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Amaç: Eritrosit dağılım genişliğinin (RDW)  ve ortalama trombosit hacminin (MPV) akut apandisit tanısındaki ve hastalığın şiddetini belirlemedeki 
klinik değerini saptamayı amaçladık. 
Yöntem:  Ocak 2013 ile ocak 2020 tarihleri arasında akut appendisit ön tanısı ile opere edilen hastalar çalışmaya dahil edildi.  Hastalar Grup 1 negatif 
appendektomi; Grup 2 akut apandisit olmak üzere iki gruba ayrıldı. Ayrıca Grup 2a: Perfore ve 2b: nonperfore olmak üzere subgruplara ayrıldı. 
Nötrofil sayısı, RDW ve MPV oranları gruplarda ve subgruplarda karşılaştırıldı. 
Bulgular: Çalışmamıza 861 hasta dahil edildi. Grup 1: 144, Grup 2: 717 hastadan oluşuyordu. Yaş ortalaması (33,02 vs 35,34 p=0,088) ve MPV 
oranları (8,81 vs 8,95 p=0,363) açısından her iki grup arasında anlamlı farklılık yoktu. Grup 1’de kadın cinsiyet oranı daha yüksekti (%52,8 vs 42,9 
p=0,019). Ayrıca  RDW oranları Grup 1’de daha yüksekti (14,03% vs 13,67%  p=0,007) ve RDW oranları multivaryant analizde akut appendisit 
tanısında bağımsız bir göstergeydi (odds ratio: 0,604 %95 confidence interval: (minimum-maksimum) 0,420-0,868 p=0,006). RDW ve MPV oranları 
çok değişkenli lojistik regresyon analizinde perfore appendisit tanısında bağımsız değişkenlerdi. 
Sonuç: Akut appendisit tanısında ve hastalığın şiddetinin belirlemesinde RDW yararlı bir parametredir. Fakat MPV değerinin yeterli tanısal değeri 
yoktur. 
Anahtar Kelimeler: Akut appendisit, MPV, RDW, sensivite, spesivite

ABSTRACT

ÖZ

Aim: We aimed to determine the clinical value of erythrocyte distribution width (RDW) and mean platelet volume (MPV) in the diagnosis of acute 
appendicitis (AA) and in determining the severity of the disease.
Method: Patients who were operated between January 2013 and January 2020 with a preliminary diagnosis of AA were included in the study. The 
patients were divided into two groups as Group 1 negative appendectomy and Group 2 acute appendicitis. In addition, Group 2 is divided into 
subgroups as a:perforated and b: non-perforated. RDW and MPV were compared between the groups and subgroups.
Results: A total of 861 patients participated in our study. Group 1 consisted of 144 patients and Group 2 consisted of 717 patients. The mean age was 
similar in both groups (33.02 vs 35.34, p=0.088), female sex was higher in Group 1 (52.8% vs 42.9, p=0.019), RDW was higher in Group 1 (14.03 
vs 13.67, p=0.007), MPV was similar between the groups (8.81 vs 8.95, p=0.363). RDW was an independent risk factor in the diagnosis of AA in 
multivariate analysis (odds ratio 0.604, 95% confidence interval (minimum-maximum) 0.420-0.868, p=0.006). RDW and MPV were independent 
variables in the diagnosis of perforated appendicitis in multivariate logistic regression analysis.
Conclusion: RDW is a useful parameter in the diagnosis of AA and in determining the severity of the disease. However, MPV value does not have 
sufficient diagnostic value.
Keywords: Acute appendicitis, MPV, RDW, sensitivity, specificity
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Introduction
Acute appendicitis (AA) is the most common cause of acute 
surgical abdominal pain and is usually seen in patients in 
their 20s and 30s.1 In the literature, the lifetime prevalence 
of this disease is approximately 7%, and its perforation rate 
is between 17% and 20%.2,3

Timely diagnosis is very important, since a diagnostic 
delay is associated with increased risk of perforation and 
potentially peritonitis, sepsis and death. On the contrary, 
negative appendectomy is associated with unnecessary risks 
and costs. Although advanced diagnostic tests and imaging 
methods have been developed, the rate of false diagnosis is 
still high.4,5

Complete blood count is used as part of the routine testing 
for AA. Based on this, many parameters in complete blood 
count and the combination of these parameters in the 
diagnosis of AA were investigated.6,7

The red blood cell distribution width (RDW) is a well-known 
erythrocyte parameter that shows variations in the diameter 
of red blood cells. At present, the erythrocyte index, which 
has been used in haematology practice, is accepted as a 
biological marker related to inflammation. A high RDW is 
associated with an increase in erythrocyte sedimentation 
rate and interleukin-6 levels.8

The mean platelet volume (MPV) is reported to be related 
to platelet function. The platelet size is closely related to 
platelet activity and function. Large platelets are more active 
than small platelets, and the MPV has been shown to reflect 
inflammatory burden.9

Recent studies have investigated on whether RDW and MPV 
can be used as an early predictor in AA.10,11,12 In this study, 
we aimed to determine the clinical value of RDW and mean 
MPV in the diagnosis of AA and in determining its severity.

Materials and Methods
Patients who underwent surgery with a preliminary 
diagnosis of AA between January 2013 and January 2020 in 
the Erciyes University Faculty of Medicine General Surgery 
Clinic were included in the study. This retrospective study 
was approved by the Erciyes University Institutional Review 
Board (no: 2020/251, dated: 20.05.2020). Files and hospital 
information system records were examined, and the cases 
were analysed retrospectively.
While patients who underwent appendectomy (both open 
and laparoscopic appendectomy) were included, patients 
aged <18 years; pregnant patients; patients with heart failure, 
haematological disease, cancer, chronic infectious disease, 
liver disease, vascular disease, infection or inflammatory 
disease; patients who had missing data; or patients taking 
drugs that may affect the platelet count and volume were 
excluded from the study.

Patients were divided into two groups according to the 
histopathological evaluation. The first group included 
patients with a normal appendix (negative appendectomy 
group), and the second group was composed of patients 
with AA (AA group), which was further subdivided 
into perforated and non-perforated appendicitis groups. 
Demographic data of patients such as age and sex and 
preoperative laboratory findings on admission [neutrophil 
count/mm3, RDW (%) and MPV (fL)] were compared 
between the negative appendectomy group and AA group. 
The same parameters were compared within the subgroups.
The complete blood count was measured by an automated 
haematology analyser (Roche Hitachi Cobas® 8000 Roche 
Diagnostics, Indianapolis, IN, USA). Reference values were 
2-7x109/L for neutrophils, 7.4-10.4 femtoliter (fL) for MPV 
and 11.6%-14% for RDW.

Statistical Analysis
SPSS (Statistical Package for the Social Sciences) 23.0 package 
programme was used in the statistical analysis of data. 
Categorical measurements were summarised as numbers 
and percentages and continuous measurements as mean and 
standard deviation (median and minimum-maximum where 
necessary). Pearson chi-square test statistics were used to 
compare categorical variables. Shapiro-Wilk test was used 
to determine whether the study parameters showed normal 
distribution. In comparing continuous measurements 
between groups, distributions were checked; independent 
Student’s t-test was used for parameters with normal 
distribution, and the Mann-Whitney U test was used for 
parameters without normal distribution. In this study, the 
cut-off value was determined by calculating the sensitivity 
and specificity values based on the neutrophil count, RDW 
and MPV and by examining the area under the receiver 
operating characteristics (ROC) curve. Logistic regression 
analysis was employed to determine the independent 
variables that affect the dependent variables. Statistical 
significance level was taken as 0.05 in all tests.

Results
A total of 861 patients participated in our study. The negative 
appendectomy group consisted of 144 patients, and the AA 
group consisted of 717 patients. The mean age was similar 
in both groups (33.02 vs 35.34, p=0.088), female patients 
comprised most the negative appendectomy group (52.8% 
vs 42.9, p=0.019), the neutrophil count was higher in the 
AA group (8.20 vs 10.31, p=0.00), RDW was higher in the 
negative appendectomy group (14.03% vs 13.67%, p=0.007) 
and MPV was similar between the two groups (8.81 vs 8.95, 
p=0.363). In the multivariate logistic regression analysis, 
neutrophil count and RDW were independent variables 
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in the diagnosis of AA. Comparison results between the 
negative appendectomy and AA groups are detailed in Table 
1. The ROC curve analyses of these independent variables 
are shown in Figure 1. The recommended cut-off and 
diagnostic values for these variables are shown in Table 2.

The perforated and non-perforated subgroups were 
composed of 65 and 652 patients, respectively. While the 
mean age was higher in the perforated subgroup (42.63 vs 
34.62, p=0.00), sex distributions were similar (p=0.33). 
No significant difference was found between the groups 
in terms of neutrophil count (11.12 vs 10.23, p=0.143), 
RDW (13.98% vs 13.64%, p=0.056) and MPV (8.74 vs 8.97, 
p=0.301). In the multivariate logistic regression analysis, 
neutrophil count, RDW and MPV were independent 
variables in the diagnosis of perforated appendicitis. The 
comparison between the perforated and non-perforated 
subgroups is detailed in Table 3. The ROC curve analyses 
of these independent variables are shown in Figure 2. 

The recommended cut-off and diagnostic values for these 
variables are shown in Table 4.

Discussion
Appendicitis is still the most common indication of 
emergency surgery. Traditionally, appendectomies are 
performed immediately after diagnosis was made to 
prevent the progression of inflammation and potential 
complications.13

Although leukocyte count generally increases in patients 
with AA, it is not a specific marker of AA and can increase 
in many diseases accompanied with inflammation during 
differential diagnosis. In AA, neutrophilia and left shift on 
the haemogram are often associated with lymphopaenia.14,15 
Anderson reported a sensitivity of 71%-89% and specificity 
of 48%-80% in his meta-analysis (neutrophil count >6,500/
mm3).14

Table 1. Comparison of the two groups

Parameters
Negative 
appendectomy

Univariate analysis Multivariate analysis ROC curve analysis

Acute 
appendicitis p OR

95% CI 
(min-
max)

p AUC
95%CI 
(min-
max)

p

Patient number 144 (16.7) 717 (83.3)

Age
33.02±13.87
(18-85)

35.34±15.10
(13-87)

0.088

Sex
Male 68 (47.2) 409 (57.1)

0.019
Female 76 (52.8) 307 (42.9) 1.489 1.040-2.132 0.030

Neutrophil 
(x103/mm3)

8.20±4.59
(1.31-29.16)

10.31±4.70
(1.75-78)

0.000 3.846 2.652-5.576 0.000 0.654 0.622-0.686 0.001

RDW (%)
14.03±1.80
(11.5-24.4)

13.67±1.36
(11.5-20.7)

0.007 0.604 0.420-0.868 0.006 0.560 0.526-0.594 0.028

MPV (Fl)
8.81±1.64
(6.2-13.9)

8.95±1.71
(4.8-13.5)

0.363 1.365 0.954-1.954 0.089 0.527 0.493-0.561 0.291

RDW: Red blood cell distribution width, MPV: Mean platelet volume, AUC: Area under the curve, OR: Odds ratio

Table 2. Proposed cut-off values for significant parameters in the diagnosis of acute appendicitis

Cut-off value Sensitivity (%) Specificity 
(%) PPV NPV OR AUC

Neutrophil (x103/mm3) <7.04 52.08 77.96 32.2 89.0 5.716 0.654

RDW (%) >13.9 43.75 69.32 22.3 86 2.194 0.560

MPV (Fl) <8.4 50.69 57.04 19.2 85.2 1.055 0.527

RDW: Red blood cell distribution width, MPV: Mean platelet volume, AUC: Area under the curve, PPV: Positive predictive value, NPV: Negative 
predictive value, OR: Odds ratio
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Figure 2. Receiver operating characteristic curve analyses of significant 
parameters for the diagnosis of perforated appendicitis: (a) neutrophil 
count, (b) red blood cell distribution width and (c) mean platelet volume

Figure 1. Receiver operating characteristic curve analyses of significant 
parameters for the diagnosis of acute appendicitis: (a) neutrophil count, 
(b) red blood cell distribution width and (c) mean platelet volume

Table 3. Comparison of the subgroups of the acute appendicitis group

Parameters
Perforated

Multivariate analysis ROC curve analysis

Non-
perforated p OR 95% CI 

(min-max) p AUC
95% CI 
(min-
max)

p

Patient number 65 (9.1) 652 (90.9)

Age
42.63±18.26
(19-85)

34.62±14.57
(13-87)

0.000

Sex

Male 35 (53.8) 374 (57.5)

0.333
Female 30 (46.2) 277 (42.5) 1.157 0.694-1.931 0.576

Neutrophil  
(×103/mm3)

11.12±4.74
(4.63-27.78)

10.23±4.69
(1.75-78)

0.143 0.416 0.226-0.767 0.005 0.535 0.498-0.572 0.366

RDW (%)
13.98±1.22
(11.8-17.9)

13.64±1.37
(11.5-20.7)

0.056 0.197 0.078-0.497 0.001 0.607 0.570-0.642 0.001

MPV (Fl)
8.74±1.83
(5.6-12.3)

8.97±1.7
(4.8-13.5)

0.301 2.026 1.119-3.669 0.020 0.536 0.498-0.573 0.377

RDW: Red blood distribution width, MPV: Mean platelet volume, AUC: Area under the curve, OR: Odds ratio, min: Minimum, max: Maximum, CI: 
Confidence interval

Table 4. Proposed cut-off values for significant parameters in prediction of perforation

Cut-off value
Sensitivity
(%)

Specificity
(%)

p PPV NPV AUC

Neutrophil (x103/mm3) >14.57 24.62 88.04 0.366 17.0 92.1 0.535

RDW (%) >12.8 92.31 29.75 0.001 11.6 97.5 0.607

MPV (Fl) <7.1 26.15 85.12 0.377 14.9 92.0 0.536

RDW: Red blood cell distribution width, MPV: Mean platelet volume, AUC: Area under the curve, PPV: Positive predictive value, NPV: Negative 
predictive value, OR: Odds ratio
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In our study, the neutrophil count was higher in the AA 
group (p=0.000). For the cut-off value [area under the curve 
(AUC) 0.654; 95% confidence interval (CI) 622-0.684, 
p=0.001] determined according to the ROC curve, the 
sensitivity and specificity were 52% and 77%, respectively.
RDW is frequently used in haematology practice to 
distinguish iron deficiency anaemia from other microcytic 
anaemias. Increased RDW is associated with erythropoiesis 
disorder or erythrocyte destruction. RDW has also been 
investigated in inflammatory and infectious pathologies 
such as rheumatoid arthritis, inflammatory bowel disease, 
colon cancer and celiac disease. RDW elevations have 
been shown to be associated with increased levels of 
inflammatory markers such as C-reactive protein (CRP), 
erythrocyte sedimentation rate and interleukin-6. Pro-
inflammatory cytokines in sepsis negatively affect the life 
span of circulating erythrocytes and suppress erythrocyte 
maturation.12,16

In the study by Narci et al.10, RDW was significantly lower 
in the AA group than in the control group (15.4±1.5 vs 
15.9±1.4, p=0.001). In the ROC analysis, the diagnosis of 
AA with 15.6% cut-off for RDW had sensitivity of 47% and 
specificity of 67% (AUC 0.62).11 Günay et al.17 compared 
complicated and non-complicated AA cases and reported 
that the RDW was higher in the complicated appendicitis 
group (16.97±4.48 vs 14.28±2.73, p=0.001). In the same 
study, RDW was determined as an independent diagnostic 
factor for complicated appendicitis in the logistic regression 
analysis (OR: 1.412, 95% CI: 1.01-1.98, p=0.046).17 In the 
study by Boshnak et al.18, unlike the literature, no difference 
was found in the RDW of the negative and positive 
appendectomy groups (13.13±0.36 vs 13.06±0.43, p>0.05). 
However, in their study, RDW was higher in complicated 
AA cases (13.02±0.40 vs 13.30±0.58, p=0.006).18 Tanrikulu 
et al.19 reported no significant relationship between RDW 
and AA, similar to the finding of Boshnak et al.18

Bozlu et al.20 reported that RDW was elevated in children 
with AA, but they did not find a significant difference in 
complicated cases. In this study, the diagnostic value of 
RDW in children with AA was not higher than that of white 
blood cells or CRP. They concluded that a high RDW is 
valuable in the diagnosis of AA in children, but it is not a 
useful marker for complicated appendicitis.20

In our series, RDW was higher in the negative 
appendectomy group (14.03% vs 13.67%, p=0.007). RDW 
was an independent risk factor for AA in the multivariate 
analysis. When the cut-off value was 13.9, RDW showed 
43% sensitivity and 69% specificity in the diagnosis of AA. 
RDW was similar in the perforated and non-perforated 
appendicitis subgroups. In the multivariate analysis, it 
was an independent risk factor for perforated appendicitis. 

When the cut-off value was 12.8, RDW demonstrated 92% 
sensitivity and 29% specificity.
During the development of sepsis, platelets are thought to 
be one of the first responding anuclear cells. Gurler and 
Aktas21 suggested that the increase or decrease in MPV 
in inflammatory conditions results from the effects of 
inflammatory cytokines in the bone marrow. Active platelets 
grow in infectious conditions and cause an increase in MPV 
in haemogram tests. However, after the use of larger activated 
platelets in inflammatory processes, smaller platelets lead 
to a decrease in MPV in blood count tests.21 Increases in 
MPV are associated with chronic diseases, and decreases 
are associated with acute diseases. While increased MPV 
were observed in chronic disease conditions, decreased 
MPVs were observed in acute disease environments. In the 
literature, low MPVs during an attack increased to normal 
levels in patients with ankylosing spondylitis and rheumatoid 
arthritis. In addition, in some inflammatory bowel diseases, 
MPV decreased in parallel with increased disease activity.22,23 
However, the pathophysiological mechanisms for decreased 
MPV in patients with AA is not yet clear.24

Discussions are on-going in studies that have investigated 
the diagnostic value of MPV. Erdem et al.5 reported MPVs 
for the AA group and control group as 7.4±0.9 (5.6-10.6) 
fL vs 9.1±1.6 (5.1-13.1) fL, respectively (p<0.001). In their 
ROC analysis, the AUC was 82.4% for the MPV. When the 
cut-off MPV value was below 7.95 fL, the test’s sensitivity 
and specificity were 74% and 75%, respectively.25 In the 
study by Narci et al., the median MPV was 7.92±1.68 fL in 
the AA group and 7.43±1.34 fL in the control group. The 
MPV was significantly higher in the AA group than in the 
control group (p<0.001). In their ROC analysis, the AUC 
was 62%, and with a cut-off value of 7.87, the sensitivity 
and specificity were 66% and 51%, respectively.10 Uyanik 
et al.26 concluded that MPV in the paediatric age group was 
similar in the AA and control groups (7.9±0.9 vs 7.7±0.8, 
p>0.05) and had no diagnostic value for AA.26 Similarly, 
Dinc et al. found a sensitivity of 29.5%, specificity of 49.0% 
and diagnostic accuracy of 34.0% for MPV, but with limited 
diagnostic value.24 However, on separate evaluation, these 
studies have heterogeneous characteristics. In the most 
recent meta-analysis for the diagnostic value of MPV in AA, 
MPV decreased significantly in patients with AA compared 
with the control group (weighted mean difference, -0.64; 
95% CI, -0.74 to -0.54; p=0.037). The analysis showed that 
MPV can be used as a biomarker for AA, but it does not have 
sufficient diagnostic value.27

Yardımcı et al.28 found higher MPV values in patients with 
AA than in healthy controls (9.3±8 vs 9.3±8, p=0.0005). In 
the same study, according to the pathologies in the patient 
group, the MPV was 8.8±5.8 (6-96) for phlegmonous 
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appendicitis, 8.9±5.8 (6.1-74) for localised peritonitis 
and 12.8±9.7 (6.7-87) for perforation and/or gangrenous 
appendicitis. They found a statistically significant difference 
between patient groups (95% CI 8.5-10.1; p=0.005). Another 
outcome of this study was to identify the role of MPV in 
predicting more severe forms of AA, such as perforation and/
or gangrenous appendicitis. According to the ROC analysis, 
when the cut-off value was 8.92 in the differential diagnosis 
of AA, it has 73% sensitivity and 57% specificity (AUC 0.57; 
95% CI 0.49-0.62; p=0.0005).28

In our series, MPV did not differ significantly between the 
negative appendectomy group and AA group or between 
perforated and non-perforated groups. Moreover, MPV has 
no diagnostic value for either AA or perforated appendicitis.

Study Limitations
The most important limitation of this study was its 
retrospective nature. In addition, only patients who 
underwent appendectomy were included in the study, as 
patients suspected of AA who did not undergo surgery were 
excluded.

Conclusion
RDW is helpful in the diagnosis of AA and detection of 
perforated appendicitis, but it has no sufficient diagnostic 
value when used alone. Normal RDW values cannot exclude 
AA alone. MPV has a low clinical value in the diagnosis of 
AA and in the detection of perforated appendicitis.
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