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Abstract

Aim: Whether it is possible to differentiate complicated from
uncomplicated acute appendicitis (AA) by using complete blood count
(CBC) is controversial. In this study, we analysed the predictive value of
CBC in differentiating complicated from uncomplicated AA.

Methods: In this retrospective study, we analyzed records of patients
who underwent appendectomy in our clinic between January 1, 2015
and January 1, 2018. The demographic data and CBC reports were
collected.

Results: Two hundred thirty-five patients underwent appendectomy
due to AA. Of the 235 patients, 164 (69.8%) had non-complicated
and 71 (30.2%) had complicated AA. The mean white blood count
(WBCQ), red cell distribution width (RDW), platelet and plateletcrit count
were significantly higher in patients with complicated AA than in those
with uncomplicated AA (p=0.001; p<0.01, p=0.049, and p=0.006,
respectively). Both the mean neutrophil count and percentage were
statistically higher in complicated AA patients (p=0.001 and p<0.01,
respectively). The basophiltolymphocyte ratio (BLR) and neutrophil-
tolymphocyte ratio (NLR) were significantly higher in patients with
complicated AA (p=0.001 and p<0.01, respectively). Logistic regression
analysis showed that WBC and RDW were independent diagnostic
factors for complicated AA [odss ratio (OR) 5.079 (95% confidence
interval (Cl): 2.29-11.24 and OR 1.412 (95% ClI: 1.1-1.98), respectively]
(p<0.001 and p=0.046, respectively). The sensitivity, specificity, positive
and negative predictive values in complicated AA for BLR were 67.35%,
64.04%, 44.6% and 82%, and for NLR were 73.47%, 66.67%, 48.6%
and 85.4%, respectively.

Conclusion: Elevated NLR, BLR and RDW, WBC and neutrophil count
may help differentiate complicated from non-complicated AA.

Keywords: Acute appendicitis, complete blood count, complicated
appendicitis
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Amac: Komplike akut apandisitin (AA) ayirici tanisinda tam kan
sayiminin kullanilabilecegi konusunda tartismalar devam etmektedir. Bu
calismada tam kan sayiminin komplike AA ayirici tanisindaki kestirim
degeri arastirild.

Yontemler: Ocak 2015 ile Ocak 2018 tarihleri arasinda apendektomi
ameliyati olan hastalarin dosyalari geriye dénuk incelendi. Demografik
verilerle tam kan sayiminin sonuglari toplandi.

Bulgular: iki yiiz otuz bes hasta AA nedeni ile apendektomi ameliyati
oldu. Bu 235 hastadan, 164'lnde (%69,8) non-komplike AA tespit
edilirken 71'inde (%30,2) komplike AA bulundu. Ortalama beyaz kiire
sayisi (WBC), kirmizi kiire dagilim genisligi (RDW), trombositlerin sayimi
ve plateletcrit serum dlzeyleri komplike AA olan hastalarda anlamli
derecede ylksek (sirasiyla, p=0,001; p<0,001; p=0,049; p=0,006).
Hem nétrofil sayisi hemde nétrofilin ylzdelik orani komplike AA olan
hastalarda anlamli derecede yiksek bulundu (sirasiyla, p=0,001;
p<0,01). Komplike olmayan AA'larla karsilastirildiginda komplike AA
olan hastalarda hem basofiHenfosit orani (BLR) hem de notrofil-enfosit
orani (NLR) anlamli derecede yiksek bulundu (sirasiyla, p=0,001;
p<0,01). Multivariant analiz ile yapilan incelemede WBC ve RDW'nin
komplike AA'da bagimsiz tanisal degeri oldugu tespit edildi [tahmini
rolatif risk 5,079 %95 glven araligi (GA): 2,29-11,24; p<0,001]; RDW
icin tahmini rolatif risk 1,412 (%95 GA:1,01-1,98; p=0,046). Komplike
AA'da BLR icin duyarliik %67,35; 6zglllik %64,04; pozitif kestirim
degeri %44,6 ve negatif kestirim degeri %82 bulunurken NLR icin
duyarlilik %73,47; 6zgullik %66,67; pozitif kestirim degeri %48,6 ve
negatif kestirim degeri %85,4 olarak tespit edildi.

Sonug: Yiksek NLR BLR ve RDW degerleri ile birlikte artmis WBC ve
nétrofil sayimi komplike AA'nin ayiricl tanisinda kullanilabilir.

Anahtar Sozciikler: Akut apandisit, tam kan sayimi, komplike
apandisit
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Introduction

Acute appendicitis (AA) is the most common cause
of abdominal surgical emergency in the world (1,2).
Although it is very common, accurate diagnosis sometimes
can be very challenging (3). Wrong or delayed diagnosis
may cause unnecessary risk of complicated AA (4),
therefore, correct and timely diagnosis is very important
(5,6). The diagnosis generally depends on the clinical
evaluation and abdominal imaging such as ultrasound
and computed tomography (7). Nonetheless, problems
may exist with radiological imaging in some hospitals due
to unavailability of imaging equipment (8-10).

Complete blood count (CBC) is used as a part of routine
tests for AA. It has been well known that white blood cell
count (WBC) and neutrophil count are increased in AA
(11). However, their sensitivity and specificity are low for
accurate diagnosis (12). Although, some CBC parameters
such as neutrophil-to-lymphocyte ratio (NLR), platelet,
mean platelet volume (MPV), plateled distribution width
(PDW) and red cell distribution width (RDW) have been
studied for the diagnosis of AA, it is not clear whether they
can be used in differentiating complicated AA from non-
complicated AA (13-18). Although few studies have been
studied to identify CBC components for differentiating
complicated from non-complicated AA, the value of CBC
has yet to be investigated in details (19-22).

This study was planned to evaluate the predictive
value of all components of CBC in differentiating non-
complicated AA from complicated AA.

Methods

This retrospective study was performed on adults who
underwent appendectomy for AA from January 1, 2015
to January 1, 2018. Data was collected retrospectively
and analyzed. The study was approved by Bilent Ecevit
University Ethical Board Review and registered with a
number of 2018-145-23/05. Two hundred thirty-five
patients were included in this study. Inclusion criteria
were being older than 18 years of age, nonpregnant and
having had initial blood test prior to surgery. Patients with
a pathologically normal appendix were excluded from the
study.

The patients were divided into two groups based on
pathological reports as complicated and non-complicated
AA. Complicated AA was considered perforated
appendicitis. The data collected for the study included
age, gender, WBC, neutrophil count and percentage,
lymphocyte count and percentage, monocyte count and
percentage, eosinophil count and percentage, basophil
count and percentage, red blood cell (RBC), RDW, PLT
count, plateletcrit (PCT), PDW, MPV, NLR, lymphocyte-
to-monocyte ratio (LMR), platelet-to-lymphocyte ratio
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(PLR), eosinophil-to-lymphocyte ratio (ELR), basophil-to-
neutrophil ratio (BNR), basophil-to-lymphocyte ratio (BLR).

Statistical Analysis

The results are defined as percentage (%) and as mean
+ standard deviation. The results were analyzed by chi-
square test, Student's t-test and the Mann-Whitney U
tests. Logistic regression analysis was used as multivariate
analysis. The parameters that predict complicated AA
were calculated by receiver operating characteristic (ROC)
curve analysis. The confidence interval (Cl) was set at 95%
and a p-value of less than 0.05 was considered statistically
significant. Number Cruncher Statistical System (NCSS)
software version 2007 (NCSS LLC, Kaysville, Utah, USA)
was used for statistical analysis.

Results

Two  hundred thirty-five patients underwent
appendectomy due to AA. Of these patients, 134 (62%)
had open surgery and in 90 (38%), the surgery was
commenced laparoscopically but was converted to open
surgery in 11 (12%). One hundred twenty-one (51%)
patients were male and 114 (49%) were female. The
mean age was 41+19 years (range:16-86).

Of the 235 patients, 164 (69.8%) patients had non-
complicated AA, while 71 (30.2%) had complicated AA.
The mean age of the patients with complicated AA was
statistically significantly lower than patients with non-
complicated AA (36120 vs 34+18, p=0.035). There was
no significant difference in the rate of female gender
between the groups (53% vs 43%, p=0.872).

The results of univariant analysis are shown in Tables 1,
2 and 3. There was no statistically significant difference
in the mean RBC, MCV, MPV, and PDW (p>0.05). The
mean WBC, RDW, PLT and PCT was significantly higher in
patients with complicated AA (p=0.001; p<0.01, p=0.049
and p=0.006, respectively).

There was no statistically significant difference in the
mean lymphocte count (p>0.05), while the lymphocyte
percentage was statistically lower in patients with
complicated AA compared to those with non-complicated
AA (p=0.001). The mean number of monocytes was
statistically significantly higher in patients with complicated
AA (p=0.001), while the monocyte percentage was not
different between the groups (p>0.05). Both the mean
neutrophil count and percentage of neutrophil were
statistically significantly higher in patients with complicated
AA when compared with non-complicated AA (p=0.001).
Although there was no significant difference in the mean
eosinophil count between the groups (p>0.05), the
eosinophil percentage was statistically higher in patients
with complicated AA (p=0.004). The average basophil
level was significantly higher in patients with complicated
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AA (p=0.001), while no significant difference was found
in the percent of basophil between the groups (p>0.05).
There was no significant difference in ELR, BNR, LMR
and PLR between the groups (p>0.05), while the BLR and
NLR were statistically higher in patients with complicated AA
than in those with non-complicated AA (p=0.001, Table 3).

A logistic regression analysis revealed the potential
diagnostic factors in complicated AA; WBC, RDW, PLT,
PCT, monocyte, eosinophil percentage, BLR and NLR were
analyzed. Of these values, only WBC and RDW were
determined as independent diagnostic factors [odds ratio
(OR) 5.079 (95% Cl: 2.29-11.24, p<0.001, OR 1.412 (95%

Table 1. The analysis of complete blood count in groups

Mean * SD Groups
Non-complicated AA (n=164) Complicated AA (n=71) p

WBC (x10%/mm?3) 13.37+4.88 10.91+3.15 18.96+3.24 0.001**
RBC (x10%/mm?) 4.65+0.66 4.58+0.53 4.8+0.87 £0.110
RDW (%) 15.1£3.57 14.28+2.73 16.97+4.48 ?0.001**
PLT (x10°/mm?3) 243.63+80.57 235.46+74.01 262.26+91.93 0.049*
PCT (%) 0.39£1.62 0.31£1.14 0.56+2.39 20.006**
MPV (fL) 8.74+2.88 8.54+1.36 9.2+4.79 °0.812
PDW (%) 17.28+3.68 17.23+3.56 17.38+3.98 20.494

3Mann-Whitney U Test, ®Student t-test, *p<0,05, **p<0,01, RDW: Red distribution width, PLT: Platelet count, PCT: Platelet crit, PDW: Platelet distribution width, MPV: Mean
platelet volume, SD: Standard deviation, AA: Acute appendicitis, WBC:White blood cell, RBC: Red blood cell

Table 2. The analysis of white blood count subgroups counts and percentages in groups

Mean + SD Groups
Non-complicated AA (n=164) Complicated AA (n=71) p
Lymphocyte (x103/mm?) 1.72+0.76 1.66+0.75 1.88+0.76 ©0.088
Lymphocyte percentage (%) 14.65+9.01 16.36+9.84 10.68+4.79 20.001**
Monocyte (x10°/mm?3) 1+0.97 0.95+1.11 1.11+0.55 °0.001**
Monocyte percentage (%) 7.18+5.33 7.66£6.11 6.08+2.49 °0.115
Neutrophile (x10/mm?) 10.32+4.66 8.14£3.15 15.41+3.48 ®0.001**
Neutrophile percentage (%) 75.85+13.81 72.74£14.92 83.08+6.57 20.001**
Eosinophil (x103/mm?) 0.12+0.16 0.12+0.15 0.12+0.18 ?0.327
Eosinophil percentage (%) 1.06+1.8 1.23+2.03 0.68+1.02 20.004**
Basophil (x103/mm3) 0.07+0.14 0.07+0.15 0.09+0.12 20.001**
Basophil percentage (%) 0.61+0.92 0.65+1.01 0.52+0.66 °0.649
aMann-Whitney U test, "Student t-test, **p<0.01, AA: Acute appendicitis, SD: Standard deviation
Table 3. The analysis of white blood count subgroups ratio in groups
Mean * SD Groups
Non-complicated AA (n=164) Complicated AA (n=71) p
ELR 0.07+0.09 0.07+0.09 0.06+0.1 20.220
BNR 0.01+0.02 0.01+0.02 0.01+0.01 20.191
BLR 0.05+0.16 0.05+0.15 0.07+0.18 ?0.001*
NLR 7.8+7.21 6.52+5.15 10.77+10.01 20.001*
LMR 0.06+0.7 0.01+0.01 0.19+1.28 °0.739
PLR 175.95+£139.06 178.76+138.89 169.43+140.68 °0.642

2Mann-Whitney U test, *p<0.01, ELR: Eosinophil lymphocyte rate, BNR: Basophil neutrophile rate, BLR: Basophil lymphocyte rate), NLR: Neutrophile lymphocyte rate, LMR:
Lymphocyte monocyte rate PLR: Platelet lymphocyte rate, AA: Acute appendicitis, SD: Standard deviation
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Cl: 1.01-1.98, p=0.046), respectively]. The other values
such as PLT, PCT, monocyte, eosinophil percentage, BLR
and NLR were significant in multivariant analysis (p>0.05,
Table 4).

Predictive value of significant parameters was analyzed
with ROC curve (ROC) analysis. The cut off point for BLR was
found to be 0.001 in the groups. The sensitivity, specificity,
and positive and negative predictive values for BLR were
67.35%, 64.04%, 44.6% and 82%, respectively (Table

5). In addition, the area under ROC and standard error
for BLR were found to be 64.9% and 4.7%, respectively
(Figure 1). The cut off point for NLR was found to be 6.56
in the groups. The sensitivity, specificity, and positive and
negative predictble values for NLR were 73.47%, 66.67%,
48.6% and 85.4%, respectively (Table 5). The area under
ROC and standard error for NLR were found to be 72.2%
and 4.1%, respectively (Figure 2).

Table 4. Logistic regression analysis of independent diagnostic factors in patients with complicated acute appendicitis

p oDDS %95 CI

Lower Upper
Age (year) 0.737 1.009 0.956 1.065
WBC (x103/mm?) 0.000** 5.079 2.294 11.242
RDW (%) 0.046* 1.412 1.006 1.982
PLT (x10%/mm?) 0.940 0.999 0.961 1.037
PCT (%) 0.998 0.936 0.000 2.54+20
Monocyte (x103/mm?) 0.328 0.163 0.004 6.170
Eosinophil percentage 0.631 1.303 0.442 3.837
BLR 0.740 0.224 0.000 1540.484
NLR 0.335 0.912 0.755 1.100

*p<0.05, **p<0.01, BLR: Basophil lymphocyte rate, NLR: Neutrophile lymphocyte rate, PLT: Platelet count, PCT: Platelet crit, RDW: Red distribution width, WBC: White blood
count, ODDS: Cl: Confidence interval

Table 5. Receiver operating characteristic curve for the predictors (basophil lymphocyte rate and neutrophile lymphocyte rate) of
patients with complicated acute appendicitis

Diagnostic scan ROC curve p
Cut off Sensitivity Specificity Positive Negative Area 95% confidence
predictive value | predictive value interval
BLR =0.001 67.35 64.04 44.6 82.0 0.649 0.557-0.740 0.003*
NLR =6.56 73.47 66.67 48.6 85.4 0.722 0.643-0.802 0.001*

*p<0.01, BLR: Basophil lymphocyte rate, NLR: Neutrophile lymphocyte rate, ROC: Receiver operating characteristic

ROC Curve
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Figure 1. Receiver operating characteristic curve analysis of
basophil lymphocyte rate for patients with complicated acute
appendicitis

ROC: Receiver operating characteristic
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Figure 2. Receiver operating characteristic curve analysis of
neutrophile lymphocyte rate for patients with complicated acute
appendicitis

ROC: Receiver operating characteristic
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Discussion

Delayed or inaccurate diagnosis of AA may cause
some complications such as perforation or gangrenous AA
(23). Radiological imaging can diagnose complicated AA,
however, but it may not be available in some hospitals.
CBC is relatively cheap and can be available almost in
all hospitals. Therefore, CBC has been studied for the
diagnosis of AA, but the predictive value of CBC in the
diagnosis of complicated AA needs to be determined yet.
In this study, we found out that some CBC components,
such as NLR, BLR, RDW and WBC, have the capacity to
differentiate complicated AA from non-complicated AA.

In the current study, the mean age was lower in
complicated patients and this is not consistent with a
previous study (13). It might be due to the fact that the
diagnosis of complicated AA in elderly is easier than in
younger patients, since older patients may have more
severe symptoms and get more medical attention. There
was not any difference in gender between the two groups.

In this study, the results of univariate analysis of CBC
revealed that WBC was statistically significantly higher
in patients with complicated AA, consistent with some
previous studies (13,14). Increased neutrophil count
and percentage in complicated AA was consistent with
a study reported in the literature (22), while lymphocyte
count was not different between complicated and
non-complicated AA in this study. The reason for lower
lymphocyte percentage was most likely due to higher
neutrophil count in complicated AA and needs further
study for confirmation. The other components of WBC,
such as monocyte and basophil counts, were higher in
complicated AA, but the percentages were not diferrent
between the two groups and that was also most likely due
to higher neutrophil count in complicated AA. There was
no difference in eosinophil count between the groups, but
the percentage was found to be higher in non-complicated
AA due to lower neutrophil and other subgroup of WBC
in non-complicated AA. No WBC component was found
as an independent diagnostic factor for complicated AA
in logistic regression analysis. However, logistic regression
analysis showed that elevated WBC was a risk factor for
complicated AA [OR 5.079 (95% Cl: 2.29-11.24)]; that
was consistent with the literature (24).

[t has been shown that NLR can be used for the
diagnosis of AA (14). In this study, consistent with the
literature, univariant analysis showed that NLR was
statistically significantly higher in complicated AA (13,14).
Although NLR was not a risk factor for complicated AA
in multivariate analysis, ROC analysis showed that the
sensitivity and specificity, and positive and negative
predictive values for NLR were 73.47%, 66.67%, 48.6%
and 85.4%, respectively. We assume that BLR, which
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was significantly higher in patients with complicated AA,
may be a novel parameter for the diagnosis of AA. To
our knowledge, no study has showed the value of BLR in
AA. In our study, univariant analysis showed that BLR was
higher in patients with complicated AA. Although BLR was
not an independent diagnostic factor for complicated AA
in logistic regression analysis, the sensitivity and specificity,
and positive and negative predictive values were 67.35%,
64.04%, 44.6% and 82%, respectively. We found no
difference in ELR, BNR, LMR and PLR between the groups.

Our results did not reveal any difference in RBC
between the groups. However, (although diagnostic value
of RDW in complicated AA has been studied (17,18), Our
results did not reveal any difference in RBC between the
groups. Consistent with a previous study that included
215 patients and showed that the level of RDW was
statistically significantly higher in AA (25), in this study,
RDW was found to be an independent diagnostic factor
for complicated AA.

Ithas been reported that PLT increases in infections(26).
In addition, PLT, MPV. PDW, and PCT have been studied to
determine whether they can be used for the diagnosis of
complicated AA (15,16). There are conflicting reports in
the literature; showed that PLT count had no diagnostic
value in AA (27), while Aydogan et al. (16) reported that
PLT count was significantly increased in complicated AA.
In a univariant analysis, our result showed that PLT count
was statistically higher in complicated AA. However, it was
not found as an independent diagnostic factor in logistic
regression analysis. Although some studies have revealed
that MPV was significantly decreased in AA (15,28), we
did not find any difference between the groups. In the
current study, univariant analysis showed that PCT was
statistically higher in complicated AA that was consisted
with the literature (28). However, logistic regression
analysis failed to show PCT as an independent diagnostic
factor. Although a previous study reported that PDW
increased in complicated AA, our study failed to show a
significant relationship between PDW and complicated
AA (16).

Conclusion

Elevated NLR, BLR and RDW with increased WBC and
neutrophil count may help diagnose complicated AA.
Since CBC is available almost in all hospitals, the use of
these values will help make timely diagnosis. BLR is a novel
indicator that was determined in this study. In conclusion,
we assume that NLR, BLR, RDW and WBC values can be
used in the diagnosis of complicated AA.
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