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ABSTRACT 
 

Objective: Present study aims to review the Neutrophil Lymphocyte Ratio (NLR) level in patients 
with acute appendicitis (non-perforated appendix) and those with a complicated perforated 
appendix, to evaluate the effectiveness of using the NLR level to predict if patients have a 
complicated perforated appendix. 
Introduction: Appendicitis is a common cause of abdominal emergency globally. Many laboratory 
tests have been utilised to diagnose appendicitis, but no single laboratory test predicts the 
diagnosis accurately. Several studies proposed that the NLR associated with appendiceal 
perforation.  
Methods: We performed a retrospective study of 308 patients who had undergone an 
appendectomy during June 2008 to September 2016 in King Abdul Aziz University Hospital. These 
cases were categorised histologically as an acute non-perforated appendix and complicated 
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perforated or gangrenous appendix. The study also compared the NLR levels of the two groups 
regarding the mean, sensitivity, and specificity. 
Results: Results showed that NLR could be helpful in differentiating perforated appendix from 
acute appendicitis if cut-off point is 5.7 μmol/l with a sensitivity of 85.70% and specificity of 61.60%. 
Conclusion: Mostly in clinical practice, acute appendicitis is diagnosed clinically, confirmed by 
laboratory investigations and radiological imaging. In addition to that, adding the serum, NLR level 
is useful in predicting the complicated perforated appendix. 
 

 
Keywords: Non-perforated appendix; complicated perforated appendix; Neutrophil Lymphocyte Ratio. 
 

1. INTRODUCTION  

 
Acute appendicitis is a common reason to 
perform abdominal surgery globally, and most 
commonly occurs in the second decade of life 
[1]. The possibility of appendicitis occurring in an 
individual is around 7%, with perforation rates of 
17-20% in a lifetime [2]. Mortality of the general 
population is 1% but can increase dramatically 
up to 50% in elderly patients [2,3]. The appendix 
rests in the lower right quadrant site of the 
abdomen [4]. 

 

Anorexia is considered one of the significant 
symptoms of appendicitis, and the earliest 
manifestation to appear in 95% of the cases 
preceded by abdominal pain, nausea, and 
vomiting [5]. Even with the advances in medical 
research in the field of laboratory and radiological 
diagnosis, still appendicitis is diagnosed solely 
based on clinical findings. Thus it remains a 
challenge for surgeons and even more 
challenging to diagnose in complicated 
appendicitis such as gangrenous [5,6]. 

 

Laboratory tests such as white blood count and 
C-reactive protein could support the clinical 
diagnosis, but cannot be relied solely due to its 
low sensitivity [7,8]. Several studies 
recommended that a high Neutrophil Lymphocyte 
Ratio (NLR) level is a useful parameter 
associated with a complicated perforated or 
gangrenous appendix. Study also endorsed that 
the NLR level could be helpful in determining 
whether the appendix has progressed from 
inflammation to a complicated state such as 
gangrenous or perforation [5,9]. The study aims 
to review the NLR level in patients with an acute 
non-perforated appendicitis and those with a 
complicated perforated appendix, to assess the 
effectiveness of using the NLR level to predict 
the possibility of them having a perforated 
appendix. 
 
 

2. MATERIALS AND METHODS 
 
2.1 Ethical Consideration 
 
Institutional ethical approval was acquired from 
the Ethical Committee of King Abdul Aziz 
Hospital, affiliated to King Abdulaziz University, 
Jeddah, Saudi Arabia. 
 

2.2 Study Design 
 
The retrospective study of the patients, who had 
undergone an appendectomy, was conducted at 
King Abdulaziz University Hospital during June 
2008 to September 2016. Patients’ data were 
obtained by using an existing database (Phoenix 
by Al Anaiah). The study included all 
appendectomy cases with pre-operative lab test 
mostly complete blood count that provides 
neutrophil and lymphocyte counts. The study 
acknowledged the histopathology of the removed 
appendix and the type of surgical approach. The 
study also highlighted the NeutrophilLymphocyte 
Ratio as an NLR level of greater than 8 μmol/l. 
The patient records included their demographics, 
hospital progress, laboratory results, and 
operations. They were de-identified before 
analysis. 
 

Overall, 906 patients underwent an 
appendectomy during the study, but only 308 
patients (both pediatric and adults) were 
included. The study excluded the patients with 
acute abdomen other than appendicitis and didn’t 
have a complete blood count (CBC) test during 
admission or had a missing histopathological 
data. 
 

Patients were divided according to the 
histopathological result of the surgically removed 
appendix into two groups. Group 1 included 
patients with complicated perforated or 
gangrenous appendix and group 2 included 
patients with acute, non-perforated appendix. 
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2.3 Statistical Analyses 
 
The statistical analysis was conducted by using 
SPSS version 22 (IBM SPSS Statistics; Armonk, 
NY, USA).  Data were analysed using the mean 
and range by independent sample test 
distribution of age with a histogram. The chi-
square test was performed to estimate the 
presence of a statistically significant relationship 
between the categorical variables. the study also 
measured the sensitivity, specificity, and optimal 
cutoff point for NLR, Area Under the Curve 
(AUC), CI levels of AUC of NLR in each group by 
Receiver Operating Characteristics (ROC) 
analysis and Youden’s index. A p-value of ≤0.05 
was deemed statistically significant. 
 

3. RESULTS 
 

The medical records of 308 patients were 
analysed and revealed that the peak occurrence 

of acute appendicitis was between 15 to 30 years 
with the mean age of 24 years as shown in          
Fig. 1. 
 
Among 308 patients, nearly 2/3 (200 patients) 
were male (65%), and 1/3 (108 patients) were 
female (35%) (Table 1). 
 
According to the histopathological findings, the 
patients were divided into two groups; group 1 
(complicated perforated appendix) consisting of 
49 patients (16%) and group 2 (acute non-
perforated appendix) consisting of 259 patients 
(84%) (Table 2). 
 
Among 49 patients with a complicated perforated 
appendix, 42 patients (86%) had high NLR level, 
with a range of 5.7-64 μmol/l. Among  259 
patients with acute, non-perforated appendix, 
160 patients (62%) had a high NLR level, with a 
range of 5.7-203 μmol/l (Table 3). 

 

 
 

Fig. 1. Age distribution of both patients with a perforated appendix and acute non-perforated 
appendecitis 

 
Table 1. Gender distribution of patients with a complicated perforated Appendix and those 

with an acute, non-perforated appendix 
 

 Perforated 
appendix 

Acute 
appendix 

Total p value 

Male 38 162 200 (65%) 0.04 
Female 11 97 108 (35%) 
Total 49 (16%) 259 (84%) 308 (100%) 

 
Table 2. Appendiceal histopathology of the patients 

 
 Number of patients Percentage (%) 
Perforated appendix 49 16 
Acute, non-perforated appendix 259 84 
Total 308 100 
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Table 3. The Neutrophil Lymphocyte Ratio level in patients with a complicated perforated 
appendix and acute, non-perforated appendix 

 
  Acute, perforated 

appendix 
Acute, non-perforated 

appendix 
p value 

Number of 
patients 

Percentage 
(%) 

Number of 
patients 

Percentage 
(%) 

Normal NLR 7 14% 99 38% 0.078 
High NLR 42 86% 160 62% 
Total 49 100% 259 100% 

 
As for other tests in Complete Blood Count 
(CBC), only White Blood Count (WBC) showed a 
difference with a p value (p = 0.040) while there 
was no notable difference among the 
complicated perforated appendix and acute, non-
perforated (Table 4). 
 

Regarding the strength of the test, it was 
revealed that the sensitivity of NLR in those with 
complicated perforated appendix was 85.70%, 
and the specificity was 61.60%, and the findings 
are shown in Table 5. 
 

Open and laparoscopic appendectomy 
techniques were nearly equally performed where 
the percentage being slightly higher (161 patients 
i.e. 52%) for open appendectomy than the later 
(147 patients i.e. 48%).  
 

4. DISCUSSION 
 
Appendicitis is defined in the literature as 
inflammation of the worm-like structure known as 
vermiform appendix. Anatomically it arises from 
the post-eromedial aspect of the caecal wall (2 
cm or less) below the end of the ileum [4].  
 

Acute appendicitis affects around 233/100,000 
people globally, and the highest point is in 
between 10 to 19 years old patient, that occurs 
more commonly in the second decades of life 
than others. The study reveals that the peak age 
of appendicitis was between 15 to 30 years. It 
was also higher among male than in female (ratio 
of 2:1), that corroborates with the previous 
findings (male to female ratio: 1.4:1) [10]. 
 
The key symptom of acute appendicitis is 
abdominal pain. Classically, it starts as dull, 
moderate periumbilical pain migrating to the right 
iliac fossa, within 4 to 6 hours. This localising 
pain is the most substantial diagnostic sign of 
appendicitis [11,12] other than the rebound test 
which is enough on its own for a diagnosis, 
especially in male patients. In addition to the 
mentioned symptoms, the complicated 
perforated appendix might also present with high 
fever and rectal fullness [13]. In addition to the 
previous signs and symptoms of peritonitis, as 
decreased appetite, fever, nausea, thirst, 
vomiting, and chills [14]. However, this could 
show a typical signs and symptoms.  
  

Table 4. The mean of the other tests of CBC excluding NLR 
 

  Acute, perforated 
appendix 

Acute, non-perforated 
appendix 

Overall p value 

WBC 17.12 14.35 14.79 0.040 
Neutrophil 12.44 11.74 11.85 0.533 
Eosinophil 0.05 0.07 0.07 0.173 
Basophil 0.04 0.03 0.03 0.464 

NLR: Neutrophil Lymphocyte Ratio 
WBC: White Blood Count 

 

Table 5. The sensitivity and specificity of neutrophil lymphocyte ratio in patients with a 
perforated appendix 

 

Sensitivity 85.70%  
p value 
0.03 
 

Specificity 61.60% 
Optimal cut-off point 5.7 
Area Under the Curve (AUC) 0.598 
Area Under the Curve CI LB 

0.521 
UB 
0.675 
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It is challenging to distinguish clinically between 
acute, non-perforated appendix from a 
complicated perforated appendix, especially in 
older adults and children. It is crucial for a timely 
and accurate diagnosis of patients presenting to 
emergency departments with acute appendicitis 
because a delayed diagnosis and surgical 
intervention of patients with appendicitis results 
in increased risk of complications such as 
perforation. In contrast, early surgical decisions 
may lead to negative laparotomies [15,16]. The 
choice of surgery cannot depend only on the 
clinical picture but should be supported by 
laboratory and imaging studies. 
 
Multiple diagnostic imaging techniques are 
helpful in diagnosing acute appendicitis. 
Ultrasound is less expensive than other methods 
and saves time with an accuracy rate of 71-97% 
[5,17]. Multi-detector computed tomography is 
regarded as a gold standard imaging method to 
diagnose suspected appendicitis due to its high 
sensitivity, specificity and accuracy rate of 95% 
[5,18,19]. Magnetic resonance imaging has 
precise diagnostic accuracy in the assessment of 
acute appendicitis in paediatrics and pregnant 
patients [18,19]. However, the radiological 
facilities might not be available in every ER 
centre especially in rural areas or small centres.  
 
For this reason, various scales have been 
developed, and several biomarkers are being 
investigated to help in diagnosing acute 
appendicitis. Some of these tests are the white 
blood cell count and C-reactive protein levels; 
Wilson et al. [20] demonstrated that white cell 
count over 20000/mm

3
 suggests gangrenous, 

perforated appendix. Individually, these tests are 
weak and non-specific discriminators but have a 
high discriminatory potential when they are 
combined with each other [9,10]. However, their 
specificity varies among studies and may be only 
sufficiently elevated once appendiceal 
perforation occurs [15,16,21].  
 
Recently, several studies stressed that NLR 
might be a better marker for acute appendicitis 
than C-reactive protein, leukocyte or neutrophil 
count alone [22,23]. 
 
NLR is an easily acquired parameter to assess 
the inflammatory status of a subject. Many 
studies have proven its value in multiple medical 
fields such as in determining the mortality in 
major cardiac events [24,25], as a strong 
prognostic factor in various types of malignancies 
[26-33], or as a marker of inflammatory or 

infectious pathologies and post-operative 
complications [9,34]. Recently, it was proposed 
that it could provide diagnostic value in 
differentiation between the perforated appendix 
from the acute appendix.  
 
Multiple studies consisting of authors 
(Kahramanca et al. [9] and Ishizuka et al. [34])  
proved that it is a good indicator, However, they 
suggested numerous cutoff points for NLR level 
5.7 and 8 μmol/l with different sensitivities 
ranging from 63% and 73% and specificities 
ranging from (39% to 49%) (9, 34) respectively to 
differentiate between the two groups of 
complicated perforated appendix and acute, non-
perforated. The study also recorded the              
optimal cut-off point of 5.7 μmol/l with a 
sensitivity of 85.70% and specificity of 61.60% 
(Table 5). 
 
The standard approved treatment method of 
acute appendicitis is appendectomy either by 
conventionally or laparoscopically [19,22,23]. 
Both techniques were used equally in the present 
study. 
 

5. STRENGTHS AND LIMITATIONS 
 
The research limitation includes its retrospective 
design and single-centered study, even so, it can 
be recommended to use NLR cut-off point of 5.7 
to differentiate between acute appendicitis and 
complicated perforated appendicitis. It is also 
recommended in determining the optimal NLR 
and its effects on further prospective multi-
centered studies.  
 

6. CONCLUSION  
 
Acute appendicitis is a common reason of acute 
abdomen irrespective of their age. NLR is a low-
cost and easily accessible test that has been 
determined in this study. It has been proved to 
be a useful indicator in the diagnosis of 
complicated perforated appendix combined with 
clinical sign and symptoms. 
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