte volume disturbance. The heterogeneity of thrombo-
cyte volume occurs due to heterogenic demarcation of
megakaryocytes rather than the aging of circulating
thrombocytes.

Idiopathic thrombocytopenic purpura (ITP) or dissemine
intravascular coagulation with increased thrombocyte turnover,
Bernard–Soulier syndrome, May–Hegglin anomaly, sepsis,
myeloproliferative disorders, massive hemorrhage, leukemia,
history of splenectomy, and vasculitis should be remem-
bered when MPV is increased, and macro-thrombocytes are
present. Normal MPV signs infiltrated or hypocellular bone
marrow in malign diseases. Low MPV levels are usually
with some uncommon situations like Wiskott–Aldrich syn-
drome and thrombocytopenia-absent radius syndrome [30].

Sepsis, preeclampsia, or ITP causing increased throm-
bocyte destruction should be thought in cases of throm-
bocytopenia or thrombocytosis with high MPV levels. At
the other hand, low MPV levels sign decreased hypopla-
sic thrombocyte production or hypersplenism [31]. We
detected higher mean thrombocyte number and higher
mean MPV levels in perforated appendicitis when com-
pared with non-perforated ones. This reveals increased
thrombocyte destruction in patients with perforated ap-
pendicitis, so the number of platelet becomes high due to
increased production of young thrombocytes. Mean plate-
let volume is an important marker in thrombopoiesis like
reticulocytes in erythropoiesis [31–34]. In our study, we
could not reach all the CBC results of postoperative
periods. For this reason, we think that patients with
thrombocytopenia or thrombocytosis in preoperative peri-
od may have normal thrombocyte count and normal
MPV and PDW levels after appendectomy. There is a
great need of prospective studies to proof this.

Table 2 The comparison of cases according to perforation status

Perforation Number Mean SD p value

Age − 181 35.11 11.74 0.008
+ 21 42.38 12.53

Hb − 181 12.86 1.66 >0.05
+ 21 13.47 1.89

HCT − 181 38.18 4.78 >0.05
+ 21 39.75 5.18

WBC − 181 11.90 3.51 0.0001
+ 21 20.18 2.53

MPV − 181 9.50 2.06 0.0001
+ 21 12.51 0.55

Platelet − 181 328.45 117.86 0.0001
+ 21 448.71 48.19

PDW − 181 18.02 2.20 0.0001
+ 21 20.84 1.86
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The increase of some cytokines in acute appendicitis
may cause to change the thrombocyte volume. In many
studies, interleukin-6 (IL-6) enhancement in acute appen-
dicitis is reported [35, 36]. Some studies reveal the pos-
sible effect of an important proinflammatory cytokine, IL-
6, on thrombocyte volume [37, 38]. Yoon et al. reported
that IL-6 levels in patients with perforated appendicitis
were higher than those in non-perforated ones [39]. We
found significant high levels of MPV, PDW, and throm-
bocyte in perforated cases as these previous studies. We
agree the suggestion of increased thrombocyte volume by
IL-6 in perforated appendicitis.

There are two studies analyzing the relation between MPV
and acute appendicitis in the literature. One of them studied
pediatric patients [15], and the other one studied adult patients
[16]. Both studies were performed within 1 year, and they
found MPVas low in acute appendicitis. Also, they could not
exhibit the relation between acute appendicitis and PDW and
thrombocyte count. They did not study the difference on
perforated or non-perforated appendicitis. We detected that
high MPV value was a significant risk factor for perforation
in our study. So, because of the high number of cases; the
presence of significantly high levels of thrombocyte, MPV,
and PDW in cases with perforated appendicitis; and the pos-
itive correlations between these parameters, our study is an
important, valuable, and unique report in the literature. Both
MPV and PDW are markers of platelet immaturity, and an
increase in both as compared to controls suggests that young
platelets are coming into the peripheral circulation. As com-
pared to normal appendicitis, there is more platelet utilization
in the periphery, and thus, these may be early surrogate
indicators of perforation. The correlated increase of these three
parameters (thrombocyte, MPV, and PDW) in appendici-
tis should set physicians thinking perforation and early
surgery. So, the contribution of these parameters on the
diagnosis of perforated appendicitis makes this study
valuable. Both these previous studies interestingly found
MPV decreased in acute appendicitis. The mean Hb
levels were in normal ranges in our study, and also, we
excluded the patients with severe anemia from the study.
We think that these two factors make our study more
efficient. In adult study, there were no data about Hb and
HCT levels, and severe anemia was not an exclusion
criterion. This might affect the results of study. There
were no data about Hb and HCT levels in pediatric study
as similar to the adult one. Iron-deficiency anemia is
common in childhood, and there are some studies point-
ing the effect of severe anemia on MPV levels [19].
Also, the number of cases was low in childhood study
(n=100).

As a result, we claim that MPV and PDW which are
routinely calculated on all automated hematology cell
counters may be important markers for the early detection

of perforation risk in acute appendicitis. However, there is
a great need for multicentric and prospective studies with
high number of cases.
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