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Abstract 

Background: Acute appendicitis is one of the most frequent causes of abdominal pain. Early diagnosis is the key 

to success for the surgeon, followed by the treatment with operation or conservative treatment as a new 

approach, before the stage of gangrenous appendicitis or perforation occurs.  

Aim: This study aims to establish he role of hyperbilirubinemia as a laboratory marker in prediction of acute 

appendicitis in the early diagnosis. 

Materials and methods: This is a cross-sectional study; it included 201 patients admitted in the emergency ward 

with suspicion for acute appendicitis. All patients that participated in this study have been subject to 

appendectomy. The blood samples were taken from all patients in order to analyze the level of total/direct 

bilirubin. 

Results:  The study samples of 201 patients consisted of 67.7% with complicated appendicitis and 32.3% with 

non-complicated appendicitis. The sensitivity, specificity, PPV, NPV for laboratory marker, as predictor for 

complicated vs non-complicated cases of appendicitis was as follows: Total bilirubin; specificity (72.3%), 

sensitivity (54.4%), PPV (80.4%), NPV (43.1%),  

Conclusion: Elevation of total/direct bilirubin level in patients with clinical signs of acute appendicitis might 

predict the stage of acute appendicitis, such prediction may help surgeons to provide accurate treatment of the 

disease without delay in the diagnosis. This accuracy can be further supplemented by using Alvarado scoring 

model during the clinical approach.  

Keywords: Acute appendicitis, total/direct bilirubin, appendectomy, examination, clinical approach, Alvarado 

score. 
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Introduction 

 

Acute appendicitis is defined as an inflammation of 

the appendix vermiformis. It is a common cause of 

abdominal pain and still remains a diagnostic and 

therapeutic challenge for surgeons in the 

emergency ward. Less than five percent of children 

diagnosed with acute appendicitis are younger than 

five (5) years old (1). Up to 40 % of cases with 

appendicitis occur in the age-group between 10 and 

29 years(2). Although, it is frequently seen in 

second through fourth decades of life, it can be 

diagnosed in any age. Appendicitis is more frequent 

in males rather than females (8.6% vs. 6.7%) (3). 

The common cause of appendicitis is usually 

obstruction of lumen with nonspecific factors(4, 

5).This obstruction occurs from the undigested 

food, fecaloma, lymphoid inflammation or even any 

twist around. In a small percentage of cases, 

bacteria from enteric part may infect appendix with 

direct spread or may cause hyperplasia in the 

lymphoid part of appendix with consequent 

obstruction.(6) More than 14 organisms are 

reported in patients with perforative appendicitis. 

Different agents including adenoviruses 

(Montgomery EA and al) Rubella(8) ,Epstein-Barr 

virus, Actinomyces Israeli (8, 9),Ascaris lumbricoides 

and Enterobius vermicularis(10, 11) are involved in 

this polymicrobial infection. Escherichia coli and 

Bacteroides fragilis are two organisms which 

equally found in normal appendix as well as in 

acute and perforated appendicitis(12, 13). In the 

later stages of the inflammation, mucosal 

ulceration occurs, followed by Escherichia coli 

dissemination to the portal blood system. Studies in 

animal models have shown that bacteria can 

interfere with microcirculation on the hepatocyte, 

thus inducing hepatic damage with impaired acid 

bile secretion within the hepatobiliary system(14).  

 

E. coli affects also the intravascular hemolysis, 

second mechanism by which bilirubin levels 

increase in the blood circulation (15). 

Recently, the use of imaging methods was 

associated with increased diagnostic accuracy in 

daily practice and decreased rate of negative 

appendectomy. 

This way, SCOAP trial with 3540 appendectomies 

performed, found significant decrease in negative 

appendectomy with increased CT and ultrasound 

use(16).  

Different scoring systems are available and the 

most commonly used are: the Alvarado Score, 

Acute Inflammatory Response Score, the Pediatric 

Appendicitis Score (PAS) (17) and the Lintula score 

(18).  

The first score was presented by Alvarado in 1986 

and furthermore modified Alvarado score was 

accessible by Kalan and colleagues (19). Their score 

ranged from 0-9 points.  

The use of Alvarado score is important during the 

clinical evaluation of patient suspicious for acute 

appendicitis. Every patient with high Alvarado score 

needs further assessment and evaluation.  

There are many systems that numerous authors 

proposed for use during the clinical assessment of 

patients with abdominal pain but the Alvarado 

score with its modification is widely favored (19, 

20). 

The Alvarado score was constructed by Alvarado in 

1986 and is expressed up to maximum10 points. It 

is also known as a MANTRELS, which is an acronym 

for Alvarado score (Table 1). 
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Table 1: Structural criteria of the Alvarado Score 

Modified from: Alvarado A. A practical score for the 

early diagnosis of acute appendicitis. Ann Emerg 

Med 1986; 15:557. 

 

Scores from 1 to 4 correspond to low risk for acute 

appendicitis and subsequently patient can be 

discharged from the Emergency Ward, whether the 

score from 5 to 6 needs further observation. Finally, 

in cases when the score is 7 up to 10,surgical 

intervention is considered(20). Currently, the 

clinical approach for all cases suspicious for acute 

appendicitis, include CBC (complete blood count) 

particularly leukocyte count, serum C - reactive 

protein and pregnancy test for women in 

childbearing age, for the purpose of excluding 

pregnancy. 

 

Differential Diagnosis 

Different inflammatory processes can simulate the 

acute appendicitis manifestation with similar and 

overlapping signs and symptoms, such is Meckel's 

diverticulitis, acute ileitis, cecal diverticulitis, 

crohn's disease, urologic disorders, gynecologic 

disorders, tubo-ovarian abscess. 

 

Treatment 

The treatment of acute appendicitis is 

appendectomy with open approach, appendectomy 

with laparoscopic approach and non-operative 

treatment. The operative treatment is widely used 

for treatment in patients with acute appendicitis. 

This can be performed with classical operation or 

laparoscopic approach depending on the 

experience of surgeon. The newest studies suggest 

the treatment of non- complicated acute 

appendicitis with conservative approach. This 

approach is usually applied in the initial phases of 

the inflammation and include the use of antibiotics, 

rehydration and dynamic follow-up. (21, 22). Acute 

appendicitis without complication can be managed 

successfully with antibiotics, without surgery. In 

cases where the recurrence of inflammation occurs 

(14 % of them), surgical treatment is performed (22, 

23). 

 

Aim of the study 

The overall aim of this study is to determine role of 

the hyperbilirubinemia in early triage and diagnosis 

of complicated versus non-complicated appendicitis 

in patients following clinical assessment such as the 

Alvarado Scoring system.S pecific aims of the 

research  

1. To determine sensitivity and specificity of 

bilirubin levels in early assessment of acute 

appendicitis. 

2.To establish bilirubin level as a standard 

laboratory marker for diagnosis of appendicitis. 

 

Materials and methods 

1.Ethics 

The Ethical Committee of the University Clinical 

Center of Kosovo approved the study protocol (with 

reference number 1/86/2016). The signed informed 

Feature Point 

Migration of pain 1 
Anorexia 1 
Nausea 1 
Tenderness in right lower 
quadrant 

2 

Rebound pain 1 
Fever 1 
Leukocytosis 2 
Shift of white blood cell 
count to the left 

1 

Total 10 
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consent of the patients were obtained from all 

subjects that participated in this study. 

 

2.Inclusion criteria 
1. Patients admitted in emergency ward and surgery 

unit, clinically suspicious for acute appendicitis 

(all patients included in this study were operated 

for acute appendicitis). 

2. Patients from 14 years old and above. 

 

3.Exclusion criteria 
1. Children with abdominal pain younger than 14 

years. 

2. Patients with liver disease, hepatitis and 

jaundice. 

3. Patients with hemolytic anemia and 

consequent hyperbilirubinemia. 

4. Patients with abdominal trauma injury. 

 

4.Statistical Analysis 

 

Statistical analysis was performed by using 

statistical package SPSS 17.0 version software. All 

categorized variables were presented as proportion 

in percentages with their 95% confidence interval 

(95%CI). The mean values of all continuous 

variables will also present with their 95% CI. X2-

analysis or Fisher exact test will perform to test the 

difference in proportions of qualitative variables 

between groups. The diagnostic performance of a 

test used as primary outcomes was evaluated using 

Receiver Operating Characteristic (ROC) curve 

analysis.  The level P <0.05 was consider as the cut-

off value for significance. 

 

Results 

A total of 201 subjects with acute appendicitis were 

enrolled in this study. In all 201 patents appendicitis 

was the final diagnosis. They were randomized in 

two groups. Complicated acute appendicitis was 

found in 136 patients (67.7%) participating in this 

study. While 65 patients (32.2%) were identified 

with non-complicated appendicitis. The percentage 

difference is statistically significant with p <0.05 

(p=0.0000-Difference test) (Graph 1). 

 
Graph 1. Distribution of patients with complicated and 

non-complicated appendicitis 

 

Age Distribution 

The average age of patients with complicated 

appendicitis is 30.7 years old, while the average age 

of patients with non-complicated appendicitis is 

21.9 years old (Table no.2). According to the Mann-

Whitney U test, the difference between two groups 

is statistically significant for p <0.05 (p=0.000009). 

 

RANK SUM - 
GROUP 1 

RANK SUM - GROUP 2 U Z P-LEVEL 

15444,50 4856,500 2711,500 4,428981 0,000009 

Table 2. Difference between age, complicated and non-complicated appendicitis determined by Mann-Whitney U Test 

1*complicated appendicitis. 2* non-complicated appendicitis 

 

Bilirubin level between two groups of studies 

67.7

32.3

complicated non-complicated
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The average level of total bilirubin in the group with 

complicated acute appendicitis is 24.9 mg/l,  higher 

than the reference value (18.8 mg/L). Average value 

of total bilirubin in the group of non-complicated 

appendicitis is 14.9 mg/L and it is in line with the 

reference value (18,8 mg/L), (Tab.3 and Graph.2). 

The difference between the average values of total 

bilirubin according to the Mann-Whitney U test is 

statistically significant; p <0.05(p=0.000022). 

 

 Mean - 
1 

Mean - 2 Valid N - 1 Valid N - 2 Std.Dev. - 1 Std.Dev. - 2 

Bil Level T 24,9 14,9 136 65 19,56050 8,04453 

Table 3. Average value of total bilirubin in complicated and non-complicated group 

  1*complicated appendicitis2* non-complicated appendicitis 

 Mean 

 Mean±SE 

 Mean±1,96*SE 
complicated non complicated

apendicitis

12

14

16

18

20

22

24

26

28

30

B
il
 L

e
v
e

l 
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Graph 2. The average value of total bilirubin in complicated and non-complicated appendicitis 

 

 Rank Sum - Group 1 Rank Sum - Group 2 U Z p-level 

Bil Level T 15373,50 4927,500 2782,500 4,244926 0,000022 

Table 4. Mann-Whitney U Test (total bilirubin and appendicitis) 

1*complicated appendicitis   2* non-complicated appendicitis 

 

The accuracy of total bilirubin as a diagnostic test 

(predictor marker) for the detection of early 

complicated and non-complicated acute 

appendicitis, is analyzed in Table 4. From the total  
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number of 201 patients with appendicitis, true 

positive were 74 patients, false positive 18. From 

109 negative findings, 47 true negative and 62 false 

negative results. 

The accuracy of total bilirubin: sensitivity 54.4%, 

specificity 72.3%, positive predictive value 80.4%, 

negative predictive value 43.1%. Total accuracy 

60.2%.  

ROC analysis shows that total bilirubin participates 

in establishing the diagnosis in complicated 

appendicitis with 68.5% (p=0,000) (good predictor 

for complicated appendicitis) (Figure 1). 

 

Average value of direct bilirubin in the group of 

complicated appendicitis is 7.9mg/Land is higher 

than the reference value (5.1mg/L). The average 

value of direct bilirubin in the group of non-

complicated appendicitis is 4.8mg/L and it is in line 

with the reference value(5.1mg/L). The difference 

between the average values for direct bilirubin 

according to the Mann-Whitney U test is 

statistically significant with the value of 

p<0.05(p=0.000251), (Table 5). 

 

 

 

 

 

 
Figure1. ROC curve for total bilirubin as a predictor for 

complicated appendicitis 

 

 

 

 

 

 Rank Sum 
- Group 1 

Rank Sum - 
Group 2 

U Z p-level 

Bil  
Level  

D 

15148,50 5152,500 3007,500 3,661654 0,00025
1 

Table 5. Direct bilirubin level according to Mann-Whitney U Test 

1*complicated appendicitis. 2* non-complicated appendicitis 

 

The accuracy of direct bilirubin as a diagnostic test 

(predictor marker) for the detection in early 

complicated and non-complicated appendicitis, is 

analyzed in Table 20. From 201 patients with acute 

appendicitis, true positive were 76, false positive 

60. From 65 negative results, 46 were true negative 

and 19 false negative results. The accuracy of direct 

bilirubin: sensitivity 80.0%, specifity 43.4%, positive  

 

 

predictive value 55.9%, negative predictive 70.7%. 

Total accuracy is 60.7%. 

ROC analysis shows that direct bilirubin participates 

in establishing the diagnosis in complicated 



  

appendicitis with 68.5% (p=0,000), (good predictor 

for complicated appendicitis) (Figure 2). 

 

 
Figure2. ROC curve for direct bilirubin as a predictor for 

complicated appendicitis 

 

Alvarado scoring model between complicated vs 

non-complicated appendicitis 

According to the Alvarado Score, the largest 

percentage of patients with complicated 

appendicitis consist of patients with definitive 

diagnosis of acute appendicitis, who require a 

surgical intervention (61.8%). 31.6% of them 

comprise patients with acute appendicitis, and 

finally, the remaining 6.6% consist of patients with 

a possible diagnosis of acute appendicitis. 

 

According to the Alvarado Score, the largest 

percentage of patients with non-complicated 

appendicitis consisted of patients with presence of 

acute appendicitis (49.2%). The percentage of 

33.8% of the patients is comprised of patients with 

definitive diagnosis, required surgical intervention, 

and finally, the percentage of 17.0% consisted of 

patients with a possible diagnosis of acute 

appendicitis based on the Alvarado Score (Graph 3). 

The difference in percentage which is registered in 

two groups of the study in relation with Alvarado 

Score is statistically significant for   

p<0.05(p=0.0002; p=0.0158, p=0.0212). 

 

 
Graph 3. Diagnosis based on the Alvarado Score model 

 

 
 
Figure3.  ROC curve for Alvarado score as a predictor for 

complicated appendicitis 

 

ROC analysis shows that Alvarado score participates 

in establishing the diagnosis for complicated 

appendicitis with 68.6% (p=0,000), (good predictor 

for complicated appendicitis) (Figure 3). 

 

0% 20% 40% 60% 80% 100%
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non complicated
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Disscusion 

 

Data from our study revealed bilirubin level and 

Alvarado score as reliable markers in the diagnosis 

of the complicated versus non-complicated 

appendicitis. 

Diagnostic test accuracy (ROC) in the present study 

ranged from 68.6 % for bilirubin and Alvarado 

score. The incidence of acute appendicitis is 

different, but the prevalence is around 7.5 up to 22 

out of 10 000 citizens.(3, 24, 25)  Delayed diagnosis 

and complication are important outcome measures 

during the surgical evaluation. 

In this study, we intended to analyze the laboratory 

marker such as: bilirubin level total/direct, gender, 

Alvarado scoring and histopathologic results in 

patients, divided in two groups with complicated 

and non-complicated appendicitis. 

Complicated appendicitis is defined as gangrenous 

appendicitis, perforation, abscesses and peritonitis 

whereas non-complicated appendicitis were 

phlegmonous and catarrhal appendicitis. 

In our study, we have analyzed 201 patients with 

acute appendicitis in which appendectomy was 

performed.  

From the total number of patients that participated 

in this study 67.7% or 136 patients were diagnosed 

with complicated appendicitis and 32% or 65 

patients with non–complicated appendicitis, 

therefore statistically significant difference was 

recorded for patients with complicated vs non-

complicated appendicitis. 

According to the retrospective cohort study 

conducted by Serres SK and al, the rate of 

complication for patients with acute appendicitis 

was around 23% in their study (26). 

Contradictory, in our study, the rate of 

complications in patients with acute appendicitis 

were much higher compared to the above-

mentioned study. This main finding in our study 

might be partially explained by non-appropriate 

and over-use of different analgezics during the 

initial phases of the disease which may mask or 

mimic clinical appearance and therefore delay the 

prompt diagnosis of acute appendicitis. Delayed 

referral from the primary health care as well as 

limited access to the medical services are among 

frequent determining factors for the disease 

outcome. 

Statistically significant dependence was recorded 

between the gender, age and the form of 

appendicitis. The average age for patients with 

complicated appendicitis was 30.7 years (mean-1) 

while in patients with non-complicated appendicitis 

the average age was 21.9 years (mean-2). Although 

the majority of the published studies revealed 

predominantly male gender in acute appendicitis, 

to our current knowledge, association between the 

male gender and complicated form of appendicitis 

was not previously described. Therefore, Mann-

Whitney-U test showed statistically significant 

difference (p<0.05) regarding the patient gender 

and form of the acute appendicitis in the present 

study. 74.3 % of patients with acute complicated 

appendicitis were male and only 25.7 % were 

female hence, statistically significant difference was 

found between males and females and complicated 

appendicitis ((p<0.05)  

The role of hyperbilirubinemia as a laboratory 

marker that may contribute in the diagnosis of 

acute appendicitis has been analyzed in numerous 

studies (27-29). Different studies, recently have 

tried to explain the role of hyperbilirubinemia in 

patient with sepsis and small number of authors 

have hypothesized the connection between 

hyperbilirubinemia and acute appendicitis and its 

complication (29, 30). 

In our cross-sectional study 201 patients with acute 

appendicitis were enrolled in total. From the total 

number of patients that participated in this study, 



  

67.7% of them were patients with complicated 

acute appendicitis while 32.3 % were patients with 

non-complicated acute appendicitis. Based on our 

study, the level of total bilirubin was elevated in the 

group of patients with complicated appendicitis 

with average level of bilirubin 24.9 mg/l and 

according to the Mann-Whitney U test this result is 

statistically significant. For direct bilirubin the 

average value is 7.9 mg/l, also statistically 

significant. For complicated appendicitis, sensitivity 

of total bilirubin was 54.4%, specificity 72.3, 

positive predictive value 80.4, negative predictive 

value 43.1 while global accuracy reaches up to 

60.2%. Poras Chaudhary et al,  in the prospective 

study of 50 cases have concluded that bilirubin is an 

important marker during the diagnosis of 

appendicitis and complicated appendicitis(31). 

According to the same results from this study 

hyperbilirubinemia was present in perforated and 

gangrenous appendicitis. The  level of serum 

bilirubin reported  was above 3 mg/dl, sensitivity 

and specificity of hyperbilirubinemia in gangrenous 

appendicitis was 100% and 92.9 % respectively,  

with high positive and negative predictive value 

(72.7% and 100%, respectively) according to this 

study(31). 

The role of hyperbilirubinemia in revealing 

complicated or perforative appendicitis was also 

demonstrated in another study conducted by Khan 

and co-workers. Reported sensitivity and specificity 

of the total bilirubin level in predicting the 

perforative appendicitis according to this study was 

88% and 80 % respectively(32). D'Souza N et al in 

their study suggest that hyperbilirubinemia in 

patients with acute appendicitis and complicated 

cases of appendicitis had higher specificity 

compared with WBC and CRP.(33) 

We have evaluated the accuracy of total bilirubin 

and according to our study the sensitivity of total 

bilirubin is 54.4%, specify 72.3% positive predictive 

value 80.4% and negative predictive value 43.1%. 

The study from D'Souza N et al, concluded that 

serum bilirubin in acute appendicitis is marker with 

higher sensitivity but with low sensitivity.(33) 

The serum bilirubin analysis with receiver-operating 

characteristic curve (ROC) in our study have shown 

that bilirubin marker is good predictor for 

complicated appendicitis (68.6%). Based on a study 

from Andrew Emmanuel et al,  where the bilirubin 

level was analyzed using ROC curve  the sensitivity 

were 57% and specificity 72% (34). In 201 patients 

enrolled in our study, we have concomitantly 

performed total bilirubin as well as direct bilirubin 

measurement. In this study statistically, significant 

difference was found regarding the total bilirubin 

level in complicated vs non -complicated 

appendicitis (24.9mg/L vs 14.9mg/L, respectively). 

Statistically significant difference was also found 

regarding the direct bilirubin measured in our 

subjects (7.9mg/L vs 4.8mg/L) between the 

complicated and non-complicated appendicitis. 

One of the most interesting findings in the present 

study is that sensitivity of the total bilirubin for 

differentiating complicated vs non-complicated 

appendicitis was only 54.4% and 80.0% for direct 

bilirubin. This way the combination of those two 

markers can improve clinical diagnosis in 

Emergency Ward and classify patients with acute 

need for surgery.  

Although PPV was similar for total and direct 

bilirubin (80.4 vs 70.7), the total accuracy for total 

and direct bilirubin resulted with 60.2 vs 60.7 

respectively. 

Therefore, hyperbilirubinemia is strongly suggestive 

of complicated appendicitis based on the data from 

the previous studies and in the same line are 

correspondingly results from the present study. (35) 

The Alvarado scoring system was used in our study 

to determine the role of this model in reducing the 

mismatch diagnosis. According to the ROC analysis 
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preformed during our study, Alvarado score is very 

good predictor in cases of complicated appendicitis 

with 68.6%. Based on our study the use of the 

scoring system in patients with suspicion for acute 

appendicitis ensures high rate of sensitivity and 

specificity. Also the study from Memon ZA et al, 

showed that Alvarado scoring system can 

contribute in decreasing the negative 

appendectomy.(36).  

In this study all appendectomy samples were 

referred for histopathologic evaluation and 

diagnosis which also included patient follow-up.  

Results from our study showed a strong correlation 

between the primary clinical assessment and final 

diagnosis.  

Hence, gangrenous changes in histopathological 

examination were found in 99.3 % of complicated 

appendicitis and phlegmonous changes in 87.7 % of 

non-complicated cases. 

Important finding from the present study is also 

statistically highly significant correlation between 

the histopathologic diagnosis and total and direct 

bilirubin (p<0.05). 

To summarize, the above mentioned relationships 

between each variables used in the study, reveal 

hyperbilirubinemia and Alvarado scoring system as 

the most reliable biomarkers for early diagnosis and 

prognosis of acute appendicitis, pointing out the 

obvious discriminatory strength of the bilirubin 

level and scoring system to categorize complicated 

from non-complicated appendicitis.  

 

Conclusion 

 

1. Data from the present study found out high 

rate of complications in patients diagnosed 

with acute appendicitis in our study sample. 

2. Our results demonstrated a strong correlation 

between the male gender and complicated 

appendicitis (male 74.3 % vs female 25.7 %). 

3. Hyperbilirubinemia poses moderate diagnostic 

and prognostic test accuracy principally for the 

complicated appendicitis (ROC=68.6%). 

4. Combination of total and direct bilirubin can 

improve clinical diagnosis in Emergency Ward 

and classify patients with acute need for 

surgery. 

5. Alvarado scoring system is a good diagnostic 

predictor in complicated appendicitis 

(ROC=68.6%). 

6. A strong correlation between the clinical 

diagnosis and histopathological result was 

evidently demonstrated. 

7.  Total and direct bilirubin level showed 

statistically significant correlation with the final 

histopathological diagnosis (p<0.05). 
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