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Abstract

Background: Preoperative prediction of the degree of diffi-
culty of acute appendicitisis a matter of challenge among sur-
geon. Several methods could determine the preoperative state
of acute appendicitis including imaging ability of the hospital
(ultrasonographic study and CT). However, there much easier
biochemical parameters which includes CRP, WBC count, and
NLR. Various study try to detect which of them is more eas-
ier, and give the most rapid accurate result about the degree
of severity of acute appendicitis. Thisissue has importunacy
in determining experience of the surgeon who will operate on,
especialy in rural area. NLR was found to be more sensitive,
more accurate, and much easier than CRP and WBC:s. It dose
not need any extra cost.

Aim of Study: To evaluate the usefulness of NLR in the di-
agnostic work-up of preoperative differentiation between non-
complicated acute appendicitis and complicated.

Material and Methods: A retrospective review of the data-
base of 100 patients in Agouza Hospital between March 2017
and March 2020 who underwent surgery was evaluated. Based
on intraoperative finding wither it was just acute appendicitis
or complicated appendicitis, the patients were divided into two
groups. Acute appendicitis and complicated appendicitis. Data
extracted included patients’ demography, preoperative WCC
with differential count, CRP. Receiver-operating characteristic
(ROC) curveisused to calculate Sensitivity, specificity, pos-
itive predictive value and negative predictive value (NPV) of
WCC, CRP and NLR and establishing cut-off value for each
biomarker.

Results: The study include 100 patient, male/femaleis
33/67, with 71 noncomplicated cases and 29 complicated. Main
age of complicated cases 36.06+9.66, and that of noncompli-
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cated is 24.85+7.7. The ROC curve results found that when the
cutoff value of NLR >4, the sensitivity was 100%, specificity
84.5% with area under the curve (AUC) 0.983 (p-value <0.001).
as regard results of WBCs count, at cutoff value >12000, the
sensitivity will be 68.97%, specificity was 94.37%, with AUC
0.835 (p-value <0.001). While ROC curve analysis of CRP re-
sults found that with cutoff value >22, the sensitivity was 40%,
specificity was77%, AUC was 0.531 (p-value=0.645).

Conclusion: The NLR was the most sensitive and accurate
test for differentiation between uncomplicated acute appendici-
tis and complicated acute appendicitis,

Key Words: Acute appendicitis— Neutrophil-to-lymphocyte ra-
tio — Complicated appendicitis— ROC.

Introduction

ACUTE appendicitis is one of the most common
causes of acute abdomen. It has an incidence of life-
time occurrence of approximately 7%, with perfo-
ration rates of 17-20% [1]. Diagnosis of acute ap-
pendicitisis mainly based upon clinical symptoms
which could assisted by radiological investigations
in selected cases. Although patients with acute ap-
pendicitis often present with a characteristic symp-
toms and physical findings [2], diagnosisis not al-
ways straight forward and atypical presentations
are common, as classical presentation isfound in
less than half of the patients[3]. Failure to diagnose
acute appendicitis at an early stage may result in
adverse outcomes, including perforation, and gen-
eralized peritonitis which can be associated with
significant morbidity and even mortality [4].

Various scoring systems have been developed to
aid the diagnosis of acute appendicitis, including the
Alvarado score [5], RIPASA (Raja Isteri Pengiran
Anak Saleha Appendicitis) score which developed
in 2008 [6], and, more recently, the RIFT (Right I1-
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iac Fossa Pain Treatment) score [7]. These scoring
systems have been criticized for their limited sensi-
tivity and specificity and inability of predicting the
severity of acute appendicitis [4].

However, severa blood tests are being used to
predict appendicitis and its severity. White blood
cell (WBC) count is mostly elevated in patients
with appendicitis, but an elevated WBC count has
no predictive value in differentiating simple and
complicated appendicitis. Elevated serum bilirubin
has been shown to be a potential marker for perfo-
ration of the appendix, but it lacks adequate sensi-
tivity and specificity [g]. C-reactive protein (CRP)
was found to be superior to bilirubin for anticipation
of perforation in acute appendicitis [9]. |dentifying
atool or marker that can predict the diagnosis of
acute appendicitis and can differentiate between
uncomplicated and complicated appendicitis with
good sensitivity and specificity is still a subject of
interest among many researchers [4].

Frequently performed laboratory tests such as
the white cell count (WCC), pro-calcitonin and
C-reactive protein (CRP) levels are not useful for
an early diagnosis of acute appendicitis, before it
has complicated [10] . Reliability of available |abora-
tory testsfor acute appendicitisis influenced by the
initiating process, whether it was obstructive or in-
flammatory and the time which would have elapsed
since the onset of the pathological process [11].

In patients who have an acute inflammatory
process, a combination of demargination, delayed
apoptosis and increased proliferative activity of
stem cells in the bone marrow leads to neutrophil-
ia. Concurrently, lymphocytopenia devel ops due to
the enhanced margination and accel erated apopto-
sis of lymphocytes. The resulting neutrophilia and
lymphocytopenialeads to an increase in the neutro-
philto-lymphocyte ratio (NLR) [121. The NLR has
been proposed as a novel, cost-effective and easily
available inflammatory marker for supporting the
diagnosis of acute appendicitis [13]. It iSreported to
be highly sensitive and specific for the diagnosis of
acute appendicitis as compared to WCC and CRP
[14].

Neutrophil-to-lymphocyte ratio (NLR) isasim-
ple inexpensive marker of inflammation, whichis
easily calculated from the differential WBC counts
[15]. NLR provides information regarding two dif-
ferent immune and inflammatory pathways, which
may make it a potential marker to predict appendi-
citisand its severity. A recent meta-analysis demon-
strated that NLR predicts both diagnosis and sever-
ity of appendicitis [15]. This may have implications
for prioritizing cases for surgery, for monitoring
conservatively treated patients, and for patients
who do not routinely undergo CT scans (pregnant
or pediatric patients) [15].

Nevertheless, NLR increases diagnostic accura-
cy with respect to neutrophil and leukocyte counts
because the immune response triggered by infec-
tious, ischemic or inflammatory factors leads to an
increase in neutrophil count mediated by growth
factors on hematopoietic stem cells, and a decrease
in lymphocyte count due to apoptosis mediated by
tumor necrosis factor (TNF) [12].

In this context, the NLR is also an earlier marker
of the acute phase response compared to CRP, as
pooled neutrophils in bone marrow respond more
rapidly to acute inflammation. C-reactive protein, in
contrast, must be synthesized in the liver in response
to interleukin and pro-cytokine pathway activation
(IL-6), which resultsin atime lag. Furthermore,
compared to CRP, the NLR requires only asimple
test that does not add to the expense on the patient
and can be easily calculated using parameters that
areincluded in the complete blood count [16].

Aim of the work:

We aim to retrospectively evaluate the ability
of NLR to differentiate between complicated and
noncomplicated acute appendicitis. This study is
to assess the use of NLR as a biochemical test to
differentiate uncomplicated from complicated acute
appendicitis comparing its sensitivity and specifici-
ty to that of WBCs and CRP.

Material and Methods

In this study the data base of 100 patients who
had undergone open appendectomy is retrospec-
tively reviewed for a preoperative diagnosis of
acute appendicitis and proved to be acute appen-
dicitis (AA) during operations (complicated and
noncomplicated). Normal cases which diagnosed
as appendicitis and discovered to be normal during
operations are excluded from the study. The clinical
diagnosis of AA was established preoperatively by
means of clinical history, physical examination, tra-
ditional laboratory tests, and ultrasonography when
it is needed. Complete blood picture and CRP of
all patients at admission time are reviewed and the
leucocytic count is registered and the ratio between
neutrophile and lymphocyteis calculated for each
patient.

Totally, the data of all patients were analyzed.
Patients were grouped into two groups according
to the intraoperative findings, acute noncomplicat-
ed appendicitis group, and complicated appendici-
tis group. Complicated appendicitis was defined as
gangrenous and/or perforated appendicitis with or
without associated collection.

Data collection:

A comprehensive data collection proformawas
used for data collection. The patients were divided
into two groups: Uncomplicated appendicitis and
complicated appendicitis. The data collection pro-
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formaincluded patients' demographic data, WBC
and neutrophil count, lymphocyte and CRP level,
how the diagnosis of appendicitis was made, length
of hospital stays. For each patient, the data were ex-
tracted independently by two team members.

Analyses of the data were performed using SPSS
Statistics for Windows, Version 25.0 (IBM Corp.,
Armonk, NY). The characteristics of patients were
expressed using descriptive statistics. Parameters
compatible with normal distribution were described
as mean + SD.

Using Med Calc version 23.0.5, A receiver op-
erating characteristic (ROC) curve was utilized to
characterize and compare the accuracy of the hae-
matological ratios. The area under the curve (AUC)
represented the accuracy of the marker in distin-
guishing between complicated and uncomplicated
AA. The cutoff values of each biochemical parame-
ter for discrimination of the groups were determined
using the receiver operating characteristic (ROC)
analysis. At each value, the sensitivity and specific-
ity for each outcome under study were plotted, thus
generating an ROC curve. A p-value less than 0.05
was considered statistically significant. Aswell as
the sensitivity and specificity with 95% confidence
intervals (95% Cl). Positive predictive value (PPV)
and negative predictive value (NPV) and the likeli-
hood ratio were also calcul ated.

Results

These 100 patients include 67 females and 33
males. The number of patients diagnosed as acute
appendicitis without complication detected in the
operative field was 71 and that complicated cases
was 29.

The age of all group of patients (100) range
between 12 and 55 years old with an average age
28.04+9.716. The average age of male is 29.93
while the average female age is 27.104. The follow-
ing chart shows the distribution of age among the
group of patients (Fig. 1).
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Asregard calculation of the mean age of com-
plicated case, it was 36.06+9.66. while the mean
age of noncomplicated cases was 24.85+7.7. This
result shows that the incidence of complicated ap-
pendicitisis significantly increase with age (p-value
=0.0001)

The incidence of complicated cases among men
is13/33 (39.39%), and noncomplicated cases are
20/33 (60.6%). While complicated female cases
were 16/67 cases (23.88%), noncomplicated cases
are 51/67 (76.12%). The incidence of complicated
appendicitisin men is higher but it is not significant
(p-value=0.0599) (Fig. 2).
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Fig (2): Diagram illustrate number of acute and complicated
cases in male and female groups.

Asregard hospital stay for al patients, it ranges
from 1 to 6 days with an average 2.27+1.103 days.
it was found that acute cases hospital stay range
from one to three days with an average of 1.7+0.66.
while complicated cases have a range of hospital
stay from 3 to 6 days with an average of 3.66+0.77
days. The previous results indicate that hospital is
significantly increase with complicated cases.

The following table (Table 1) summarize the de-
mographic and laboratory results of the patientsin
both groups (complicated and noncomplicated).

Fig. (1): Agedistribution among patients of the study.

Frequency of age
Table (1): Comparison between complicated and noncompli-
cated groups.
Noncomplicated Complicated
cases (71) cases (29)

Male/Female 33-67 20/51 13/16
Age 24.85+7.7 36.06+9.66
Hospital stays 1.7£0.66 3.66x0.77 days
CRP (Mean + SD) 21.79+16.92 29.79+22.03
NLR (Mean + SD) 3.62+0.89 6.55+0.97
WBCs (Mean + SD) 9.38+£2.75 13+2.59
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Asregard the calculated NLR in acute compli-
cated cases, it was ranged between 5 to 8 with mean
value of 6.55+0.97. While in noncomplicated acute
casesit isranged between 2 to 6 with an average
of 3.62+0.89. The NLR isincreased significantly in
complicated cases more than acute non complicated
cases (p-vaue=0.001).

When considering C reactive protein (CRP) as
a preoperative discriminating parameter to differ-
entiate between complicated and honcomplicated
appendicitis it was found that the mean value of
that parameter in acute non complicated casesis
21.79+16.92, while in cases of complicated appen-
dicitisit was 29.79+22.03. This result indicate that
CRP has insignificant increase in complicated cas-
es more than noncomplicated cases (p-value=p =
0.0529) (Fig. 3).

Fig. (3): A diagram showsthe level of CRP in complicated cas-
es (red color) and noncomplicated cases (blue color).

When using WBCs as discriminative biomark-
er between complicated and noncomplicated acute
appendicitisit was found that in cases of noncom-
plicated appendicitis the mean value of WBCs
was 9.38+2.75 while in complicated cases was
13.14+2.64. These results show that WBCs has sig-
nificant power in discrimination between compli-
cated and noncomplicated appendicitis (p<0.0001).

ROC curveresults for NLR, CRP, and WBCs:

The cutoff values of parameters for discrimi-
nation of the groups were determined using the re-
ceiver operating characteristic (ROC) analysis. At
each value, the sensitivity and specificity for each
outcome under study were plotted, thus generating
an ROC curve. A p-value less than 0.05 was con-
sidered statistically significant. The recommended
cutoff value of the NLR that discriminate positive
(complicated appendicitis) and negative (acute non-
complicated appendicitis) appendectomies was de-
cided using ROC curve analyses.

The recommended cutoff value of the NLR was
based on the most prominent point on the ROC
curve for sensitivity (100) at (95% confidence inter-
val [Cl between 88.1-100; and specificity (84.51) at
(Cl 74.0-92.0). Because these two parameters indi-
cated a cutoff value of 4>. The area under the ROC
curve was 0.983 (p-value <0.001). Positive predic-
tive value 58.28% and negative predictive value of
42.25. Area under the ROC curveis 0.983 with 95%
confidence interval in between 0.935 to 0.999.
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Fig. (4): ROC curve analysis of using NLR as discriminating
factor to differentiate between acute and complicat-
ed appendicitis. NLR shows sensitivity of 100% and
specificity of 84.5 when NLR ->4 with area under the
curve AUC=0.983 and p-value <0.001.

Asregard total leukocytic count as a marker
for discrimination between acute complicated and
noncomplicated appendicitis, it was found that the
best cutoff value 12000 with an area under the curve
(AUC) 0.835 with sengitivity 68.97% and specific-
ity 94.37%. Positive predictive value is 48% and
negative predictive value is 97.6% (Table 2, Fig. 6)

When using CRP as a biomarker for discrimi-
nation acute noncomplicated from complicated ap-
pendicitis, it was found that cutoff value >22 isthe
best value for discrimination with sensitivity 40%
and specificity 77% with AUC=0.531 and p-value
=0.645 which means nonsignificant results for dis-
crimination between complicated and noncompli-
cated appendicitis. With Positive predictive value
of 38% and Negative predictive value 62.9% (Table
2, Fig. 5).
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Fig. (5): ROC curve analysis for CRP test as discriminating
factor between acute and complicated appendicitis. It

shows sensitivity of 40 and specificity of 77.14 when
the cut off value >22. AUC 0.531 and p-value=0.645.
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Fig. (6): WBCs ROC curve show AUC equal to 0.853 with sen-

sitivity 68.97 and specificity 94.37 at cutoff value of
12000.

Table (2): Comparison of the sensitivity, specificity, AUC,
p-value between NLR, CRP, WBCs.

Cutoff Sensitivity ~ Specificity /0° 2€
value % % value

curve
NLR >4 100 845 0983  <0.001
WBCs >12000  68.97 94.37 0835  <0.001
CRP  >22 2 77 0531 0645
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Discussion

Acute appendicitisis an everyday occurrencein
emergency units. Especialy in rural areas, surgeons
may not have imaging facilities as presence of ul-
trasonography or computed tomography or their use
cloud be limited as in cases of children and preg-
nant. Thus, surgeons are still in need of an accurate
and easy test to obtain the diagnosis[17].

Early diagnosis of Acute appendicitisisnot al-
ways easy. The decision to observe the patient until
the diagnosis becomes obvious or to operate early
to prevent unwanted complications like perforation
and peritonitis represents a serious dilemma for sur-
geons. An early operation may result in the removal
of anormal appendix with asmall risk of morbidity
[18].

In this study it was found that the complaining of
acute appendicitisis more frequent in females (fe-
males are nearly double of males), but males have
the burden of higher complication rate (males have
an incidence of complication about 39.39% while
that of femalesis 23.88%), which is statistically
significant increase of complications in male group.
Thisresult issimilar to that reported by Asafo-Ad-
jei et al. [11], Nshuti et al. [3]; Kong et al. [19]; and
Tucker et a. [20], aso these findings were compati-
ble with previous study by Khairol et al. [21].

In this study, complicated acute appendicitis
represents 29%. This high incidence is much lower
than other studies Asafo-Adjei et al. [11] havein-
cidence more than 60% whilein Kong et al. [19],
it was 57%. Asafo-Adjel et a. [11] suggested that
this high rate of complicated appendicitisis due to
the late presentation of the patients after the onset
of symptoms or the diagnosis of acute appendicitis
was delayed until the clinical signs became classi-
cal. However, performing appendicectomy and get-
ting normal appendix is much safer than performing
appendicectomy when it becomes complicated.

The argument that NLR is amore sensitive pa-
rameter than the number of leukocytes was put forth
20 years earlier by Goodman et al. [22] which isfol-
lowed by many studies trying to prove the efficacy
of that parameter in diagnosis of inflammatory con-
ditions. In the present study there is a comparison
between the three biomarker that could be used eas-
ily to diagnose acute appendicitis and to differenti-
ate between complicated and noncomplicated.

In spite of the three markers could be used to
diagnose and differentiate between complicated
and noncomplicated appendicitis but it was found
that the most sensitive and accurate marker was
neutrophile/lymphocytic ratio (NLR). In this study,
NLR can differentiate between complicated and
noncomplicated appendicitis at cutoff value which
is demonstrated by ROC curve analysis at >4 with
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sensitivity 100% and specificity 84.51 with an area
under the curve (AUC) 0.983 and p-value =0.001.
Positive predictive value is 32.7% and negative pre-
dictive value 100%.

These results are consistent with the results of
Prasetyaet al. [13], which have a cutoff value 2.87
with sensitivity 84.6% also, Yazici, et a. [23] have
acutoff value 3.5. Sidharth R et al. [14], gave sim-
ilar results of the present study as NLR on ROC
curve has a cut-off value of 3.78 had a sensitivity
of 65.9% and specificity of 93.1% in differentiating
perforated and non-perforated appendicitis.

The positive predictive value (PPV) and nega-
tive predictive value (NPV) were reported as 85.7%
and 81.2%, respectively. The area under the curve
(AUC) was 0.887 and accuracy of 82.5%.

Yazici et al., [23] found that N/L ratio seems to
be a more sensitive parameter than TLC when eval-
uated retrospectively. N/L ratio of 3.5 can be used
in the prediction of appendicitis in children. Ishizu-
ka et al. [25] concluded that NLR, rather than either
CRP or albumin alone, showed a close relationship
with gangrenous appendicitis. Also, Markar et al.,
[26] concluded that NLR appears to have greater di-
agnostic accuracy than either WBC or CRP alone.

Chuluun et a. [27] in their study on pediatric ap-
pendicitis, postul ated a cutoff value 6.2 to differenti-
ate between acute noncomplicated and complicated
appendicitis with sensitivity 81.9% and specificity
85.24%, positive predictive value 91.5%, negative
predictive value 70.74%, and AUC 0.899 in the
same study Chuluun et al.,[27] found that WBC will
have much less sensitivity and specificity (62.8%,
75.4% respectively), with much less AUC (AUC
0.589) When cutoff value 13.4. Markar et al. [26]
assessed 1117 pediatric patients who underwent ap-
pendectomy and determined that the NLR appeared
to be of greater diagnostic accuracy than the total
WBC count. Also, in astudy conducted by Y azici
et al. [23], showed that aNLR over 3.5in pediatric
patients was a more sensitive parameter than TLC
in diagnosing acute appendicitis.

Other studies have been published regarding
thisissue. Shimizu et al. [28] suggest a NLR cut-off
value of 5.0 for the diagnosis of acute appendicitis,
with 44% sensitivity and 22% specificity. I shizuka
et al. [25] determined a cutoff value of 8.0 for NLR
to differentiate gangrenous appendicitis from ca-
tarrhal appendicitis, with 73% sensitivity and 39%
specificity. Kahramancaet a. [17] reported NLR
cut-off values of 5.74 (71% sensitivity, 49% spec-
ificity) to distinguish acute complicated appendici-
tis from non-complicated appendicitis. Sevinc et al.
[29]. NLR cut-off values were 3.0 (81% sensitivity,
53% specificity) and 5.5 (78.4% sensitivity, 41.7%
specificity) for the diagnosis of acute appendicitis
and perforated appendicitis, respectively. In the

same study by Kahramanaca et a. [17] show that
NLR with a cutoff value of >4.68 can significantly
differentiate an acute appendicitis from normal ap-
pendix. The sensitivity of this cutoff valueis 65.3%,
which meansthat atotal of 65% of patients with
histologically confirmed AA have an elevated ratio.
The specificity of 54.7% is aso low (thus a high
false-positive rate). These low sensitivity and spec-
ificity values may be explained by the fact that only
operated patients were included in this study.

Khairol et al. [21] reported the cut-off point of
NLR in this study showed a highly statistically sig-
nificant difference in an intergroup comparison.
It showed that NLR with a cut-off point of >3.11
could significantly differentiate normal appendix
and acute appendicitis patients with a sensitivity of
75.2% and specificity of 68.7%, in diagnosing acute
appendicitis.

Asregard other biomarkers sensitivity in dis-
crimination between complicated and complicated
appendicitis. In Prasetya et al. [13] study on acute
appendicitisin children. Megn WBC and neutrophil
count were 14.33+6.56x10 /ul and 76.16+14.41%,
respectively. Neutrophil and NLR were significant-
ly higher in the acute appendicitis group than con-
trol (76.17+14.41 vs. 62.43+15.9%, p=<0.0001; and
8.44+6.63 vs. 3.38+2.84, p=<0.0001, respectively),
while WBC did not show difference between acute
appendicitis and complicated group (p=0.057)

Asafo-Adjei et . [11], found that The NLR was
more sensitive but |ess specific compared to WCC
for the diagnosis of acute appendicitis. On the other
hand, when compared to CRP, the NLR was more
specific but less sensitive for the diagnosis of acute
appendicitis. And concluded That CRP would be
more useful as compared NLR in the diagnostic in-
vestigation of patients who are suspected of having
acute appendicitis. They postulated that findings of
asuperior diagnostic value of CRP over NLR, may
be due to a high prevalence of complicated acute
appendicitisin the cohort of patients studied. Un-
like the neutrophilic response which is quick and
stimulated almost immediately by cytokines, CRP
isaprotein and therefore has to await synthesis by
the liver. For that reason, they concluded that CRP
would be morereliable and is therefore likely to
be raised in complicated acute appendicitis, which
in most cases is atime-dependent phenomenon Y u
et al., [10]. The mean CRP was also the highest in
patients who had serosal appendicitis, which might
have been because the underlying conditions were
severe and longstanding.

Also, Kucuk et al. [30] concludeed that Neutro-
phil/lymphocyte ratio has lower diagnostic accura-
cy than leukocyte count, although it can be used as
a supportive parameter in the diagnosis of acute ap-
pendicitis. Many other studies have results contrary
to our results as that conducted by Kim et al. [31],
Panagiotopoulou et al. [32], and Qi and Zhang [33].
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Yu et al. [10] also found that CRP was more relia-
ble in supporting the diagnosis of acute appendici-
tis, especialy if the disease is complicated disease
and concluded that CRP has superiority over other
laboratory tests in the diagnosis work-up of acute
appendicitis.

Haet al., [34] study systematically assessed a
range of blood markersfor their potential to predict
the severity of AA and differentiate between CA
and UA in pediatric patients. While several markers
showed promise, C reactive protein (CRP) emerged
as the standout candidate, with the highest sensitiv-
ity, specificity, and predictive values for Complicat-
ed appendicitis prediction. This robust marker can
significantly aid particularly in cases where clinical
history and symptoms are less clear, asis often the
case in younger patients.

Conclusion:

Early diagnosis of acute appendicitis and identi-
fication of its severity either it is complicated or not
isagreat task that should be done prior to surgery to
prepare the best requirement for the patients. Many
easy laboratory biochemical markers can diagnose
acute appendicitis (WBC, CRP, NLR), which have
great challenge for that purpose. This study proves
that NLR has much sensitivity, and specificity in
differentiation between complicated and noncom-
plicated appendicitis much more than CRP and
WABCs.
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