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ABSTRACT
Objective: Appendectomy is the most common urgent surgical procedure but a diagnosis of acute appendicitis still remains
challenging. In this retrospective study, we aimed to evaluate the value of the complete blood count (CBC) test parameters in
acute appendicitis.
Materials and methods: Data of 131 patients who underwent appendectomy between January 2016 – December 2016 were
collected retrospectively. Demographic features, CBC parameters and final histopathological results of the patients were
recorded. The patients were divided into two groups according to the final pathological results (Group 1: Acute appendicitis
group, Group 2: Normal appendices group) and were compared in terms of WBC (white blood cell), platelet count, hemoglobin
level, RDW (red cell distribution width), MPV (mean platelet volume) and NLR (neutrophil to lymphocyte ratio) values.
Results: 13 of 131 patients had normal appendices. WBC, platelet and NLR values were signifcantly higher in Group 1 compared
to the Group 2 (p<0.001, p<0.017, p<0.001 respectively). MPV value was significantly lower in Group 1 compared to the Group
2 (p<0.041). The cut-off levels for WBC, platelet, MPV and NLR were ≥9200 µL (sensitivity: 84.7%, specificity: 69.2%), ≥244500
µL (sensitivity: 57.6% specificity: 84.6%), ≤8.15 fl (sensitivity: 69.2%, specificity: 64.4%) and ≥2.795 (sensitivity: 81.4%
specificity: 76.9%) respectively.
Conclusion: In addition to WBC, NLR, platelet and MPV levels can be helpful for acute appendicitis diagnosis with no extra costs.
Keywords: Appendicitis, red cell distribution width, platelets, neutrophil, lymphocyte

AKUT APANDISIT TANISINDA TAM KAN SAYIMI PARAMETRELERININ TANISAL DEĞERI: SADECE BEYAZ KÜRE DEĞERINI
DIKKATE ALMAMALIYIZ
ÖZET
Amaç: Appendektomi en sık yapılan acil cerrahi girişim olmasına rağmen akut apandisit tanısını koymakta zorluklar görülebilmektedir. Bu retrospektif çalışmada tam kan sayımı (TKS) parametrelerinin akut apandisit tanısındaki öneminin araştırması
hedeflenmiştir.
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Gereç ve Yöntem: Ocak 2016-Aralık 2016 yılları arasında appendektomi uygulanan 131 hastanın verileri retrospektif olarak incelenmiştir. Hastaların demografik özellikleri, TKS parametreleri ve histopatolojik inceleme sonuçları kaydedilmiştir. Hastalar
patoloji sonuçlarına göre iki gruba ayrılmıştır (Grup 1: akut apandisit grubu, Grup 2: normal appendiks grubu). İki grubun beyaz
küre, trombosit, hemoglobulin seviyeleri ile RDW (red cell distribution width), MPV (mean platelet volume) ve NLR (nötrofil/
lenfosit oranı) değerleri karşılaştırılmıştır.
Sonuçlar: Yüz otuz bir hastanın 13’ü normal appendikse sahipti. Beyaz küre, platelet ve NLR değerleri Grup 1’de anlamlı olarak
daha yüksek bulundu (p<0,001, p<0,017, p<0,001). MPV değeri Grup 1’de anlamlı olarak daha düşük saptandı (p<0,041).
Beyaz küre, platelet, MPV ve NLR değerleri için cutt-off değerleri sırası ile were ≥9200 µL (sensitivite: %84,7, spesifisite: 69,2%),
≥244500 µL (sensitivite: %57,6, spesifisite: %84,6), ≤8,15 fl (sensitivite: %69,2, spesifisite: %64,4) ve ≥2,795 (sensitivite:
%81,4 spesifisite: %76,9) olarak bulundu.
Sonuç: Beyaz küre değerine ek olarak NLR, platelet ve MPV değerleri de herhangi bir maliyete neden olmadan akut apandisit
tanısında faydalı olabilir.
Anahtar sözcükler: Apandisit, RDW, platelet, nötrofil, lenfosit
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A

cute appendicitis is the most common cause
of acute abdominal pain and appendectomy is
the most common urgent surgical procedure
throughout the world (1). The overall lifetime risk is 8.6%
for males and 6.4% for females (2). Negative appendectomy rates decreased from 15–25% to 2–6% in parallel
with the improvements in diagnostic methods (1, 3, 4).
Although mortality rates are 1–2% in various series, severe mortality rates were reported, especially in patients
older than 65 years old (5, 6). Despite the low negative
appendectomy rates, accurate preoperative diagnosis of
acute appendicitis is still very important to prevent unnecessary appendectomies because of the cumulative
number of cases.
A complete blood count (CBC) test is widely used for the
diagnosis of acute appendicitis. An increase in white blood cell (WBC) count is significant for acute appendicitis,
however, it has low specificity and can be misleading
particularly in the geriatric population (7, 8). Recently
some authors suggested that parameters in CBC could
be helpful for the diagnosis of acute appendicitis (9). In
this retrospective analysis, it was aimed to evaluate the
diagnostic role of the CBC parameters in acute appendicitis including red cell distribution width (RDW), neutrophil-lymphocyte ratio (NLR) and mean platelet volume
(MPV).

Materials and Methods
This single-center retrospective and cross-sectional
study were conducted on patients who were admitted
to the emergency room of the Samsun Education and
Research Hospital between January 2016 – December
2016 and underwent appendectomy for acute appendicitis. Samsun Education and Research Hospital is the biggest city of the northern region of Turkey and this center
is a referral governmental hospital of the region. Patients
younger than 16 years old who had undergone additional surgical procedures or interval appendectomy were
excluded from the study. Venous blood samples were
taken from the patients into EDTA tubes within 12 hours
in the preoperative period to analyze the WBC, RDW,
MPV parameters by an automatic hematology analyzer
(Coulter LH 780 Hematology Analyzer, Beckman Coulter
Inc, CA, USA). Demographic features and CBC parameters were recorded. The patients were divided into two
groups according to the final histopathological results.
Group 1; acute appendicitis (including; complicated appendicitis such as gangrenous, perforated or phlegmon
appendicitis (AA) and Group 2: normal appendix.

Statistical analysis
SPSS 24.0 (IBM Corporation, Armonk, New York, United
States) software was used for statistical analysis. ShapiroWilk test was used to determine the normal distribution
of the data. Quantitative data of two independent groups
were compared by Independent-Samples t-test with
Bootsrap results. Mann-Whitney U test was used with
Monte Carlo simulation. Parametric variables of multiple
independent groups were compared by One –Way Anova
test (Brown-Forsythe) and non-parametric variables were
compared by the Kruskal-Wallis H test with Monte Carlo
simulation. Fisher Exact test was used to compare categorical variables and the Fisher-Freeman-Halton test was
given with Monte Carlo simulation. Receiver Operating
Curve (ROC) analysis was used to determine the cut-off
values of the parameters. Variables were analyzed with a
95% confidence interval and a p-value of less than 0.005
was considered significant.

Results
131 patients who underwent appendectomy were included in the study. 96 (73.3%) patients were male and
35 (26.7%) were female. The median age was 32 (16–83).
13 (9.9%) patients had pathologically normal appendices according to the final histopathological results. There
was no significant difference between acute appendicitis
(Group 1) and negative appendectomy (Group 2) group
in terms of age and gender (p=0.603 and p=0.512 respectively). Hemoglobin, RDW and lymphocyte values did not
show a significant difference between the two groups
(p=0.670, p=0.736 and p=0.370 respectively). WBC values
were significantly higher in Group 1. The median value of
WBC was 13350 µL (4700–30700) in group 1 and 7400 µL
(4800–15400) in Group 2 (p<0.001). Median thrombocyte
counts were 255000 µL (120000–681000) in Group 1 and
201000 µL (176000–316000) in Group 2 and the difference was statistically significant (p=0.017). Median MPV
value was 7.9 fl (5.6–13.9) in Group 1 and 8.5 fl (7.3–9.9)
in Group 2 and the difference was statistically significant
(p=0.041). There was a significant difference between the
groups when comparing the NLR values (p=0.001). The
median NLR value was 5.05 (0.76–45.33) in Group 1 and
2.25 (1.05–25) in Group 2 (Table 1).
For WBC count, the best cut-off value was 9200 µL and
sensitivity and specificity of the value was 84.7% and
69.2% respectively (AUC ± SE: 0.811±0.059). For the platelet level, the best cut-off value was 244500 µL and sensitivity and specificity of the value was 57.6% and 84.6%
respectively (AUC ± SE: 0.699±0.071). For MPV value 8.15
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Table 1. Comparison of demographic and CBC parameters of the groups
Group 1

Group 2

Total

(n=118)

(n=13)

(N=131)

n (%)

n (%)

n (%)

Female

33 (28.0)

33 (28.0)

35 (26.7)

Male

85 (72.0)

85 (72.0)

96 (73.3)

Median (Min. –Max.)

Median (Min. –Max.)

Median (Min. –Max.)

Age

32 (16–83)

28 (16–79)

32 (16–83)

0.603

WBC

13350 (4700–30700)

7400 (4800–15400)

13100 (4700–30700)

<0.001

Hgb

14.6 (7.4–17.1)

14 (12–16)

14.5 (7.4–17.1)

0.670

P Value

Sex
0.512

PLT x1000

255 (120–681)

201 (176–316)

252 (120–681)

0.017

Neutrophil

10800 (1100–27900)

4400 (2200–11800)

10000 (1100–27900)

<0.001

1900 (300–11300)

2100 (400–3900)

1900 (300–11300)

0.370

Lymphocyte
RDW

13.3 (11.9–18.3)

13.5 (12–17.5)

13.3 (11.9–18.3)

0.736

MPV

7.9 (5.6–13.9)

8.5 (7.3–9.9)

7.9 (5.6–13.9)

0.041

NLR

5.05 (0.76–45.33)

2.25 (1.05–25)

4.76 (0.76–45.33)

0.001

Mann Whitney U test (Monte Carlo); Fisher Exact test (Exact); WBC, white blood cell; Hgb, hemoglobin; PLT, platelet; RDW, red cell distribution width, MPV: mean platelet volume,
NLR: neutrophil to lymphocyte ratio; Max., maximum; Min., Minimum.

fl was the best cut-off value with 69.2% sensitivity and
64.4% specificity (AUC. ± SE: 0.672±0.072). Finally, 2.795
was the best cut-off value of NLR with 81.4% sensitivity
and 76.9% specificity (AUC ± SE: 0.773±0.075) (Table 2,
Figure 1). The negative and positive predictive values of
the parameters were given in Table 3.

Table 2. Cut-off values of the parameters
Cut-Off

Sensitivity

Specificity

AUC ± SE.

P Value

WBC

9200

84.7%

69.2%

0.811±0.059

<0.001

PLT

244500

57.6%

84.6%

0.699±0.071

0.019

NEU

6900

78.8%

76.9%

0.818±0.054

<0.001

MPV

8.15

69.2%

64.4%

0.672±0.072

0.042

NLR

2.795

81.4%

76.9%

0.773±0.075

0.001

WBC, white blood cell; PLT, platelet; NEU, neutrophil; MPV, mean platelet volume;
NLR, neutrophil to lymphocyte ratio; AUC, area under curve; SE, standart error.

Table 3. Overall acurracy rates of the parameters
PPV%

NPV%

Acurracy%

WBC

96.2

36

84.7

PLT

97.1

18

60.3

MPV

95

17.6

64.8

NLR

96.9

31.2

90.9

WBC, white blood cell; PLT, platelet; MPV, mean platelet volume; NLR, Neutrophil to
lymphocyte ratio; PPV, positive predictive value; NPV, negative predictive value.

Discussion

Figure 1. A–D. ROC curves of CBC parameters; WBC (A), PLT (B),
NLR (C), MPV (D).
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Negative appendectomies are causing an increase in
mortality and morbidity, as well as causing an additional financial burden on health care systems. In addition
to clinical findings, laboratory and imaging studies are
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helpful for the diagnosis of acute appendicitis. Especially
computed tomography scan has high rates of specificity
and sensitivity but also has some disadvantages including high dose radiation, requiring experienced radiologist and high costs (10). CBC is a cheap test, quick and
easy to apply and is used routinely for the diagnosis of
acute appendicitis. Recently, various studies have been
published regarding some parameters that can be used
with WBC count for the diagnosis of acute appendicitis, acute pancreatitis and mesenteric vascular diseases
(7,9,11,12). RDW value is a part of CBC count and mostly
used for differential diagnosis of hematological diseases.
Moreover, some authors suggested that increased RDW
values were related with poor prognosis in heart failure,
coronary artery diseases, pulmonary hypertension, diabetes mellitus and stroke (13–17). Also, it has been shown
that in acute inflammatory diseases such as acute pancreatitis and acute mesenteric ischemia, RDW values were
increased (11, 18). There are contradictory results on the
value of RDW and acute appendicitis in the literature. In
2013 Narci et al. compared 590 patients whom operated
for acute appendicitis with the control group of 121 individuals and showed that RDW value is lower in the acute
appendicitis group than in the control group (19). Similar
results were reported by Toktaş et al. (20). 344 pediatric
acute appendicitis cases were compared with 200 healthy
control cases by Bozlu et al. and it had been reported that
RDW values were higher in the acute appendicitis group
than in the control group. But in subgroup analysis, there
was no significant difference between simple appendicitis
and complicated appendicitis groups in terms of RDW value (21). Ulukent et al. and Tanrikulu et al. did not find any
association between RDW value and acute appendicitis in
their studies (9, 22). We also did not find any significant
difference between the occurrence of acute appendicitis
and RDW values (p=0.736).
There are some studies about the relationship between
acute appendicitis and MPV values. Albayrak et al. reported lower MPV values in their 226 AA (Acute Appendicitis)
patients than in the control group (p<0.001) and they
found 7.6 fl as the best cut-off value (23). Similar results
had been reported by Fan et al. and Erdem et al (24, 25).
In our study, like the authors above, we found lower MPV
rates in the AA group. But unlike these studies, we compared AA patients with negative appendectomy (NA) patients, not healthy control groups. Also, results incompatible with our study have been reported in the literature.
Narci et al. evaluated 503 AA patients and 121 healthy

individuals and reported that AA patients had higher MPV
values than in the control group (26). Uyanik et al. did not
find any significant difference between AA and the control group in their pediatric cohort (27).
In geriatric patients, WBC levels may be completely at
normal ranges due to the attenuated immune response
(7). Some authors suggested that high NLR levels may
indicate acute appendicitis. Kahramanca et al. evaluated
1067 AA cases and found a significant difference between
AA and NA group. In that paper 4.68 and higher levels of
NLR significantly differentiate a normal appendix and AA.
They also suggest that higher levels of NLR are an indicator of complicated AA. However, specificity and sensitivity
of NLR were found low (28). Similar results were obtained
by several authors (21, 29–31). In our study, we found the
cut-off value of 2.795 and we suggested that NLR values
≥2.795 indicates AA with an 81.4% sensitivity and 76.9%
specificity (AUC ± SE: 0.773±0.075)
As an uncommon finding, platelet count was significantly
higher in the AA group than in the NA group (p=0.017)
in our study. Several studies showed that platelets have
a critical role in the inflammatory process by interacting
with other inflammatory cells and/or secreting mediators
(31–33). But to our knowledge, there is no study in the literature about the relationship between the platelet count
and AA. The mediators secreted in the acute inflammatory process induce stem cell stimulation in the bone marrow and other hematopoietic organs which may result in
a high platelet count. But further studies are needed to
confirm this hypothesis.
Our study has some limitations. Firstly, the number of
cases particularly in the NA group is low. In addition, this
study is a retrospective analysis and studies such as ultrasonography and computed tomography have not been
included in the study which reduces the power of the
article.
In conclusion, CBC, as a simple test, can help in the diagnosis of AA by the NLR and MPV parameters, in addition to
the WBC count. We suggest that, with using a larger number of cases, more accurate cut-off values will be obtained
and a new scoring system can be created or will be integrated into the available scoring systems.
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