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ABSTRACT
Introduction: Appendicitis is diagnosed based on the combination of clinical assessment, laboratory investigation, and 
radiological test. Distinguishing between uncomplicated and complicated appendicitis remains a frequent challenge in clinical 
practice. This study is designed to evaluate and compare the diagnostic utility of serum bilirubin (TB) and total leucocyte count 
(TLC) in severity of appendicitis.

Methods: This is a retrospective cross sectional analytical study with a sample size of 167 undergoing open appendectomy 
from January 2025 to January 2026 Preoperatively TLC with TB was done. Severity of appendicitis was divided in uncomplicated 
and complicated.  Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and diagnostic 
accuracy  were calculated. The optimal cut off value for each parameter and area under the curve calculated using ROC curve.

Results: A total of 167 patients were included, with mean age± SD was 34.38 ± 17.80 years ,most common age group10-20 
years. The sensitivity, specificity, PPV, NPV and accuracy of TLC with cut off value >11000 were 64.28%, 32.99%, 40.90%, 56.14% 
and 46.10%, for TB with cut off value >1.4mg/dl were 41.42%, 68.04%, 48.33%, 61.68% and 56.88%.  The area under the curve 
(AUC) of TLC, TB and N/L ratio were 0.601, 0.573 and 0.745. The diagnostic accuracy of TB over TLC is statistically significant 
(p value <0.001). 

Conclusion: Increased bilirubin level has higher diagnostic accuracy than leukocytosis for severity of appendicitis. Combining 
inflammatory biomarkers such as TLC and TB improves diagnostic accuracy in appendicitis.
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distinguishing between uncomplicated and complicated appendicitis, 
such as gangrenous, perforated, or abscess, remains a frequent challenge 
in clinical practice. Existing studies provide mixed results: increased 
bilirubin levels are a better predictor of appendicular perforation than 
leukocytosis.9,10,11 Similar results were obtained from a study done in 
India and Nepal too.12,13 The diagnostic yield of  TLC and serum bilirubin 
is modest when used alone; however, when combinations of these 
variables are used, the ability to discriminate between uncomplicated 
and complicated appendicitis is significantly increased.14 

This study is designed to evaluate and compare the diagnostic 
accuracy of  serum bilirubin and TLC  in differentiating uncomplicated 
from complicated acute appendicitis. The ultimate aim is to 
improve  preoperative risk assessment and support timely clinical 
decision-making, potentially reducing morbidity associated with 
delayed or missed diagnosis of severe appendiceal disease.
METHODS
This is a retrospective cross sectional analytical study done at 
tertiary hospital. Case was complicated appendicitis and control 
was uncomplicated appendicitis. Ethical approval was taken from 
institutional review committee (IRC-RAHS). Considering the sensitivity 
and specificity of total bilirubin is 0.88 and 0.26 and for leukocytosis 
is 0.83 and 0.62.7 Sample size(n)= ((Z

1−α/2
+ Z

1−
ᵦ)² · (1 − ρ )) / (ΔAUC)². 

Where, Z
1−α/2

=1.96  (for 95% confidence), Z
1−

ᵦ =0.84 (for 80% power), 
ρ=0.6 (assumed correlation), and ΔAUC=0.725−0.57=0.155.

 The calculated sample size was 167. The patients who underwent 
emergency open appendectomy from January 2025 to January 2026 
however case of interval appendectomy, appendicitis with known liver 
disease and age less than 10 years were excluded from study. Patients 
who presented to the emergency department with symptoms suggestive 
of acute appendicitis underwent routine preoperative investigations, 
including serum total bilirubin and total leukocyte count (TLC) along 
with other preoperative test for surgery. Open appendectomy was 
doe as per standard procedure by consultant general surgeons. The 

INTRODUCTION
Appendicitis is one of the most common causes of acute abdominal pain 
requiring urgent surgical intervention.1 About 7-8% of the population will 
experience appendicitis in their lifetime, with the highest prevalence 
rates occurring between the 2nd and 3rd decades of life, and the age-
adjusted mortality rate is 1.00 per 100,000 population .2,3,4

Diagnosis of appendicitis is based on the combination of clinical 
assessment, laboratory investigation, and radiological investigation. 
In many cases, the complete blood count is a commonly performed 
laboratory investigation. Because the specificity of leukocytosis is low 
and it is a common feature of the systemic inflammatory response, it is 
less useful as a single parameter.5 Recently, bilirubin levels have been 
proposed as an auxiliary marker to evaluate the severity of appendicitis.6 
Increased bilirubin may indicate a more common pathway of bacterial 
translocation and endotoxemia, which is more frequent in severe 
presentations, such as perforated or gangrenous appendicitis, and can 
serve as a surrogate marker.7,8  

Despite the significant advances in imaᵦᵦging and laboratory diagnostics, 
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Table 3: Comparison of Age, TLC, TB, N/L ratio between uncomplicated 
and complicated appendicitis (n=167)

Parameter 

Morphology of appendix (mean ± 
SD)

P value 

( t -test )
Uncomplicated 

(n=97)
Complicated 

(n=70)

Age 32.03 ± 15.96 37.62 ± 19.74 0.053

Total leucocyte 
count (cells/
mm3)

11739 ± 3554.78 13407 ± 4495.32 0.011

Neutrophil to 
lymphocyte 
(N/L) ratio 

6.67 ± 4.74 13.07 ± 9.92 <0.001

Total bilirubin 1.27 ± 0.82 1.59 ± 1.15 0.049

Table 4: Predictive marker of severity of appendicitis with leukocytosis 
(TLC>11000) and increased bilirubin (TB>1.4mg/dl) (n=167)

Parameters
Morphology of appendix

Complicated Un-complicated

Total leucocyte count (TLC) cells/mm3 Total Leucocyte count

Increased 
(>11000)

45 65

Sensitivity 
=64.28%

Specificity 
=32.99%

PPV= 40.90%,

NPV= 56.14%

Accuracy = 
46.10%

Normal 
(≤11,000)

25 32

Total bilirubin (mg/dl)

Increased 
(>1.4) 29 31

Sensitivity 
=41.42%

Specificity 
=68.04%

PPV= 48.33%,

NPV= 61.68%

Accuracy = 
56.88%

Normal (≤1.4) 41 66

*PPV: Positive predictive value, NPV: negative predictive value, McNemar 
χ² = 16.10, p < 0.001 for complicated appendicitis

Analyzing the receiver operating curve (ROC) curves, the area under 
the curve (AUC) of total leucocyte count (TLC), total bilirubin (TB) 
and neutrophil lymphocyte ratio (N/L) were 0.601, 0.573 and 0.745. 
Regarding the cutoff value of the Youden index for TLC was 14275 
with sensitivity and specificity was 41.4% and 82%, for total bilirubin 
1.63mg/dl with sensitivity and specificity was 32% and 80.4% and N/L 
ratio of 6.7 was sensitivity and specificity are was 80% and 62% (Figure 
1)

DISCUSSION 
Acute appendicitis is among the most prevalent surgical emergencies 
across the globe, and prompt diagnosis of complicated appendicitis is 
key factor early intervention and decrease the morbidity. Appendicitis 
is mainly diagnosed by clinical, laboratory and radiological 
investigation. Several parameters in laboratories have been explored 
as possible predictors of disease severity. The present study aimed 
to determine the diagnostic usefulness of total leukocyte count 

morphology of appendix was noted as normal looking appendix, 
inflamed, gangrenous or perforated appendicitis. These values were 
recorded following surgery, patients are classified into one of two groups, 
uncomplicated appendicitis or complicated appendicitis, based on what 
was found during the operation and confirmed by histopathological 
examination. Those with perforation, gangrene, or abscess formation are 
included as complicated, whereas only inflammation of the appendix is 
counted as uncomplicated appendicitis.

Data was collected in a preformed proforma and entered in a Microsoft 
Excel sheet and analyzed using Statistical package for social science 
(SPSS) version 16. The central tendency for continuous data was 
measured with the mean±standard deviation for the data being 
normally distributed. For comparison of bilirubin and total count and 
neutrophil to lymphocyte ratio across uncomplicated and complicated 
appendicitis group, unpaired t- test was applied. Sensitivity, specificity, 
positive predictive value, negative predictive value and diagnostic 
accuracy  were calculated for increased bilirubin and leucocyte and 
neutrophil to lymphocyte count. The cut off value for each parameter ( 
TLC, TB, N/L ratio) and area under the curve (AUC) were defined using 
receiver operating characteristic (ROC) curve with Youden index.15 A 95 
% confidence interval was taken and a p-value less than 0.05 was termed 
as statistically significant. This article has been reported in line with 
STROBE guideline.16

RESULTS
A total 167 patients were included in this study. The mean age± SD was 
34.38 ± 17.80 years old and the most common age group is 11-20 years 
of age (29.20%). Out of 167 patient male to female ratio was 47.3 to 52.7 
with decreasing trend of male patient after 20 years of age (table 1)

Table 1: Age wise distribution of patient (n= 167)

Age 
(Years)

No of patient

Percentage (%) Mean age ±SDMale Female

11-20 33 17 29.94 34.38 ± 17.80

21-30 11 19 17.96

31-40 7 21 16.77

41-50 12 17 17.37

51-60 5 5 5.98

60+ 11 8 11.37

Total 79 87 167 (100%)

 
Morphologically, the most common finding was inflamed appendicitis 
followed by perforated appendicitis (26.95%). Out of 97 case one case 
histopathological was found to be fibrous obliteration. (Table 2)

Table 2: Distribution of patient as per morphology of appendix (n= 167)

Morphology of appendix Number (N=167) Percent (%)

Inflamed appendicitis 97 58.08

Gangrenous appendicitis 25 14.97

Perforated appendicitis 45 26.95

Comparing the two group of appendicitis, uncomplicated versus 
complicated appendicitis) the age distribution was similar in two 
group. The mean ± SD for age, total leucocyte count, total bilirubin, and 
neutrophil to lymphocyte (N/L ratio) as per table 3. The mean of TLC and 
TB and Neutrophil to lymphocytes ratio statistically significant between 
two group with p value < 0.05 (Table 3)

The sensitivity, specificity positive, PPV, NPV and accuracy of TLC with 
cut off value >11000 were 64.28%, 32.99%, 40.90%, 56.14% and 46.10%. 
similarly, sensitivity, specificity positive, PPV, NPV and accuracy of TB 
with cut off value >1.4mg/dl were 41.42%, 68.04%, 48.33%, 61.68% and 
56.88%.  The diagnostic performance of serum bilirubin and leucocyte 
count is statistically significantly with p value <0.001.(Table 4)
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bilirubin level (1.4mg/dl) are 41.42%, 68.04%, 48.33%, 61.68%, 
56.88% showing bilirubin is less sensitive, more specific and has 
higher accuracy to predict the severity of appendicitis with p value 
<0.001 for complicated appendicitis which is similar to other studies 
results.10,11,12,13,14  however, Comparing the area under curve for 
TLC and bilirubin shows 0.601, 0.573 not statistically significant (p 
value 0.46) In the current study, the combination of leukocytosis and 
hyperbilirubinemia enhanced diagnostics performance. In parallel 
analysis, sensitivity rose to 84.94%, better detecting complicated 
appendicitis, but specificity dropped. On the other hand, the 
specificity of series testing was 78.56% indicating that combined 
lab values could be more diagnostic than any single marker alone. 
The same results have been documented in research that has shown 
that a combination of inflammatory biomarkers improves diagnostic 
accuracy in appendicitis.27,28

CONCLUSION
The outcome of this study shows that total leucocyte count and total 
bilirubin and neutrophil to lymphocyte ratio are a good diagnostic 
marker of severe appendicitis. Comparing between these tests 
increased bilirubin level has more diagnostic accuracy than 
leukocytosis for severity of appendicitis. Using the combination of 
inflammatory biomarkers TLC, TB and neutrophil lymphocyte ratio 
improves diagnostic accuracy in appendicitis.
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