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Abstract

Background and Obijectives: Acute Appendicitis is the commonest general surgical emergency, which needs
early surgical intervention, to improve the outcome. The rate of misdiagnosis of appendicitis and the rate of
appendicular perforation has remained constant, inspite of increased use of ultrasonography, computed
tomography scanning and laparoscopy. For early and accurate preoperative diagnosis, acute appendicitis still
remains an enigmatic challenge and is a reminder for the art of surgical diagnosis.

Our study was done to find if the Serum Bilirubin could be considered as a new laboratory marker to aid in the
diagnosis of Acute appendicitis and if so, does it have the predictive capacity to warn us about Appendicular
perforation.

Materials & Methods: Patients reported to R L Jalappa Hospital and Research centre constituent, of Sri
DevrajUrs Medical college, surgery department with acute abdomen, was considered for our study. The Study
group included 100 patients. Maximum in the age group of 21-40 years.Clinically proven cases of acute
appendicitis and perforation was considered. All the cases were evaluated biochemically to find if any
association of serum bilirubin existed/present with clinically proven acute appendicitis.

Results: In our study, males were (51%) and females (49%) with overall mean age was 25.41 + 11.44 years.
Of the 100 patients, on HPR 82% were confirmed as acute appendicitis while 11% were diagnosed with
Appendicular perforation and 7% were diagnosed as recurrent appendicitis. Of 82 patients with acute
appendicitis, 69.5% had elevated bilirubin levels, while 30.5% had normal levels. 11 patients were diagnosed as
Appendicular perforation, all patients had elevated bilirubin levels. Of 7 patient with recurrent appendicitis
28.6% patient had elevated bilirubin levels, while 71.4% had normal levels. The Sensitivity and Specificity of
serum bilirubin as a marker in predicting Acute appendicitis was 69.51% and 27.78 % respectively. Similarly
the Positive predictive value and Negative predictive value was 81.43 % and 16.67% respectively with
diagnostic accuracy was 62%. ROC curve showing area under curve for acute appendicitis was 0.26 , and it
was highest for appendicular perforation 0.98 with cut off bilirubin 1.85 mg/dl had 100% sensitivity and 92%
specificity in diagnosis of appendicular perforation.

Conclusion: Serum bilirubin levels comes out to be a favorable laboratory marker for diagnosing acute
appendicitis, however diagnosis of appendicitis remains static - clinical. Its level appears to be a useful marker
in diagnosis of appendicitis and would be helpful in managing acute cases.

Patients with clinical signs and symptoms of appendicitis and with hyperbilirubinemia more than the normal
range should be considered as having a higher chance of Appendicular perforation suggesting, serum bilirubin
levels have a promising predictive potential for the early diagnosis of Appendicular perforation.

I.  Introduction

Acute appendicitis is the most common cause of “Acute Surgical abdomen™?. Appendicectomy is the
commonest emergency abdominal surgery, performed by a surgeon,Diagnosis of Appendicitis still remains a
puzzle in spite of advances in the radiological and laboratory investigations. Diagnosis of appendicitis could be
accurately made only with a combination of history, physical examination and laboratory studies, as per a
clinician has experienced 3. Although most patients with Acute Appendicitis can be easily diagnosed, a firm
diagnosis still remains difficult as the sign and symptoms are variable in some cases. This is particularly true
where the appendix is retrocaecal or retroileal. Following appendicectomies the percentage of appendix found
to be normal varies 15- 50% and postoperative complications can occur in up to 50% of these patients.** Hence,
a delay in diagnosis of Acute Appendicitis leads to perforation and peritonitis and increased mortality.
Perforation ranges from 50-90% in various cases. It is documented that clinical diagnosis is often biased and
needs an adjuvant which shall substantiate the confirmation. This could prevent unnecessary surgical
intervention. In such case, laboratory investigations such as White Blood Cell (WBC) counts and C-reactive
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protein (CRP) etc needs to be stressed upon.® The use of Ultrasonography (USG) as a diagnostic tool for
appendicitis has been well known .%* To clinch an accurate diagnosis various scores combining clinical features
and laboratory investigations have also been developed . These are the Alvarado score™ and the Modified
Alvarado score. However till date there is no confirmatory laboratory marker for the pre-operative diagnosis of
acute appendicitis and/ or appendicular perforation or recurrent appendicitis , moreover those which are done
are neither clear nor conclusive.

Although, the significance of serum bilirubin was reported recently, the importance of the elevated total
bilirubin has not been stressed in acute appendicitis and appendicular perforation.’ It is well established that
when microbes invade the body, leukocytes defend it. This leads to increase in the leukocyte count and further
leads to release of pro-inflammatory cytokines such as TNF-alpha, IL6 and other cytokine which occurs due to
Bacterial invasion in the appendix and transmigration of bacteria . These inflammatory cytokines reach the liver
via Superior mesenteric vein (SMV) and may produce inflammation, abscess or dysfunction of liver either
directly or indirectly by altering the hepatic blood flow resulting in alteration of liver function tests particularly
the bilirubin values.This created an interest in us to find any relationship between hyperbilirubinemia and acute
appendicitis and to evaluate its credibility as a diagnostic marker for acute appendicitis and also, to find if any
correlation level of elevated bilirubin levels do have a predictive potential role in the diagnosis of appendicular
perforation.

I1.  Objectives
1. Toestimate serum bilirubin in patients with acute appendicitis
2. To correlate serum bilirubin level in appendicitis , appendicular perforation and recurrent appendicitis.

3. To study the relationship between hyperbilirubinemia and acute appendicitis and to evaluate its usefulness
as a diagnostic marker for acute appendicitis.

4. To evaluate whether elevated bilirubin levels have a predictive potential for the diagnosis of appendicular
perforation.

Liver Function Tests

The significance of serum bilirubin was reported recently, the importance of the elevated total bilirubin
has not been stressed in acute appendicitis and appendicular perforation.
It is hypothesized that an association exists between hyperbilirubinemia and acute appenditics and its
complications such as appendicular perforation.?’

Bilirubin
Bilirubin (a tetrapyrrole, formerly referred to as hematoidin) is the end product of the metabolic

degradation of haem (prosthetic group of haemoglobin), myoglobin, the cytochrome P450’s and various other
haemo-proteins.?’The serum level of bilirubin represents the balance between production and excretion
(destruction) of these breakdown products. Laboratory evaluation of serum bilirubin allows detection in two
forms:
1. Indirect or Unconjugated bilirubin (i.e. before hepatic metabolism)
2. Direct or Conjugated (i.e. after hepatic metabolism)?

Since bilirubin is a most significant toxic waste product, hepatic handling is designed to eliminate it from

the body via biliary tract. There are various steps involved in this process namely

I. Hepatocellular uptake
I1. Intracellular binding,
111. Conjugation and
IV. Excretion.?’

Modern analytical methods document that normal plasma contains virtually no bilirubin conjugate. The
10 to 20% of the bilirubin in normal plasma that gives rise to prompt (Diazo) reaction is an artifact of kinetic of
the Van Den Berg reaction which along with various modifications is the method most commonly used to
quantitate bilirubin in clinical laboratories. Indeed, when direct reacting fraction is less than 15% of total
bilirubin at virtually any total bilirubin concentration, the bilirubin in the sample can be considered as essentially
all unconjugated.

Conjugated bilirubin (mono- and di-glucronide) is excreted across canalicular plasma membrane by an
ATP dependant transport process mediated by multi-drug resistant- associated-protein-2(Canalicular membrane
protein). The excretion of conjugated bilirubin by the canalicular transport mechanism is highly sensitive to
injury. Accordingly, in hepatocellular disease as well as with other cholestatic or mechanical obstruction to the
bile duct, bilirubin conjugates within the hepatocytes that is prevented from taking their normal pathway into the
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canaliculi and down the bile duct and may reflux into blood stream, resulting in mixed or less often a truly
conjugated hyperbilirubinemia.

Hyperbilirubinemia occurs either due to haemolytic, hepatocellular or cholestatic diseases. Cholestatic
and hepatocellular hyperbilirubinemia are associated with a rise in liver enzymes. In these cases the bilirubin is
predominantly direct in type (mixed type). An isolated serum bilirubin elevation (without enzyme elevation)
may be familial or due to hemolysis.Cholestasis is the failure of normal bile to reach duodenum. This may be
due to pathology anywhere between the hepatocyte and ampulla of Vater. Intrahepatic cholestasis includes those
conditions where there is no demonstrable obstruction to major bile duct. The causes are drugs, hormones,
primary biliary cirrhosis and sepsis.”® Sepsis reaches to the liver through portal veinfrom the gastrointestinal
tract as one of the most common route of the various routes. Any inflammatory condition may cause
transmigration/translocation of bacteria; its toxin or cytokines may cause suppression of hepatocellular function
and reduced excretion of bile from biliary canaliculi.®

Hyper biliru binemia And Appendicitis

Hyperbilirubinemia, defined as an elevated level of serum bilirubin in the blood, either because of
increased bilirubin production or alteration of bilirubin clearance. Serum bilirubin is not a well recognized
significant laboratory marker for aiding preoperative diagnosis of acute appendicitis and appendicular
perforation. Both mechanisms i.e increased production and alteration of bilirubin clearance, lead to an
accumulation of bilirubin and might play a role in elevation of serum bilirubin in patients with appendicular
perforation.

Bacterial infections leading to hepatic dysfunction may be due of abnormalities in bile acid formation
and bile flow. This ultimately can result in hyperbilirubinemia, which is a well-known side effect in the setting
of bacterial infection and especially in septic patients.”® Septic patients those with extrahepatic bacterial
infection, such as in perforated appendicitis, show a proinflammatory cytokine and nitric oxide — triggered
cholestasis by impairing hepatocellular and bile duct function.Further, Escherichia coli and Bacteroidesfragilis
are the most common bacterial species cultured from appendicular wall of patients with acute appendicitis, both
of which have been shown to interfere with hepatocytemicrocirculation, including sinusoidal damage as shown
in a rat liver model. E. Coli associated lipopolysaccharides have been shown to have an effectonhepatocyte
uptake and excretion of bile acids.*® Endotoxin secreted from E. Coli leads to a dose-dependent impairment of
choleresis(production of bile from the liver), which has been shown in a rat model.*® In addition, E. Coli
infection has been shown to induce hemolysis of regular erythrocytes.*” This leads to an increased bilirubin load
in infected individuals, which likely promotes hyperbilirubinemia. In Summarising the patho-physiology behind
the elevation of Sr. Bilirubin in Acute Appendicitis/Appendicular perforation:**%

Acute Appendicitis Appendicular perforation
Inflammatory response causes appendix to become more oedematous and is chaemic
Canses transmigration-'tran&cation of bacteria'toxins/cvtokines
Leading to endomxe*ia / bacteremia

Bacterial invasion into the hepatic parenchyma alter the physiology of biliary excretion.

|

Hyperbiliubinemia.

The mechanism of hepatic injury in sepsis could be because of bacteria, its toxin or cytokines. In early
sepsis bacteria and its toxin or cytokines are involved , where as in late sepsis, ischemia is common mechanism
of hepatic injury due to decreased hepatic blood flow. In both above situations the hepatic injury leads to
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dysfunction of hepatocyte and tubule leading to mixed type of hyperbilirubinemia (hepatocellular and intra
hepatic cholestasis).

Cholestasis in chronic bacterial infection, particularly in childhood or post operatively, is presumably
hepatocellular in nature. It can be due to cholestatic effect of endotoxin on sodium-potassium-ATPase. All the
constituents of bile show an increased level in serum. Conjugation of biliary substance is intact but excretion is
defective. Serum alkaline phosphatase is raised. The rise is due to increased synthesis or release of enzymes
from liver or biliary plasma membrane. The minimal elevation in transaminase value and sometimes serum
bilirubin, are the markers for hepatocellular damage A few case reports describe hyperbilirubinemia and
jaundice as a clinical observation in patients with appendicitis.***° However there is a lack of studies with a
larger group of patients.

It is inconclusive evidence that an association exists between hyperbilirubinemia and acute appendicitis
and its complications.®*There are only a few case reports in the available literature that describe the finding of
hyperbilirubinemia in patients of acute appendicitis.?

I11.  Materials And Methods

Patients reported to R L Jalappa Hospital and Research centre constituent of sriDevrajUrs Medical
college, surgery department with acute abdomen, was considered for our study. The Study group included 100
patients. Maximum in the age group of 21-40 years.Clinically proven cases of acute appendicitis and perforation
was considered. All the cases were evaluated biochemically to find if any association of serum bilirubin with
clinically proven acute appendicitis.
Study design
Prospective study.
Study place
Our study was conducted in the Department of Surgery, in R.L. JALAPPA HOSPITAL TAMAKA .
Study period
December 2014 to 2016.
Source of data
Patients admitted with clinical diagnosis of acute appendicitis or appendicular perforation or recurrent
appendicitis under the Department of Surgery, in R.L. JALAPPA HOSPITAL TAMAKA during the study
period.

Sample size

A total of 100 patients with clinical diagnosis of acute appendicitis or appendicular perforationor
recurrent appendicitis were studied.
Sampling method

Sample size = 100 was estimated based on the mean bilirubin level of 1.5 +/- 0.65 in a study.
Alpha error at 1% , power at 99%
n=92 expecting 10 % of non response n = 100

Selection criteria

Inclusion criteria.

e All patients diagnosed as acute appendicitis clinically on admission.

o All patients diagnosed as appendicular perforation clinically on admission.
o  All patients diagnosed as recurrent appendicitis clinically on admission.

For these groups, only patients with histopathological report suggestive of acute appendicitis or
appendicular perforation or recurrent appendicitis were included.

Exclusion criteria.

e  All patients documented to have a past history of

o Jaundice or Liver disease.

= Chronic alcoholism (that is intake of alcohol of > 40 g/day for Men and > 20 g/day in Women for 10
years).”

o Hemolytic disease.

o Congenital or Acquired biliary disease.

e  All patients with positive HBsAg.

e  All patients with cholelithiasis.

e All patients with hepato-biliary system malignancy.
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e Procedure

e FEthical clearance has been obtained from “Ethical Clearance Committee” of the institution for the study. It
is in the form of signature from Head of Dept. Surgery and Dean of SDUMC, TAMAKA ,KOLAR. Based
on the selection criteria patients admitted with clinical diagnosis of acute appendicitis or appendicular
perforation under Department of Surgery in R.L. JALAPPA HOSPITAL TAMAKA during the study
period were screened for eligibility. The eligible patients were briefed about the nature of the study and a
written informed consent (Annexure 1) was obtained from the consented patients. Thorough history was
taken and clinical examination was done for all patients and findings were recorded on predesigned and
pretested proforma (Annexure I1)

The following tests were carried out on admission.

Routine blood investigations (Complete blood count, platelet count, reticulocyte count).
Peripheral smear to rule out hemolyticanemia.

Serum haptoglobulin if peripheral smear and blood tests indicate features of hemolyticanemia.
Serum Bilirubin (Total and Direct bilirubin).

Liver Function Tests (LFTs) which include;
SGPT (Alanine transaminase).
SGOT (Aspartate transaminase).

ALP (Alkaline phosphatase).

Seropositivity for HosAg

Urine analysis (routine and microscopy).

e 06 OO O ® e o oo

The serum bilirubin and LFTs were carried out using the Auto Analyser (cobas ¢ 111) machine
available in the hospital and HbsAg was tested by ELISA / Spot technique using HEPALISA® or
HEPACARD® kit.

Reference Range of Serum Bilirubin and Liver Enzymes®

[Test Normal Range
Serum Bilirubin

Total 0.3-1.2 mg/dl
Direct 0.4- 0.6 mg/dl
Liver Enzymes

SGOT 0 —40 U/L
SGPT 0 -35U/L
ALP B0 —290 U/L

The results were grouped as ,,Normal® or ,,Raised" (hyperbilirubinemia) as per the above reference values

Statistical analysis:

Data was entered into Microsoft excel data sheet and was analyzed using SPSS 22 version software.
Categorical data was represented in the form of Frequencies and proportions. Chi-square was used as test of
significance. Continuous data was represented as mean and standard deviation. p value <0.05 was considered as
statistically significant.

Screening of Disease:

Screening test results | Diagnosis Total
Diseased Healthy

Positive a (True postive) b (False Postive) atb

Negative ¢ (False Negative) | d (True Negative) | c+d

Total a+c b+d atb+c+d

e  Sensitivity = a/(a+c) x 100 = True positive / True positive + False Negative

e  Specificity = d/(b+d) x 100 = True Negative / True Negative + False Postive

e Positive predictive value = a/ (a+b) x 100 = True Postive / True positive + False Postive

e Negative predictive value = d/ (c+d) x 100 = True Negative / True Negative + False Negative
Diagnostic accuracy =a+d/a+b+c+d =True postive + True Negative / Total
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V. Results
Table 1: Gender distribution of subjects
Count %
Female 49 49.0%
Gender Male 51 51.0%
Total 100 100.0%

In the study majority of subjects i.e. 51% were males and 49% were females.

Gender distribution

® Female
®m Male

Figure 1: Pie diagram showing Gender distribution of subjects

Table 2: Age distribution of subjects with appendicitis
Count %
<20 years 40 40.0%
Age 21 to 40 years 50 50.0%
> 40 years 10 10.0%
Total 100 100.0%

In the study 90% of subjects were below 40 years and 10% of them were above 40 years of age.
Mean age of subjects was 25.41 + 11.14 years.

Age

10.00%

m =20 vears
B 2110 40 vears

B =40 years

Figure 2: Pie diagram showing Age distribution of subjects in the study
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Table 3: Distribution of Liver function parameters and Total Leukocyte count in subjects

Mean Standard Deviation
Total Bilirubin 1.3 0.6
Direct Bilirubin 0.5 0.3
SGOT 36.2 15.8
SGPT 32.0 12.7
ALP 164.6 97.6
TLC 10.8 4.2

Mean Total Bilirubin in subjects was 1.3 £ 0.6 mg/dl, Direct Bilirubin was 0.5 + 0.3 mg/dl, SGOT was 36.2 +

15.8, SGPT was 32 + 12.7, ALP was 164.6 + 97.6 and TLC was 10.8 + 4.2.

Mean

1.8
1.6

1.2

m Total Bilirubin

0.8

® Direct Bilirubin

0.6

0.4

0.2

Total Biliruhin

Direct Bilirubin

Figure 2: Bar diagram showing Mean Bilirubin levels
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Figure 3: Bar diagram showing Liver function parameters and Total Leukocyte count

Table:4 Mean Total Bilirubin and Direct Bilirubin in Acute appendicitis and Appendicular perforation

Acute Appendicitis Appendicular Perforation

Mean SD Mean SD
Total Bilirubin 1.2 0.5 2.2 0.3
Direct Bilirubin 0.4 0.3 0.9 0.4

The mean bilirubin levels in patients diagnosed with Acute appendicitis was 1.2 £ 0.5 mg/dl , while in
patients diagnosed with Appendicular perforation was 2.2+0.3mg/dL
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Figure 5: Bar diagram showing Mean Total Bilirubin and Direct Bilirubin in Acute appendicitis and
Appendicular perforation.

Table 5: Diagnosis in subjects at different period and methods

Count %
AA 87 87.0%
Clinical Diagnosis AP 5 5.0%
RA 8 8.0%
AA 86 86.0%
Per operative Diagnosis AP 11 11.0%
RA 3 3.0%
AA 82 82.0%
HPR AGA&P 11 11.0%
RA 7 7.0%

In the study clinically 87% were diagnosed to have acute appendicitis, 5% as appendicular perforation
and 8% as recurrent appendicitis. Per operatively 86% were diagnosed as acute appendicitis, 11% as
appendicular perforation and 3% as recurrent appendicitis. Histopathologically 82% were diagnosed as acute
appendicitis, 11% as appendicular perforation with gangrene and 7% as recurrent appendicitis.

100
90 87 86
80 -
70 A
60 - H Clinical Diagnosis
50 - ® Per operative
40 - Diagnosis
®HPR

30 -

20 -
i g
10 - 5 3
0 -
AA AP RA

Figure 6: Bar diagram showing Diagnosis in subjects at various periods
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Table 6: Bilirubin levels and Hyperbilirubinemia in subjects

Count %
e Normal 37 37.0%
Total Bilirubin Raised 63 63.0%
. e Normal 76 76.0%
Direct Bilirubin Raised o 24.0%
Hyperbilirubinemia Absent 30 30.0%
P Present 70 70.0%

In the study Total Bilirubin was raised in 63% of subjects, Direct Bilirubin levels were raised in 24% and
Hyperbilirubinemia was present in 70% of subjects based on raised total Bilirubin or raised direct Bilirubin.

80 76

70

60 -
50 -
40 - = Normal

30 A H Raised
20 -

10 ~

0 .
Total Bilirubin Direct Bilirubin

Figure 7: Bar diagram showing Bilirubin levels in subjects

Hyperbilirubinemia

80
70
60
50
40
30 -

Absent Present

Figure 8: Bar diagram showing Bilirubin levels in subjects

Table 7: Association between Hyperbilirubinemia and clinical diagnosis
Clinical Diagnosis

Acute Appendicitis| Appendicular Perforation| Recurrent Appendicitis
Count | % Count % Count %
Hyperbilirubinemia Present| 63 724% |5 100.0% 2 25.0%
Absent| 24 276% |0 0.0% 6 75.0%

X2 =10.099, df = 2, p = 0.006*
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Out of 87 subjects who were clinically diagnosed as acute appendicitis 72% had Hyperbilirubinemia, out of 5
subjects who were clinically diagnosed as Appendicular Perforation 100% had Hyperbilirubinemia and
25%with recurrent appendicitis had Hyperbilirubinemia.There was significant association between Hyper biliru
binemia and clinical diagnosis.

120.00%
100.00%
100.00%
80.00% - 75.00%
60.00% -
40.00% - B Hyperbilirubinemia
20.00% - Present
0 B Hyperbilirubinemia
0.00% - Absent
& & )
& &
© & &
W < Q
2 \‘b"g X
06& &CJQ' 'é’é\
Y’ Q@Q QOQ:
W <

Figure 9: Bar diagram showing Association between Hyperbilirubinemia and clinical diagnosis

Table 8: Association between Hyperbilirubinemia and per operative Diagnosis

Per operative Dia

nosis

Acute Appendicitis| Appendicular Perforation| Recurrent Appendicitis
Count | % Count % Count %
Hyperbilirubinemia Present| 58 67.4% |11 100.0% 1 33.3%
Absent| 28 326% |0 0.0% 2 66.7%

X2 =6.903, df = 2, p = 0.032*

Out of 86 subjects who were diagnosed as acute appendicitis per operatively 67.4% had
Hyperbilirubinemia, out of 11 subjects who were per operatively diagnosed as Appendicular Perforation 100%
had Hyperbilirubinemia and 33.3%with recurrent appendicitis had Hyperbilirubinemia. There was significant
association between Hyperbilirubinemia and per operative diagnosis.

120.00%
100.00%

100.00%
80.00% 1 &730% 66.70%
60.00% B Hyperbilirubinemia

oo 3330 Present
40.00% - e B Hyperbilirubinemia
20.00% - Absent

L00%
0.00% - T T

Acute
Appendicitis

Appendicular Recurrent
Perforation Appendicitis

Figurel0: Bar diagram showing Association between Hyper biliru binemia and pre operative diagnosis
Table 9: Association between Hyper bilirubinemia and Histopathological Diagnosis
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HPR

Acute Appendicitis| Appendicular Recurrent Appendicitis
Perforation

Count % Count % Count | %
Hyperbilirubinemi | Present | 57 69.5% |[11 100.0%| 2 28.6%
a Absent 25 305% |0 0.0% |5 71.4%

X2 = 10.44, df = 2, p = 0.005*

Out of 82 subjects who were diagnosed as acute appendicitis histopathologically 69.5% had
Hyperbilirubinemia, out of 11 subjects who were histopathologically diagnosed as Appendicular Perforation
100% had Hyperbilirubinemia and 20% with recurrent appendicitis had Hyperbilirubinemia.

There was significant association between Hyperbilirubinemia and Histopathologically diagnosis.

120 00%a
100.00%
1000094
B0.00%4%
60.00%%
40 00%g
) B Hwvperbilirubinemia
20.00% Present
000 m Hvperbilirubinemia
Absent

Figure 11: Bar diagram showing Association between Hyperbilirubinemia and clinical Histopathological
diagnosis

Table 10: Validity of Hyperbilirubinemia in diagnosis if Acute appendicitis

HPR
Acute Appendicitis Acute Appendicitis
Present Absent
Count % Count %
Hyperbilirubinemia Present 57 69.5% 13 72.2%
Absent 25 30.5% 5 27.8%
Parameter Acute Appendicitis
Sensitivity 69.51%
Specificity 27.78%
Positive Predictive Value 81.43%
Negative Predictive Value 16.67%
Diagnostic Accuracy 62%

Hyperbilirubinemia had a diagnostic accuracy of 62% in diagnosis of acute appendicitis.

Figurel2: Bar diagram showing Validity of Hyperbilirubinemia in Acute Appendicitis

Validity of Hyperbilirubenemia in Acute Appendicitis
90.00% S1.43%
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70.00% 57%%
60.00%
50.00%
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20.00% 16.67%
10.00% .
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Sensitivity Specificity Positive MNegative Diagnostic
Predictive Predictive Accuracy
Value Value
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Table 11: Validity of Hyperbilirubinemia in diagnosis of Appendicular Perforation

HPR
AGA &Appendicularf AGA &Appendicular,
Perforation Present Perforation Absent
Count % Count %

Hyperbilirubinemia Present 11 100.0% 59 66.3%

Absent 0 0.0% 30 34.7%
Parameter Appendicular Perforation
Sensitivity 100%
Specificity 33.71%
Positive Predictive Value 15.71%
Negative Predictive Value 100%
Diagnostic Accuracy 41%

Hyperbilirubinemia had a diagnostic accuracy of 41% in diagnosis of appendicular perforation. Were
as 100% sensitivity and Negative predictive value was observed.

Validity of Hyperbilirubenemia in Appendicular Perforation
120%%
100% 100%
100%
80%
60%
41%
40% 33.71%
- . = E
0% T T T T
Sensitivity Specificity Positive Negative Diagnostic
Predictive Value Predictive Value Accuracy

Figure 13: Bar diagram showing Validity of Hyperbilirubinemia in diagnosis of Appendicular Perforation

Table 12: Validity of Hyperbilirubinemia in diagnosis of Recurrent Appendicitis

[HPR

Recurrent  Appendicitis| Recurrent Appendicitis Absent

Present

Count % Count %
Hyperbilirubinemia Present 2 28.6% 68 73.11

Absent 5 71.4% 25 26.89

Parameter Recurrent appendicitis
Sensitivity 28.57%
Specificity 26.88%
Positive Predictive Value 2.85%
Negative Predictive Value 83.33%
Diagnostic Accuracy 27%

Hyperbilirubinemia had a diagnostic accuracy of 27% in diagnosis of Recurrent appendicitis.

Validity of Hyperbilirubinemia in diagnosis of Recurrent Appendicitis
Q0.00%% 333%
B80.00%%
T0.00%
60.00%
50.00%%
40.00%%
30.00% 28.57% 26.88% 27%
20.00%%
10.00%% RS9
0.00%% T T T T
Sensitivity Specificity Positive MNegative Diagnostic
Predictive Predictive Accuracy
Walue WValue

Figure 14: Bar diagram showing Validity of Hyperbilirubinemia in diagnosis of Recurrent Appendicitis
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Table 13: Area under the Curve for Diagnosis of Various types of Appendicitis

\Area Under the Curve

[Test Result Variable(s): Total Bilirubin

. . 95% A
Diagnosis IArea P value [Confidence Interval BilirubinCutoff Sensitivity [Specificity
Value
Lower Upper

IAcute Appendicitis 0.268 0.002* |0.108 0.428 1.150 0.671 0.222
IAppendicular Perforation  0.987 <0.001* |0.968 1.000 1.850 1.000 0.921
Recurrent Appendicitis 0.294 0.070 0.152 0.436 1.250 0.286 0.344

Area under the curve was highest for appendicular perforation with respect to Total Bilirubin levels.
Total Bilirubin of 1.85 cut off had 100% sensitivity and 92% specificity in diagnosis of appendicular
perforation.
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Figure 15: ROC curve showing Area under curve for Acute Appendicitis
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Figure 16: ROC curve showing Area under curve for Appendicular Perforation
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Figure 17: ROC curve showing Area under curve for Recurrent Appendicitis

V.  Discussion

Acute appendicitis appears to be the most common cause for “Acute Surgical
abdomen™2. Appendicectomy is the commonest emergency abdominal surgery, performed by a surgeon *. In
Western countries About 8% of people will experience appendicitis in their lifetime. The incidence of acute
appendicitis is maximum in the second and third decade. It is comparitively rare in infants, but becomes more
common in childhood and early adult life. The incidence of appendicitis remains equal in both males and
females before puberty. By the age of 25, which includes the teenagers and the young adults, where the male —
female ratio increases t03:2.The rate of appendicectomy is 12% for men and 25% for women, where around 7%
of all people undergo appendectomy for acute appendicitis during their lifetime. The major cause of acute
appendicitis is believed to be due to obstruction of the lumen and Faecoliths are the usual causes for obstruction,
Less common causes include hypertrophy of lymphoid tissue, tumors, intestinal parasites.>** The bacteriology
of a normal appendix is similar to normal colon. The major organism commonly seen are Escherichia Coli and
Bacteroidsfragilis, in normal appendix, in acute appendicitis, and in perforated appendicitis. However a wide
variety of both facultative and anaerobic bacteria may be associated.?

The diagnosis of acute appendicitis is mainly clinical; however, a decision to operate based solely on
clinical suspicion can lead to the removal of a normal appendix in upto 15 to 50% of cases.The premise that it is
better to remove a normal appendix than to delay diagnosis does not help in improving the condition of the
patient, particularly in the elderly, as such procedures are associated with complications in 50% cases.™* Hence,
the diagnosis of Appendicitis still remains a dilemma even after many advances in various laboratory and
radiological investigations. Thus, a new tool to help in the diagnosis of acute appendicitis would be
welcomed.Serum Bilirubin level elevation will help in the accurate diagnosis of acute appendicitis and more
importantly help in foreseeing and preventing the impending complications of acute appendicitis. This study
was taken up to assess — if it is possible to add serum bilirubin as a new laboratory marker to aid in the
diagnosis of acute appendicitis and if so, does it have a chance to help us detect early an impending
complication of acute appendicitis?

Importance of hyperbilirubinemia and its association in diagnosis of acute appendicitis has been
postulated recently.® There are very few case reports in the literature that describe the finding of
hyperbilirubinemia in patients of acute appendicitis. An association between hyperbilirubinemia and diagnosis
acute appendicitis and its complications has been hypothesized. Our study was considered to know the
relationship between hyperbilirubinemia and acute appendicitis and to evaluate it as a diagnostic marker for
acute appendicitis and also, to find if any correlation of elevated bilirubin levels have a predictive potential role
in the early diagnosis of Appendicular perforation.Our study of the 100 patients enrolled for the study, 51
patients (51%) were males while the remaining 49 patients (49%) were females. The mean age in our study
population (100 patients) was 25.41 + 11.14 years. In our study 90% of subjects were below 40 years and 10%
of them were above 40 years of age. This is consistent with the quoted incidence of Appendicitis in the literature
where it is most commonly seen in patients in their second to fourth decades of life. Total Bilirubin was elevated
in 63% of subjects, Direct Bilirubin levels were elevated in 24% and Hyperbilirubinemia was present in 70% of
subjects based on elevated total Bilirubin or raised direct Bilirubin. Estrada et al had found hyperbilirubinemia
in 59 (38%) of 157 patients studied with acute appendicitis. The mean total serum bilirubin of all 100 patients
was 1.3 = 0.6 mg/dl , which was above the normal range (< 1.2 mg/dL) considered for the study, hence
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indicating the occurrence of hyperbilirubinemia.’ The mean of Direct bilirubin was 0.5 + 0.3 mg/dl, Our finding
was consistent with hyperbilirubinemia found in a study conducted by Khan S, who found average level of
serum bilirubin in his study population to be 2.38 mg/dL.The mean SGOT was 36.2 + 15.8, SGPT was 32 +
12.7, ALP was 164.6 + 9.

In our study clinically 87% were diagnosed to have acute appendicitis, 5% as appendicular perforation
and 8% as recurrent appendicitis. Out of 87 patients who were clinically diagnosed as acute appendicitis 72%
(63 patients) had Hyperbilirubinemia, out of 5 patients who were clinically diagnosed as Appendicular
Perforation 100% had Hyperbilirubinemia and 25% (2 patients) with recurrent appendicitis had
Hyperbilirubinemia. This suggest there was significant association between Hyperbilirubinemia and clinical
diagnosis.Per operatively 86% were diagnosed as acute appendicitis, 11% as appendicular perforation and 3% as
recurrent appendicitis. Out of 86 patients who were diagnosed as acute appendicitis per operatively 67.4% had
Hyperbilirubinemia, out of 11 patients diagnosed as Appendicular Perforation were per operatively 100% had

Hyperbilirubinemia and 33.3% with recurrent appendicitis had Hyperbilirubinemia. There was
significant association between Hyperbilirubinemia and per operative diagnosis. The diagnosis was confirmed
post-operatively by histopathological reports (HPR).Based on histopathologicalreports , 82% were diagnosed as
acute appendicitis, 11% as acute gangrenous appendicitis with perforation and 7% as recurrent appendicitis. Out
of 82 patients were diagnosed as acute appendicitis histopathologically 69.5% had Hyperbilirubinemia, out of
11 patients were diagnosed as acute gangrenous appendicitis with Perforation histopathologically, 100% had
Hyperbilirubinemia and 20% with recurrent appendicitis had Hyperbilirubinemia.

There was significant association between Hyperbilirubinemia and Histopathologically diagnosis. The
total leukocyte count was found to be elevated in 52 patients (52 %) of the total 100 patients. The mean of TLC
count in all patients was 10.8 £ 4.2 . The mean bilirubin levels in patients diagnosed with Acute appendicitis
was 1.2 + 0.5 mg/dl , while in patients diagnosed with Appendicular perforation was 2.2+0.3 mg/dL . Hence, we
see that patients with Appendicular perforation had higher levels of bilirubin as compared to that of acute
appendicitis. So we found that, patients with features suggestive of appendicitis with higher values of bilirubin,
are more susceptible to Appendicular perforation than those with normal or slightly elevated total serum
bilirubin.Sand et al in his study found the mean bilirubin levels in patients with Appendicular perforation to be
The mean direct bilirubin level in patients with acute appendicitis was 0.4+ 0.3 and appendicular perforation 0.9
+ 0.4. The value in appendicular perforation is twice as seen in acute appendicitis. Hence the elevated level of
direct bilirubin has a higher prediction for appendicular perforation. The Sensitivity, Specificity, Positive
predictive value, Negative predictive value and diagnostic accuracy was calculated from a 2x2 table. Sensitivity
and Specificity of hyperbilirubinemia in predicting acute appendicitis was 69.51% and 27.78 % respectively.
Similarly Positive predictive value and Negative predicative value of bilirubin in predicting acute appendicitis
was 81.43% and 16.67 % respectively. Hyperbilirubinemia had a diagnostic accuracy of 62% in diagnosis of
acute appendicitis. In appendicular perforation ,Hyperbilirubinemia had a diagnostic accuracy of 41% in
diagnosis of appendicular perforation .Where as 100% sensitivity and Negative predictive value was observed.In
recurrent appendicitis , Hyperbilirubinemia had a diagnostic accuracy of 27 % in diagnosis of recurrent
appendicitis .where as 29% sensitivity and 83% Negative predictive value was observed.The sensitivity in our
study was more than that by Sand et al in which, he found the sensitivity and specificity in his study of
hyperbilirubinemia ~ for  predicting  Appendicular ~ perforation to be 70% and 86.0%
respectively.*’Hyperbilirubinemia was found in most of the patients diagnosed with acute appendicitis (70 %) or
Appendicular perforation (100 %). Thus Hyperbilirubinemia had a diagnostic accuracy of 62% in diagnosis of
acute appendicitis ,41 % in appendicular perforation and 27% in diagnosis of recurrent appendicitissignificantly
higher than those with a non-perforated appendicitis.*’

VI.  Conclusion

The present study suggests-

e Serum bilirubin levels comes out to be a favorable laboratory marker for diagnosing acute appendicitis,
however diagnosis of appendicitis remains static - clinical. Its level appears to be a useful marker in
diagnosis of appendicitis and would be helpful investigation in managing acute cases.

e Patients with clinical signs and symptoms of appendicitis and with hyperbilirubinemia more than the
normal range should be considered as having a higher chance of Appendicular perforation suggesting that
serum bilirubin levels have a promising predictive potential for the diagnosis of Appendicular perforation.
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