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Abstract

Background: Acute appendicitis is the most encountered surgical dilemmas, this attributed to the lack of unique symptoms or signs and the
low sensitivity of available laboratory tests.

Aim of study: to assess the ability of complete blood count parameters in diagnosing acute appendicitis.

Patients & methods: a case control study done at a general surgical hospital over 1 year during which all patients with clinical features of
acute appendicitis and were candidates for appendectomy were enrolled. Diagnosis was confirmed by histopathological study and classified
into inflamed appendix [group A], and normal appendix group [group B]. Control group [group C] included 50 healthy adults.

Results: A total of 115 patients were enrolled, group A (91 cases), group B (24 cases), and group C (50 cases). Mean platelet volume (MPV),
neutrophil-to-lymphocyte ratio (NLR) and Platelet-Lymphocyte ratio (PLR) were significantly different from control and from cases of
negative appendectomies with sensitivity (SN) and specificity (SP) as follow: MPV SN 90.1%, SP 79.7%, NLR SN 89%, SP 70.3%, PLR
SN 83.5%, SP 74.3%

Conclusion: The use of the complete blood count parameters MPV, NLR and PLR sensitive and specific for diagnosis of acute appendicitis
and can be used as an aid in difficult diagnoses to reduce the rate of negative appendectomies.
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INTRODUCTION Elevgted White blood cells couqt (WB_C) may give an ideaon

the diagnosis, but not always this applied as third of cases had
Inflammation of the appendix is a common health problem no WBC elevation. A “left shift” with increased count of
affecting 8.6% of men and 6.7% of women, the age for  neutrophils (NEU) is more specific, nevertheless, not
peaked incidence is ranged from twenties to thirties. considered a general finding. Although C-reactive protein is
Although its rate decreased in developed countries, still increased in majority of cases again it is nonspecific to acute
considered as one of the most frequent emergent abdominal appendicitis[3].

operations[1].
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Acute appendicitis diagnosis is one of surgical dilemmas,
this attributed to the lack of unique symptoms or signs and
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The role of Interleukins and cytokines in diagnosis of AA
shown to be effective in diagnosing AA[3, 4], yet the cost
and availability are the limiting for their application.

For the reduction of unnecessary appendectomies, a more
applicable markers need to be investigated. the red cell
distribution width (RDW), was found to be associated with
many inflammatory conditions, as such it could be a good
candidate for detecting inflammation in case of AA[5].

Mean platelet volume changes reflect activation of platelet
and presence of inflammatory response that linked to disease
activity in many disorders such as preeclampsia, ischemic
heart disease, inflammatory bowel disease and acute
pancreatitis[5]. Recent studies have demonstrated that NLR,
and PDW are promising markers for the diagnosis of
inflammatory conditions including acute appendicitis [6].

The rate of negative appendectomy (NA)
(appendectomy of normal appendix) was high in many
studies (reach up to twenty-five percent)[7], this problem
could be reduced by finding a test with high negative
predictive ability to rule out such cases. As CBC is widely
available cheap and fast test to be performed routinely in
cases of acute appendicitis, a detailed evaluation for the
parameters of this investigation is paramount, for reduction
of the rate of NA.

Aim of the study is to assess the predictive ability of
complete blood count parameters in diagnosing acute
appendicitis and ruling out NA.

Methods

A case control study done at a general surgical hospital over
1 years (from September 2018 to September 2019). Study
sample included all admitted patients with clinical diagnosis
of AA during the before mentioned period. While cases with
previous abdominal surgery, pregnant patients, chronic
drug, or substance (alcohol and tobacco) users, those suffer
from chronic diseases, and morbidly obese patients were
excluded from the study.

All cases were interviewed for obtaining demographical
data, blood samples had been drawn from all participants for
estimation of CBC parameters and after appendectomy all
cases undergone histopathological (HP) examination and
according to the result of the HP the study sample divided
into those with HP diagnosis of appendicitis (group A) and
those with HP diagnosis of normal appendix or NA (group
B). A control group (group C) included 50 healthy
individuals of comparable age attending for routine check-
up.

Laboratory analysis: Before appendectomy, two milliliters
of venous blood collected into EDTA tubes and analyzed
using automated analyzer “ABX Micros ES 60 hematology
analyzer, Horiba, France”.

The ranges of the reference intervals were as follows:
. Leukocyte counts (WBC) 3.70-10.1x103/uL,

. Neutrophil (NEU): 1.63-6.96x10%/uL (39.3-73.7%),

. Lymphocyte (LYM): 1.09-2.99x103/uL  (18.0-

48.3%)

. Red blood cells distribution width (RDW): 11.5%-

14.5%,

. Mean platelet volume (MPV) 6.90-10.6 fL

. Platelet (PLT): 155-366x10%/uL,

. Plateletcrit= platelet count x MPV / 10000 (PCT):
0.21-0.35 %

. Platelet distribution width (PDW) 16-17.2 %

Histopathology: Cases were considered as acute appendicitis
if had predominant neutrophil infiltration of some or all the
wall of the appendix, with presence of mucosal erosion.
While cases with peri-appendiceal inflammation with no
mucosal erosion and non-predominant neutrophil infiltration
were considered NA.

Ethical considerations: The proposal of the study was
approved by the scientific and ethical committee of the same
hospital and the surgical board.

Verbal consent was obtained from all participants.

Statistical analysis: Statistical Package for the Social
Sciences (SPSS) V26 (IBM Corporation, Armonk, NY, USA)
were used in statistical analysis.

Data presented as tables (counts and percentage, means &
standard deviations); normality of data tested by Shapiro-
Wilk test. One-way ANOVA test used to estimate the
Univariate analysis and MANOVA test used to estimate
Multivariate analysis. The significant results further
undergone post hoc testing using Games-Howell test. P-value
considered significant if it was less than 0.05.

The significant variables were further analyzed to find the
predictive ability of acute appendicitis by running receiver
operating characteristic (ROC) analysis and selection of best
cutoff values of parameters using Youden's J test. At which,
the predictive ability and accuracy with area under curve
(AUC) estimated.

Results:

One hundred and fifteen cases were enrolled, 91 cases had HP
diagnosis of AA (Figure 1) represent 79.13% of
appendectomies (Group A), while the other 24 cases
(20.87%) had HP diagnosis of NA (Figure 2). While group
C included 50 samples.
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Figure 1: Example of AA cases.

Figure 2: Example of NA cases

The mean age of patients was not different (group A:
23.2+7.2 years, group B: 20.3+5.1 years, and group C:
28.6£3.6 years).

Descriptive analysis of groups A, B and C with significance
of differences between these groups were shown in Table 1.

In brief a significant difference between the three groups A
and C were found for WBC, LYM, NEU, PLT, RDW, MPV,
PCT, PDW, NLR and PLR on both univariate and
multivariate analysis.

On post HOC analysis mean WBC, NEU, MPV, PDW, NLR,
and PLR were different from both cases with normal
appendix by HP and control cases. While mean LYM, RDW,
and PLT were different from control but not different from
NA. on other hand mean PCT in case of AA was not different
from control.

Table 1: Distribution of CBC parameters according to the groups with level of significance.

Variables Group Mean +SD P value

Univariate Multivariate AVsB AVsC BVsC

WBC A 13.35+3.23

(10%/uL) B 8.72+2.63 <0.0001 <0.0001 <0.0001 <0.0001 0.625
C 9.32+2.59

LYM A 2.76+1.13

(10%/uL) B 3.13+0.87 <0.0001 <0.0001 0.206 <0.0001 0.085
C 3.66+1.18

NEU A 13.16+3.47

(10%/uL) B 10.52+3.4 <0.0001 <0.0001 0.005 <0.001 0.009
C 8.05+2.52

RDW A 14.17+1.99

(%) B 14.47+1.62 <0.0001 <0.0001 0.717 0.0001 0.0001
C 12.68+1.25

PLT A 315.56+92.45

(10%/uL) B 276.5£79.97 0.003 0.003 0.112 0.002 0.833
C 265.3+74.01

MPV A 5.78+1.94

(fL) B 9.9+1.84 <0.0001 <0.0001 <0.001 <0.001 0.535
C 10.39+1.83

PCT A 0.2+0.05

(%) B 0.25+0.06 <0.0001 <0.0001 0.004 0.645 0.001
C 0.19+0.05

PDW A 15.88+3.92

(%) B 13174292 0.001 0.001 0.001 0.03 0.272
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14.33+3.13

5.65+3.09
2.59+0.95 <0.0001 <0.0001 <0.001 <0.001 0.988
2.59+1.31

NLR

209.46+67.65
95.96+41.04 <0.0001 <0.0001 <0.001 <0.001 0.057
132.94+94.76

PLR

O|@>0m>0

*? LYM: Lymphocyte, MPV: Mean platelet volume, NEU: Neutrophil, NLR: Neutrophil-to-lymphocyte ratio, PCT:
Plateletcrit, PDW: Platelet distribution width, PLR: Platelet-Lymphocyte ratio, RDW: Red cell distribution width, SD: standard
deviation and WBC: White blood cells”.

Receiver operating characteristic curve of the patient group
(group A and group B) was shown in figures (3,4).
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Figure (4) ROC curve of LYM and MPV
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The predictive ability and AUC were shown in Table 2 with
cutoff points above which the test considered positive

regarding WBC, NEU, PLT, RDW, PCT, NLR and PLR and
the cutoff points below which the test considered positive
regarding LYM and MPV.

Table 2: cut off points, AUC, SN and SP determined from ROC curve, according to the cutoff points PPV, NPV and
accuracy of the test estimated.

Variables | Cutoff AUC SN (%) SP (%) PPV (%) | NPV (%) Acc
Point 95% ClI 95% ClI 95% ClI 95% ClI 95% ClI (%)

WBC 11.2 0.862 703 716 75.3 66.3 70.9%

103/uL (0.784-0.939) | (60.4-79.) | (60.7-80.9) | (65.4-83.5) | (55.5-75.9)

LYM 3.35 0.595 68.1 52.7 63.9 57.4 61.2%

103/pL (0.481-0.709) | (58.1-77) | (41.4-63.8) | (54.1-73.) | (45.5-68.6)

NEU 85 0.699 89.0 50. 68.6 787 71.5%

103/pL (0.584-0.815) | (81.4-94.2) | (38.8-61.2) | (59.9-76.5) | (65.5-88.5)

PLT 272 0.622 64.8 55.4 64.1 56.2 60.6%

103/pL (0.504-0.74) | (54.7-74.1) | (44.1-66.3) | (54.-73.4) | (44.7-67.1)

RDW 132 0.444 62.6 52.7 62. 53.4 58.2%

(%) (0.327-0.561) | (52.4-72.1) | (41.4-63.8) | (51.8-71.4) | (42.-64.5)

MPV 8.38 0.933 90.1 79.7 84.5 86.8 85.5%

(fL) (0.886-0.98) | (82.7-95) | (69.5-87.6) | (76.4-90.7) | (77.2-93.2)

PCT 0.195 | 0.288 53.8 44.6 54.4 44.0 49.7%

(%) (0.169-0.407) | (43.6-63.8) | (33.7-55.9) | (44.2-64.5) | (33.2-55.3)

PDW 1435 | 0.696 62.6 52.7 62.0 53.4 58.2%

(%) (0.585-0.806) | (52.4-72.1) | (41.4-63.8) | (51.8-71.4) | (42.-64.5)

NLR 2.96 0.874 89.0 70.3 78.6 83.9 80.6%
(0.805-0.943) | (81.4-94.2) | (59.2-79.8) | (70.0-85.7) | (73.3-91.4)

PLR 1307 | 0.933 83,5 743 80.0 786 79.4%
(0.883-0.983) | (74.9-90.) | (63.6-83.2) | (71.1-87.1) | (67.9-86.9)

*” Acc: Accuracy, AUC: Area under the curve, CI: Confidence interval, LYM: Lymphocyte, MPV: Mean platelet volume,
NEU: Neutrophil, NLR: Neutrophil-to-lymphocyte ratio, NPV: Negative predictive value, PCT: Plateletcrit, PDW: Platelet
distribution width, PLR: Platelet-Lymphocyte ratio, PPV: Positive predictive value, RDW: Red cell distribution width, SN:

Sensitivity, SP: Specificity, and WBC: White blood cells”.

Discussion:

Increased leucocytes count is widely used test to diagnose
acute appendicitis. Also it is considered as an early marker
of appendicular inflammation [8]. The rate of NA in this
study was 20.87%, comparable result found by Chan et al[7]
with NA rate of 22.09%.

WBC count was significantly different from groups B and C
and at a cutoff point of more than 11.2x103/uL, the SN and
SP of leukocyte level were 70.3% and 71.6%, respectively.
A comparable results found by Narci et al[5] found cutoff
value of 10.4x103/ uL with a 91% SN and 74% SP. Dinc et
al[9] found slightly lower cutoff value but with comparable
SN and SP (10.6x103/uL, 73.1% and 94% respectively).

A decreased LYM count was significantly
associated with clinical diagnosis of acute appendicitis,
nevertheless on comparison with HP diagnosis, no
difference from NA was found. A cutoff value of 3.35
x103/pL, associated with low SN and SP (68.1%, and 52.7%
respectively) in this study, while Virmani et al[10] reported
a significant difference between cases of simple appendicitis
and complicated one with a cutoff value of 1.89 x103/pL,
thus they found that low lymphocyte count associated with

increased complication rate, this result may highlight the
usefulness of lymphocyte count in the prediction of
complicated appendicitis but less accurate in prediction the
histopathological result of appendectomies.

Neutrophil count was elevated in cases of acute appendicitis
and was significantly different from group C and B and the
cutoff point was 8.5 x103/uL with a SN and SP of 89% and
50% respectively. A comparable result was found by Bilici et
al[11] also a significant difference was found with a cutoff
point 8x103/uL had a SN and SP of 84% and 77%
respectively.

Although platelet count was higher in group A, yet no
difference from group B was found, also this elevation was
not specific for acute appendicitis (SP 55.4%). This result
poorly investigated by other studies.

In this study we found that RDW of group A not significantly
different from group B, yet statistical significance found
between groups B and C, this results highlight the effect of
other pathologies (other than appendicitis) on RDW level, as
suggested by Wang et al[12] that elevated RDW is a marker
for urinary tract infection. Narci et al[5] also stated no
significant association of RDW and appendicitis.

Mean platelet volume was decreased in cases of AA and it
was significantly different from control group and at best
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cutoff point of <8.38fL SN and SP were 90.1% and 79.7%
respectively in this study. Bilici et al[11] (n=100) in their
study on children (1-15 years) that included cases of clinical
diagnosis of acute appendicitis and healthy control, found
that MPV lower than 7.4 fL was associated with 73% SN
and 84% SP for diagnosing pediatrics appendicitis in
children, yet did not investigate the role of MCV on the
histopathological diagnosis of appendicitis (that what was
done in this study). On another hand Albayrak et al[13]
(n=432) in their study that included HP approved
appendicitis and healthy control, found that MPV <7.6 fL
was associated 54% SN, and 84% SP in differentiating
appendicitis from healthy control (not included negative
appendectomies that had included in the current study).

Plateletcrit was higher in cases of histopathological
diagnosis of non-inflamed appendix, while true appendicitis
was not different from control. A comparable result found
by Gu Nes et al[14] (n=165), in their study found that higher
PCT was associated with negative appendectomies yet did
not compare this result to a healthy control (as done in the
current study), thus this elevation was not specific to
appendicitis.

PDW was higher in cases of appendicitis, and level higher
than 14.35% was associated with 62.6% SN and 52.7% SP.
Dinc et al[9] (n=495) found a significant difference also but
with higher a cutoff point of 32.15% associated with higher
SN and SP were 97.1% and 93% respectively. These
differences in results may be attributed to the type of the
sample collected in their study, as they compare cases with
clinical diagnosis of appendicitis with cases with intra-
abdominal inflammatory conditions other than appendicitis,
and this did not give idea about the histopathological
diagnosis that investigated in the current study.

Neutrophils to lymphocytes ratio was significantly different
from control group with SN and SP 89% and 70.3%
respectively at a cutoff point of 2.96. A significant
difference found by Kahramanca et al[6] (n=1067) who
stated that a cutoff point of 4.68 is associated with SN and
SP were 65.3% and 54.7%, respectively. Seving et al[15]
(n=3392) found that at cutoff point of 3 SN was 81.2%, and
SP of 53.1%. while the systematic review and meta-analysis
conducted by Hajibandeh et al[16] showed that significant
difference in NLR level was found between cases of true
appendicitis and negative appendectomies with cutoff point
of 4.7 associated with SN of 88.89% and SP of 90.91%.

Platelet to lymphocyte ratio was higher in cases of acute
appendicitis, at cutoff point of 122.18 SN and SP were 83.5
% and 74.3 %. Cinar et al[17] estimated that at >155.20
cutoff point SN and SP would be 77.5% and 74.5%
respectively.

The limitations of our study were the small sample size that
was attributed to study period only, also this study did not
include cases of conservatively treated appendicitis, no
inclusion of CT scan with appendicitis investigation as it
may further reduce the NA rate.

Conclusion:

The use of the complete blood count parameters MPV, NLR
and PLR sensitive and specific for diagnosis of acute
appendicitis and can be used as an aid in difficult diagnoses
to reduce the rate of negative appendectomies

Recommendations:

This study could be regarded as a pilot study for a larger
study that use MPV, NLR and PLR as diagnostic tools for
appendicitis and assess its role in reduction of the burden on
surgical team and surgeries cost. This study may aid new
studies to investigate the conservative treatment of
appendicitis by being a test to rule out appendicitis.
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