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ABSTRACT 
Background

Acute appendicitis is one of the most common causes of acute abdomen requiring 
surgical treatment. Accurately diagnosing appendicitis and identifying complicated 
appendicitis can be difficult at times.

Objective

To evaluate the ability of the neutrophil-to-lymphocyte ratio (NLR) to differentiate 
between uncomplicated and complicated appendicitis.

Method 

This was a prospective hospital-based observational study conducted at the 
Department of Surgery, Dhulikhel Hospital, Kathmandu University Hospital from July 
2021 to December 2022. Patients with the clinical diagnosis of acute appendicitis 
who had undergone emergency appendectomy were included in the study. Informed 
consent was taken from each patient and data collection was done by filling the 
proforma.

Result

A total of 218 patients were included in the study. Male: female ratio was 1.18:1. 
Mean age of patients was 28.58 ± 16.65 (3-78) years. A significant correlation was 
found between increasing neutrophil count and neutrophil-to-lymphocyte ratio with 
complicated appendicitis. However, no significant correlation was found between 
White Blood Cell counts and complicated appendicitis. Neutrophil-to-lymphocyte 
ratio > 12.6 was found to be associated with complicated appendicitis.

Conclusion

A simple, cost-effective, and yet perfect test is not available for identifying 
complicated appendicitis. Increased Neutrophil count and neutrophil-to-lymphocyte 
ratio can indicate complicated appendicitis. Elevated WBC counts alone has no role 
in differentiating complicated appendicitis. According to the results of our study, an 
neutrophil-to-lymphocyte ratio of 12.6 can help to differentiate complicated from 
uncomplicated appendicitis.
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INTRODUCTION
Acute appendicitis is one of the most common causes 
of acute abdomen presenting to the hospital requiring 
surgical treatment.1 The lifetime risk of suffering from 
acute appendicitis is 8.6% in male and 6.7% in female 
population respectively.2 Incidence of appendicular 
perforation can go up to 17-20%.1 Classical presentation of 
acute appendicitis with migratory pain from the abdomen 
to the right iliac fossa, nausea, vomiting, and low-grade 
fever in some patients are well-known symptoms of 
patients with appendicitis. Despite of these well-known 
clinical symptoms of appendicitis, early diagnosis can 
sometimes be challenging.3 Although acute appendicitis 
is mainly diagnosed clinically, there are few laboratory 
tests and radiological investigations which can be done to 
support the diagnosis. Failure in diagnosis and treatment of 
acute appendicitis in an early stage of the disease may lead 
to complications like perforation, abscess, and peritonitis 
which can lead to increased morbidity and even mortality.4 
Many scoring systems have been used to aid the diagnosis 
of acute appendicitis including the commonly used 
Alvarado score and the Raja Isteri Pengiran Anak Saleha 
Appendicitis (RIPASA) score.5,6 Elevated WBC count has no 
predictive value in distinguishing complicated appendicitis 
from simple appendicitis.4 The neutrophil count suggests 
continuing inflammation while the lymphocyte count 
highlights the regulatory pathway.7 Bacteremia is the main 
sequelae of acute appendicitis.8 Leucocytosis and increased 
Neutrophil to leukocyte ratio can be taken as indicators of 
bloodstream infection.9 Neutrophil to Lymphocyte ratio, 
thus can be used as a simple and inexpensive marker of 
subclinical inflammation which can be calculated from the 
differential WBC counts.10

METHODS
This was a prospective hospital-based observational study 
conducted at the Department of Surgery, Dhulikhel Hospital, 
Kathmandu University Hospital from July 2021 to December 
2022, after approval of the Institutional review committee 
(KUSMS-IRC). The sample size of 218 was calculated with 
an estimated prevalence of 17% with a 95% confidence 
interval. A total of 218 patients admitted to the Surgery 
Ward of Dhulikhel Hospital, Kathmandu University Hospital 
with the clinical diagnosis of acute appendicitis who had 
undergone emergency appendectomy were included in 
the study. Informed written consent was taken from every 
patients enrolled in this study. Diagnosis of appendicitis 
was confirmed by histopathology reports. Complicated 
appendicitis was defined as gangrenous, perforated,and 
appendicular abscess formation. Patients undergoing 
Interval appendectomy and patients with a previous 
history of chemotherapy or other immunosuppressive 
status were excluded from the study. SPSS 20.0 (SPSS Inc., 
Chicago,IL, USA) was used for data analysis. Frequency 

analysis was performed for scalar and ordinal variables. For 
nominal variables, descriptive analysis was performed with 
the calculation of mean, range, and standard deviation. 
An Independent sample t-test was performed for the 
comparison of parametric scalar variables between the two 
groups. For nonparametric categorical variables, the Chi-
square test was performed. The cutoff values of parameters 
for discrimination of the groups were determined using the 
Receiver Operating Characteristic (ROC) analysis. A p-value 
of less than 0.05 was considered significant.

RESULTS
This study comprised of 218 patients with acute appendicitis 
who underwent emergency appendectomy among whom 
118 (54.13%) were male patients and 100 (45.87%) were 
female patients. The mean age of the patients was 28.58 ± 
16.65 years. The age of patients ranged from 3 years to 78 
years. Figure 1 shows the distribution of patients according 
to different age groups. The highest number of patients 
belonged to the age group of 20-40 years.

Figure 1. Distribution of Patients according to Age Group

Among 218 patients, 173 patients had uncomplicated 
appendicitis whereas 45 patients had complicated 
appendicitis. There was no significant difference in mean 
age between patients with uncomplicated and complicated 
appendicitis (28.14 ± 15.25 vs 30.29 ± 21.31; p = 0.42).

Table 1. Distribution of Patients according to sex in 
uncomplicated and complicated appendicitis groups.

Uncomplicated 
appendicitis

Complicated 
appendicitis

p-value

Male 95 23 0.648

Female 78 22

As shown in table 1, there is no significant difference 
between male and female patients in the uncomplicated 
and complicated acute appendicitis group (p=0.648).

As shown in table 2, the Neutrophil to Lymphocyte ratio 
(NLR) and Neutrophil count are significantly high in patients 
with complicated acute appendicitis. However, there is no 
significant difference between White Blood Cell (WBC) 
Counts in patients with complicated and uncomplicated 
acute appendicitis.
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Figure 2. ROC curve of NLR for Uncomplicated and Complicated 
appendicitis.

The recommended cutoff value of the NLR was based 
on the most prominent point on the Receiver Operating 
Characteristic curve for sensitivity (0.489) and specificity 
(0.821) as shown in figure 2. These 2 parameters indicated 
a cutoff value of 12.64, the recommended cutoff value was 
defined as 12.6. The area under the receiver operating 
characteristic curve was 0.634.

in female.15 The exact cause behind this difference in 
incidence among male and female is still unknown.

The diagnosis of acute appendicitis is clinical. Presenting 
features of acute appendicitis may mimic with the 
symptoms of other conditions adding challenge to coming 
to a diagnosis mainly in pediatric population, elderly people 
and females of reproductive age group.16 The typical clinical 
presentation of acute appendicitis is noted in less than half 
of the patients with appendicitis.17 This can lead to delay 
in diagnosis with increase in morbidity and mortality. 
The decision to keep the patient under observation 
till definitive diagnosis or to operate immediately to 
prevent undesired complications including perforation, 
peritonitis and sepsis represents a serious dilemma for a 
surgeon.18 However, early surgery may lead to negative 
appendectomy resulting in removal of normal appendix 
and might contribute to unnecessary cost and morbidity 
to the patient.19 The availability of laboratory investigations 
and technological advances in radiological modalities 
have helped in the successful diagnosis of patients with 
acute appendicitis.20,21 However, easy and cost-effective 
availability of advanced radiological modalities is not 
possible in our setup. Simple laboratory parameters that 
can support the clinical diagnosis of acute appendicitis and 
prediction of complicated appendicitis have always been a 
matter of interest for surgeons.

Moderate leukocytosis is a persistent laboratory finding in 
cases of acute appendicitis.22 An elevated WBC count has no 
predictive value in differentiating simple and complicated 
appendicitis.23,24 Our study has also shown that WBC count 
cannot predict complicated appendicitis (p-value 0.269). 
However, the  increased neutrophil count has shown 
a significant association with complicated appendicitis 
(p-value 0.012) in our study.

The neutrophil count indicates active and ongoing 
inflammation, while the lymphocyte count indicates 
the regulatory pathway.7 Lymphocyte counts can 
decrease in appendicitis with a significant decrease 
occurring in gangrenous appendicitis.25 Neutrophilia and 
lymphocytopenia are components of the cellular response 
in systemic inflammation. Increase in the difference 
between neutrophil and lymphocyte counts reflects severity 
of inflammatory response.26 Neutrophil to Lymphocyte 
ratio (NLR) is a simple and more sensitive parameter than 
leucocytosis.27 It is shown that preoperative NLR is an 
independent predictor of positive appendicitis histology.28 

Kahramanca et al. determined a cutoff value of 5.74  for 
NLR to differentiate complicated appendicitis from simple 
appendicitis with a sensitivity of 70.8% and specificity of 
48.5%.29 Ishizuka et al. have shown NLR > 8 has a significant 
association with gangrenous appendicitis in patients 
undergoing an appendectomy.30

A systematic review and meta-analysis by Hajibandeh et 
al. has shown NLR of 4.7 was the cut-off value of acute 

Table 2. Relationship between parameters and patients in 
uncomplicated and complicated appendicitis groups

Number 
of 
patients

Mean Standard 
deviation

p-
value 

Neutro-
phil to 
Lympho-
cyte ratio 
(NLR)

Uncompli-
cated ap-
pendicitis

173 8.63 5.47

0.003
Complicated 
appendicitis

45 11.56 6.62

White 
Blood Cell 
(WBC) 
Count

Uncompli-
cated ap-
pendicitis

173 14544.51 4488.36

0.269
Complicated 
appendicitis

45 13706.67 4624.75

Neutrophil 
percent-
age (N)

Uncompli-
cated ap-
pendicitis

173 80.97 9.22

0.012
Complicated 
appendicitis

45 84.67 6.4

DISCUSSION
Acute appendicitis is one of the most common causes of 
surgical emergencies. Appendicitis is more prevalent in 2nd 
and 3rd decades of life.11 Increased amount of lymphoid 
tissue in the submucosa of the appendix could be the 
cause of increased incidence of appendicitis in patients 
of younger age group.12 In our study, 91(41.7%) patients 
were of the age group 20-40 years. As found in our study, 
acute appendicitis is more common in male population.13,14 
However, some studies have found increased incidence 
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appendicitis with a sensitivity of 88.89% and specificity of 
90.91% with an AUC of 0.96 and an NLR of 8.8 was a cut-
off value for complicated appendicitis with a sensitivity of 
76.92% and specificity 100% with AUC of 0.91.4

Our results show that NLR value for complicated appendicitis 
is 12.6 with a sensitivity of 48.9% and specificity of 82.1% 
with AUC of 0.63. This value is higher than the numbers 
suggested by previous reports.4,29,30

Despite variations in recommendations regarding cut-off 
values, we believe that NLR is a simple yet significant and 
useful for diagnosing acute appendicitis and identifying 
complicated appendicitis.

This study was a single-center study which can be a 
limitation of the study, a multiple-center study with a 

larger patient population would yield better outcomes. 
Patients suspected of having acute appendicitis who did 
not undergo surgery were not included. 

CONCLUSION
Simple, cost-effective, and yet perfect test is not available for 
identifying complicated appendicitis. Increased Neutrophil 
count and NLR can indicate complicated appendicitis. 
Elevated WBC counts alone has no role in differentiating 
complicated appendicitis. According to the results of our 
study, an NLR of 12.6 can help to differentiate complicated 
from uncomplicated appendicitis.
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