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Abstract
Introduction: Clinical diagnosis of acute appendicitis still remains a problem. Delays in diagnosis of acute
appendicitis may cause perforation and septic peritonitis which result in increasing morbidity and mortality. The
aim of this study was to determine the sensitivity, specificity and the diagnostic value of total serum bilirubin
levels as a predictor of acute appendicitis.
Methods: In this cross-sectional study, patients who underwent appendectomy with the diagnosis of acute
appendicitis from April 2012 to March 2013 at Emam Reza Hospital in Mashhad (Iran) were enrolled. Serum
bilirubin -Total and Direct-, were measured. Then based on the final pathologic reports, patients were categorized
into five groups of normal appendix, chronic inflammatory changes, acute appendicitis, gangrenous and/or
necrotic changes, and perforated appendicitis. Independent sample t-test, ANOVA, and Chi-square test were used
for data analysis by SPSS version 16.
Results: There were 174 patients studied, (117 male, 57 female) with a mean age of 27.15±0.7 years. All of the
patients had rebound tenderness; 75.3% had nausea, 58.6% had anorexia and 21.3% had fever. The histological
reports of all patients showed 76.4% acute appendicitis. Analyzing p-values for SGPT, SGOT, WBC was
(p=0.903) and differential count was (p=0.959). The study showed no significant difference between the
pathological groups. However, there were no significant differences in serum total bilirubin levels between the
pathological groups. Total bilirubin showed sensitivity of 48% and specificity of 61% in the diagnosis of acute
appendicitis. Total serum bilirubin more than 0.85 mg/dl was the cut-off value with the best performance for
diagnosis of appendicitis.
Conclusion: Bilirubin levels are reliable, sensitive and specific to diagnosis and a prediction of complicated
appendicitis.
Keywords: Bilirubin, Appendicitis, Diagnosis, Complication

1. Introduction
Acute Appendicitis is the most frequent cause of abdominal pain which requires emergency surgery (1).
Appendectomy for acute appendicitis is the most commonly performed emergency operation in the world; seven
percent of all people undergo appendectomy for acute appendicitis during their lifetime (2). The diagnosis of acute
appendicitis is based primarily on clinical symptoms and physical findings. Numerous scoring systems,
incorporating clinical features and lab results, have been designed to assist the diagnosis, e.g. the Alvarado score, as
the most popular one. Scores are based on clinical presentations, leukocyte count and/or C-reactive protein, and
concentrate on the diagnostic calculation of appendicitis in a primary clinical situation (3-5). Radiologic
investigations, such as CT scan, MRI or ultrasonography, confirm the diagnosis of appendicitis and its
complications with high sensitivity and specificity, however they can be very costly and time-consuming, also,
radiation could have long term adverse effects especially in pediatric patients; furthermore, they are not always
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available in emergency units and their routine use has not been shown to reduce the rate of negative
appendectomies. Thus, we must rely on the clinic and laboratory tests to suspect appendicitis and estimate its extent,
before relying on radiological examinations (2, 6-9). Despite being the most common surgical emergency, and even
after all these diagnostic tests, proper diagnosis and optimal management of acute appendicitis is very difficult,
considering that there may not be classical symptoms and signs of appendicitis all the time, and different clinical
signs and symptoms always mimic the diagnosis of acute appendicitis. Therefore, acute appendicitis remains the
most commonly misdiagnosed surgical emergency and sometimes, either the diagnosis is missed resulting in
complications such as appendiceal perforation or abscess formation, or the patient’s normal appendix is removed,
both leading to increase in mortality and morbidity (1, 4, 10-13). The rate of perforated appendicitis in adults has
been reported as between 17 to20% (14). Perforated appendicitis has early and long-term complications; it is known
to be the main cause of postoperative morbidity and prolonged hospital stays in these patients (2, 15, 16). Morbidity
following perforated appendicitis includes wound infection, bacterial peritonitis, intra-abdominal abscess formation,
postoperative intestinal obstruction and prolonged ileus (10). No single clinical or laboratory test has been identified
in order to reliably predict acute appendicitis or appendiceal perforation. Furthermore, none of the scoring systems
evaluate the risk of appendiceal perforation (17). Accordingly, a simple, cheap and available test with an acceptable
sensitivity, specific for acute appendicitis and its complications, in combination with clinical findings, is needed to
make the diagnosis of AA, to anticipate its extent and severity, and to decide appropriate management (1, 2, 18).
However the diagnostic and discriminatory value of some blood markers, such as C-reactive protein (CRP), and
white blood cell (WBC) count, had been extensively addressed in the former studies (19-22), and are currently
applicable in scoring systems (5). In recent years, studies have emerged to show that serum bilirubin levels could
indicate patients with acute appendicitis (23). Some studies have also formulated that hyperbilirubinemia can be
associated with perforation and severity of the appendicitis (3, 18, 24-27). Elevated serum bilirubin levels can be
explained by the invasion of the Gram-negative bacteria to the appendix, leading to direct invasion or translocation
of the germs in the portal system and the liver, interfering with bilirubin excretion through bile ducts by endotoxin
action. So these markers, along with clinical presentation, can be used to improve preoperative diagnosis of acute
appendicitis as well as prediction of its rupture as a new severity marker (1, 2, 23). The aim of this study was to
determine the sensitivity, specificity and the diagnostic value of total serum bilirubin levels as preoperative
diagnostic/severity marker of acute appendicitis, on a series of patients with suspected acute appendicitis which
underwent appendectomy later in the course of treatment.

2. Material and Methods
2.1. Study setting
In this cross-sectional study, 174 patients, who were admitted to the emergency unit of Imam Reza hospital in
Mashhad between April 2012 and March 2013 with clinical diagnosis of acute appendicitis, were included in this
case series study.

2.2. Selection criteria
Patients with suspected acute appendicitis over 18 years old were included. Exclusion criteria were: 1) hepatobiliary
diseases associated with hyperbilirubinemia, 2) hemolytic diseases, 3) history of alcoholism, 4) certain infectious
diseases, 5) we excluded these patients because their diseases affect the serum bilirubin. All patients with suspected
acute appendicitis were based on the Alvarado scoring system and if aged >18 years, were eligible for inclusion and
underwent appendectomy in the general surgery department of Imam Reza hospital. Patients with any previously
known liver disease (viral hepatitis, cirrhosis, Gilbert’s disease, Dubin-Johnson syndrome, benign recurrent intra-
hepatic cholestasis and other documented biliary, hemolytic or liver diseases associated with hyperbilirubinaemia),
risk factors for hepatic disease such as alcoholism and signs of infection which could explain elevated serum
bilirubin levels, were excluded from the study

2.3. Data collection and laboratory methods
All the samples obtained during the appendectomy were sent to the pathology department for histopathological
analysis. Ten ml of venous blood samples were obtained at the time of admission, and circulating levels of CRP,
WBC, differential leukocytes count, total and direct bilirubin, SGOT and SGPT, were measured. As stated by our
institutional laboratory, normal values were considered for WBC at <11,000/mm3, for TB when levels were from 0
to 1.2 mg/dl, and for CRP when levels were from 0-10 mg/l. Each patient provided demographic and clinical
information including age, gender, and the presence of fever, nausea/vomiting, anorexia, tenderness and rebound
tenderness symptoms. Eligible participants were classified into groups based on final pathologic reports for
appendix and surgical findings: Group1, having no abnormal pathologic findings; Group 2, presence of nonspecific
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chronic inflammatory changes; Group 3, evident acute inflammatory changes; Group 4, gangrenous and/or necrotic
changes; and Group 5, perforated appendicitis.

2.4. Statistical analysis
All statistical analyses were performed using SPSS 16.0 for Windows (SSPS Inc., Chicago, IL, USA). Data were
analyzed by Kolmogorov-Smirnov, unpaired t-test, Mann-Whitney U test, Kruskal-Wallis test, one-way analysis of
variance (ANOVA), Chi square, and Fisher’s exact test. In order to compare the sensitivity and specificity of the test
variables WBC, CRP, TB, and their application when predicting perforated appendicitis, receiver-operating
characteristic (ROC) curves were created for each endpoint. Two-sided p-values not greater than 0.05 were
considered to show statistical significance for all statistical tests. When the area below the curve is nearer to 1.0, it
signifies a greater sensitivity and specificity; while an area below the curve, nearer to 0.5, signifies a poorer
sensitivity and specificity, confidence intervals of 95% were calculated. The best cutoff values with the highest
sensitivity and specificity were established as the test variables.

2.5. Research ethics
This study was approved by the ethics committee of Mashhad University of Medical Sciences. (No. 900708). All
participants gave full informed written consent, which included consent for biomarker analysis prior to inclusion
into the study. Participation in this study was voluntary, and participants could exclude themselves at any time. All
names (Number, patient name on the questionnaire and follow patients with file number) and information taken
from the patient during the study, will remain confidential and the results will be published as a whole.  If individual
results are necessary, participants’ anonymity will remain.

3. Results
A total of 174 patients were enrolled in the study. The mean age of all patients was 27.15±0.7 years; most of the
patients were between 21 to 40 years. The sex distribution of the participants was 117 (67.3%) male to 57 (32.7%)
female patients. Analysis of the data distribution by the Kolmogorov-Smirnov test, showed that age, clinical and
laboratory variables were not normally distributed. Therefore, Kruskal-Wallis non-parametric test was used to
statistically analyze the variables that were not normally distributed. Considering the clinical criteria of the Alvarado
scoring system, all patients (100%) had rebound tenderness; 131 patients (75.3%) had nausea, 102 (58.6%) and 37
(21.3%) cases presented with anorexia and fever respectively. Histological examination reports revealed that out of
the 174 appendix specimens: Most of them, 76.4% (133 samples) were reported as acute appendicitis (group 3);
0.6% (1), 13.9% (24), 8.5% (15) and 0.6% (1 sample) were categorized in the groups 1, 2, 4 and 5 respectively. The
percentage of each clinical criterion of Alvarado score within different pathological groups is summarized in Table
1. There was no statistically significant difference, between the pathologically divided groups, considering the
presence of nausea (p = 0.724), anorexia (p = 0.69), fever (p = 0.053). Blood analysis results showed that, 66.7% of
patients had leukocytosis (WBC> 11000) and 90.8% of patients had shift to the left (neutrophil > 70%). The mean
serum total bilirubin level was 1.01±0.04, mean CRP level was 9.72±0.39 and mean circulating levels of SGOT and
SGPT were 23.25±0.67 and 17.36±0.64, all of which were within normal limits. Analyzing values for SGPT levels
(p=0.106), SGOT levels (p=0.427), WBC (p=0.903) and differential count (p=0.959), no statistically valuable
difference was considerable between the patients in the five pathological groups. However, serum total bilirubin
levels (p=0.044), direct bilirubin (p=0.032) and CRP (p=0.047) had a significant difference between the different
pathological groups. The ROC curve for total bilirubin showed sensitivity of 48% and specificity of 61% for
prediction of the severity of acute appendicitis. Total serum bilirubin more than 0.85 mg/dl was the cut-off value
with the best performance for prediction of perforated appendicitis (Figure 1).

Table 1. The percentage of each clinical criterion of Alvarado score within pathological group
Variables, n
(%)

Normal
appendix
group (n=1)

Chronic
inflammatory
changes group
(n=24)

Acute
appendicitis
group
(n=133)

Gangrenous and/or
necrotic changes
group
(n=15)

Perforated
appendicitis
group
(n=1)

Nausea 1 (100%) 19 (79.1%) 100 (75.1%) 10 (66.6%) 1 (100%)
Fever 0 4 (16.6%) 25 (18.8%) 8 (53.3%) 0
Anorexia 0 15 (62.5%) 78 (58.64%) 8 (53.3%) 1 (100%)
Rebound
tenderness

1 (100%) (100%) (100%) (100%) (100%)
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Figure 1. ROC Curve-specificity and sensitivity for prediction of the severity of acute appendicitis

4. Discussion
In emergency units, diagnosing appendicitis is mainly done through symptomatic history and clinical evaluation.
Studies conducted before, mainly demonstrated a significant p-value and a considerable sensitivity and specificity
for clinical signs and symptoms to diagnose appendicitis and to perform an appendectomy (1, 17, 28). Anderson et
al. in a meta-analysis also showed that clinical assessment and inflammatory markers were among the strongest
discriminators of appendicitis (19). In our study, there was no statistically significant difference between the
pathologically divided groups, considering the presence of nausea (p=0.724), anorexia (p=0.69), fever (p=0.053) and
rebound tenderness (p=0.999). However, a raised white blood cell (WBC) is not specific for appendicitis (18),
leukocytosis and shift to the left, as laboratory criteria of Alvarado scoring, had been previously considered as key
elements in diagnosing appendicitis with a high sensitivity (20, 23). Their importance as predictors of perforated
appendicitis had been shown to be low in studies conducted before (3, 29). Analyzing values for WBC (p=0.903)
and differential count (p=0.959), no statistically valuable difference was considerable between the patients in the
five pathological groups in our study. Our study showed no statistically significant difference between pathological
groups in the levels of ALT and AST. Studies regarding the importance of ALT and AST in diagnosing acute
appendicitis and predicting perforated appendicitis are scarce and conflicting (1, 17). CRP is currently a well -
established, sensitive, although unspecific marker in sepsis (30). Although the level of CRP is not significantly
increased among patients suffering from acute appendicitis, the patients with perforated appendicitis may have a
significant elevation of CRP levels compared to uncomplicated appendicitis (17, 31). In this study, CRP levels (p =
0.047) had a significant difference between the different pathological groups. These results were consistent with
most of the studies which have been done before. A study conducted by Beltran et al. showed a high sensitivity and
low specificity for CRP to predict perforated appendicitis. They also concluded that CRP performed better than any
other inflammatory marker, laboratory test, clinical variable, or SIRS to predict perforated appendicitis (6). These
results were repeated by Panagiotopoulou et al. and Käser et al. (13, 32). In Anderson’s study, inflammatory
markers including CRP was as strong as clinical symptoms to predict advanced appendicitis (19). Serum bilirubin
levels rise in perforated appendicitis just like in sepsis of any other cause, because of hepatic dysfunction during
sepsis and it has therefore been suggested that bilirubin should be included in the assessment of such patients (3, 18,
33). In the present study, serum total bilirubin levels (p=0.044), and direct bilirubin (p=0.032) had a significant
difference between the different pathological groups. The ROC curve for total bilirubin showed sensitivity of 48%
and specificity of 61% for prediction of the severity of acute appendicitis. Total serum bilirubin more than 0.85
mg/dl was the cut-off value with the best performance for prediction of perforated appendicitis. In the study
conducted by Chaudhary et al., total serum bilirubin including both direct and indirect was found to be significantly
increased in cases of acute suppurative appendicitis, and was much higher in cases of gangrenous/perforated
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appendicitis (1). Findings from other studies are also following these results (1, 2, 23, 34-36). Sand et al. showed
that hyperbilirubinaemia had a specificity of 86% for appendiceal perforation or gangrene, compared with a
specificity of only 35% for CRP (27). Emmanuel et al. found that STB has a specificity of 88% and a positive
predictive value of 91% for perforated acute appendicitis (18). Even a 100% specificity and 80% sensitivity has
been reported for TSB by Khan et al. (4). Estrada et al. also showed that bilirubin levels of more than 1 mg/dl has a
threefold risk of perforated appendicitis (26). Although, some studies showed no diagnostic value for bilirubin in the
prediction of perforated appendicitis (6, 13). Bilirubin and no other serum marker, is sufficient alone in identifying
patients with acute appendicitis and prediction of perforated appendicitis and it’s useful only in combination with
other factors such as clinical symptoms and other blood markers (13, 25), or bilirubin significance as a marker could
be increased when combined with other markers (17). The predictive values of WBC and CRP also improve when
combined, and appendicitis is unlikely when both WBC and CRP are within the normal range (13, 37, 38).
Therefore none of these markers have a definitive diagnostic value and there is a greater chance of diagnosing acute
appendicitis when using a combination of multiple blood markers compared to using only one (17, 23). In general,
these biomarkers have had high specificity but low sensitivity. When biomarkers are combined, the specificity
increases, but there is little influence on sensitivity. Therefore, relevant biomarkers, whether combined or alone,
cannot be used to determine differentials, but rather add further support to a patient’s clinical appearance and
symptomatic history.

5. Study limitations and strengths
This study is limited by its limited number of patients so this mandates larger studies in the future. Also, detailed
histories and investigations to exclude all patients with pre-existing liver or hemolytic diseases and other exclusion
criteria were not taken. However, in this study, we used the cooperation of young people, and in collaboration with
research centers and laboratories of Mashhad University of Medical Sciences, the project process was facilitated.

6. Conclusions
Although diagnosis of acute appendicitis is a problem for surgeons, in the current study we showed that a bilirubin
level is a reliable factor to predict complicated appendicitis. This marker, along with the other markers including
WBC, CRP and clinical presentation are more reliable and indeed more sensitive and specific to predict complicated
appendicitis. More studies with larger study population are needed in the future to conclude more precisely in this
matter.
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