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Abstract

The vermiform appendix is considered by most to be a vestigeal organ, its importance in surgery being only
due to its propensity for imflammation that in a clinical syndrome called ‘acute appendicitis’. Recently, it
has been proposed that an elevated total bilirubin (TB) level could be used as a specific marker for the
prediction of perforated appendicitis’. The rationale for this proposal is based on the hepatic congestion
occurring during bacteria sepsis secondary to Gram negative bacteria. Our purpose of this study is to
establish the correlation of total serum bilirubin with the appendiceal perforation in acute appendicitis and
to compare the reliability of total bilirubin versus WBC count for suspected perforated appendicitis.
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Introduction

The vermiform appendix is considered by most to
be a vestigeal organ, its importance in surgery
being only due to its propensity for imflammation
that in a clinical syndrome called ‘acute
appendicitis’. Curiously and astonishingly, the
clinical entity of acute appendicitis was unknown
for some two hundred odd years. The little organ
called ‘Vermiform Appendix’, suggested by
Verhegar, as a vestigial organ as regards to its
digestive function, with its tiny and innocuous
look deceived even the stalwarts of the-then
medical fraternity.

In the early part of 19" Century Acute
appendicitis appeared as a dreaded scourge over

the Western world. The incidence of acute
appendicitis rose with a bang, due presumably to
the outburst of industrialization, urbanisation and
adapting to the habit of taking low fibre diet. It
produced a significant morbidity and mortality
rate. However, with the advent of potent
antibiotics, safer anaesthetics and better
understanding of the basic pathphysiology of the
disorder, both mortality and morbility gradually
fell down to a significant tolerable level.

Now-a-days the treatment of acute appendicitis
has been standardized and offers a high
percentage of cure but the same is not true as
regards the clinic-pathological behavior of this
malady. The matter is still unresolved even in
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these days. The picture is further obscured
regarding the diagnosis of acute appendicitis,
courtesy the varied presentations of the disorder.
The vagaries of presentation and the variability of
signs are such that even the most experienced
surgeon may remove the normal appendix or ‘sit
on’ the one that has perforated. The sequel of
delayed treatment include a higher percentage of
post-operative sepsis and a longer hospital stay.
The high percentage of negative appendicectomy
rate may have been justified by the valid fear
which delayed diagnosis and resutted in
appendicular  perforation and  subsequent
generalized peritonitis.

However, such policy if negative appendicectomy
IS not without risk as 0.5-1% of
appendicectomised patients may require surgery
for intestinal obstruction caused mostly by post-
operative adhesions. Postoperative complications
of negative laparotomy, such as wound infections,
abscess, fistula formation and incidional hernia
nay be ashigh as 15%.

Notwithstanding the advance in modern imaging
and diagnosis laboratory investigations, the
diagnosis of appendicitis remains essentially a
clinical entity; requiring a mixture of observation,
clinical acumen and surgical dictum. In this era
accustomed to early and accurate preoperative
diagnosis , acute appendicitis remains an
enigmatic challenges and a reminder of the art of
accurate surgical diagnosis . Ultrasonography and
Computed Tomography have been used to
complement the clinical diagnosis. However, the
diagnosis can only be established by
histopathological examinaition of the resected
specimen appendix.

It is a commonly held belief that if it is left
untreated, appendiceal inflammation will progress
inevitable to gangrene, and ultimately to
perforation and subsequent peritonitis. The time
course of this progression varies from patient to
patient. Although concern for perforation should
be present when evaluating a patient with more
than 24 hours of symptoms, the clinician must

remember that perforation can develop more
rapidly.

Perforated appendicitis is determined by patient’s
pre-hospital factors, such as the time period of
symptoms which comprises the period of time
from the onset of symptoms until the patient
resents for medical evaluation of surgery*? . The
incidence of perforated appendicitis in adults has
been reported from 13-37% of higher. Research
on the importance of in-hospital delay has
determined that perforation does not accur in the
hospital-phase of patients waiting surgery for
appendicitis™.

The risk of rupture is neiglible within the first 24
hours, climbing to 6% after 36 hours from the
onset of symptoms and remains steady at
approximately 5% for each ensuing 12 hours
period, establishing a 36 hours period from the
onset of symptoms to surgery as a low risk period
for appendiceal perforation®. Consequently in-
hospital delay is not an independent factor of
perforation although delays may contribute if
patients are left to wait undulu*? Perforated
appendicitis has been associated with both earl
and long-term complications, such as peritonitis,
sepsis, small bowel obstruction, urinary retention,
pelvic abscess and abdominal abscess formation
and hence it’s a accurate diagnosis and early
treatment is of paramount importance to usher in a
complication-free post-op period. Moreover, the
removal of normal appendices has its known ethic
economic, and legal implications.

Radiologic  studies, such as  computed
tomography, magnetic imaging or
ultrasonography, are highly sensitive and specific
for diagnosis and at times confirmation of
perforated appendicitis; but they are not always
available in third world institutions or in
emergency set-ups in developing countries where
we must rely more on the clinical and laboratory
tests to suspect appendicitis. As a consequence
clinical and laboratory data of typical and atypical
clinical presentations of appendicitis, laboratory
test and inflammaty makers and diagnostic scores
have been undertaken®. However, we as well as
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others believe that the diagnosis of appendicitis is
mostly clinical®.

It is well established that when microbes invade
the body, leucocytes defend it. This leads to
increase in the leukocyte count. Bacterial invasion
in the appendix leads to transmigration of bacteria
and the release of TNF-alpha, IL6, and other
cytokinins. These reach the liver via Superior
mesenteric  vein  (SMV) and  produce
inflammation, abscess or dysfunction of liver
either directly or indirectly by altering the hepatic
blood flow® .The most commonly used laboratory
tests to support the diagnosis of appendicitis are
white blood cell count (WBC) and C-reactive
protein (CRP)®°. These markers have been studies
together with other parameters in an improve and
predict the pre-operative diagnosis of perforated
appendicitis, nevertheless, only an elevated CRP,
a prolonged period of symptoms evolution, and
fever have been identified as useful markers of
perforation®.

Recently, it has been proposed that an elevated
total bilirubin (TB) level could be used as a
specific marker for the prediction of perforated
appendicitis’. The rationale for this proposal is
based on the hepatic congestion occurring during
bacteria sepsis secondary to Gram negative
bacteria, such as Escherichia, which is the main
bacteria present in patients with appendicitis®.
Consequently a low-grade hyperbiliribinaemia,
often unnoticed in septic patients not presenting
with clinically evident jaundice, is present in
patient with Gram-negative infections.

Our purpose of this study is to establish the
correlation of total serum bilirubin with the
appendiceal perforation in acute appendicitis and
to compare the reliability of total bilirubin versus
WBC count for suspected perforated appendicitis.

Materials & Methods
Aims and Objectives
1. To establish the correlation of total serum
bilirubin with the appendiceal perforation
in acute appendicitis.

2. To compare the reliability of total serum
bilirubin versus total leukocyte count for
suspected perforated appendicitis.

3. To avoid complications of acute
appendicitis  and possibilities  of
appendicular  perforation by timely
intervention of high-risk patients.

4. To assess the clinical, laboratory findings
and operative findings by correlating with
histopathological examination of resected
appendix.

Source of Data

This study was performed on 125 patients who
were clinically diagnosed of having acute
appendicitis and were posted for appendicectomy
in Post-Graduate Department of General Surgery,

Veer Surendra Sai Medical College and Hospital,

Burla, Sambalpur, Odisha, India, in collaboration

with the Department of Pathology and the Post-

Graduate Department of Radiology of the same

institution during the period from September 2016

to August 2018.

Method of Collecting Data

Sample Size: 125 cases of clinically diagnosed

Acute Appendicitis

Sampling method: Simple Random Sampling

Inclusion criteria

All patients, clinically diagnosed to have acute

appendicitis, were subjected for appendicectomy

in Veer Surendra Sai Medical College and

Hospital, Burla, Sambalpur, Odisha, India.

Exclusion criteria

1. Patients with co-morbid conditions were not
included in the study.

2. Patients who were managed conservatively
were also excluded from the study.

3. Patients admitted for interval appendicectomy
following recurrent  appendicitis or
appendicular  mass  previously treated
conservatively, were also excluded.

4. Other diagnoses (peptic perforation, acute
cholecystitis etc.) were also excluded by
history, clinical examination and
investigations.
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5. Patients were excluded if they have
documented liver disease, history of
alcoholism, haemolytic disease and other
acquired or congenital biliary diseases.

Clinical diagnosis of acute appendicitis was done
in the Post-Graduate Department of Surgery,
based on symptoms of migratory pain, nausea and
vomiting, anorexia, fever and signs of peritoneal
inflammation like right iliac fossa tenderness,
rebound tenderness and guarding. Once acute
appendicitis was suspected, each patient was
subjected to routine investigations as per the
hospital  protocol. Urine microscopy was
performed in all cases. Elderly patients were
subjected to further investigations as part of pre-
anaesthetic work up including X-ray chest, ECG
etc.

Total Serum bilirubin, Total leukocyte count and

differential count were done in all cases. WBC

count of more than 11,000 cells/mm® was
considered positive. Ultrasonography of abdomen
was done in all the cases to confirm diagnosis and
to rule out other causes of acute abdomen. Total
serum bilirubin  more than 1.1mg/dL was
considered to be positive. No special preparation
of the patient was required prior to sample
collection by approved techniques. When there
was delay, the sample was stored at 2-8°C.

Maximum period of storage was 72 hours.

Patients with strong suspicion of acute

appendicitis were advised appendicectomy. After

obtaining consent, patient was operated, and the
appendicectomy  specimen was sent for
histopathological examination. The histopath-
ology report was considered as the final diagnosis.
The histopathologically positive cases among
hyperbilirubinaemia  positive  group  were
considered true positives. The histopathologically
negative cases in the same group were considered
as false positives. The histopathologically positive
cases among hyperbilirubinaemia negative group
were  considered  false  negatives.  The
histopathologically negative cases in the same
group were considered as true negatives. Similarly
WBC and USG were also classified as true and

false positives and true and false negatives after
correlating it with histopathology reports.

The evaluation of hyperbilirubinaemia. WBC and
USG in the diagnosis of acute appendicitis and
appendicular perforation was done as follows.

Test HPE

Positive Negative
Positive a b
Negative c d

Sensitivity = (a/a+c) x 100

Specificity = (d/b+d) x 100

Predictive value of the positive test = (a/ath) x
100

Predictive value of the negative test = (d/c+d) X
100

The patients were meticulously monitored in the
post-operative period for any complications. All
patients were followed up in the outpatient
department every 2 weekly for a period of 8
weeks. During follow-up, they were enquired
about the result of the operation and examined to
detect the occurrence of late complications. The
case study was done as per a proforma detailed in
Annexure — I. The hospital ethical committee
clearance was obtained prior to undertaking the
study.

The present study was performed on 125 patients
who have been clinically diagnosed as case of
acute appendicitis and were posted for
appendicectomy in tthe Post-Graduate Department
of Surgery, VSS Medical College and Hospital,
Burla during the period from September 2016 to
August 2018. Apart from the routine
investigations, all the 125 cases were subjected
specifically to the following three investigations
i.e. TLC, USG abdomen and Total Serum
bilirubin to evaluate their role in accurately
diagnosing a case of acute appendicitis and
predicting the potential of serum bilirubin as a
marker of appendiceal perforation in acute
appendicitis. All the 100 cases were subjected to
histopathological ~ examination  which  was
considered as gold standard and the final
diagnosis.
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Various statistical methods like Descriptive and
Chi-square test were applied. The following
observations were made in the study.

Age and Gender Distribution of Acute
Appendicitis And Appendicular Perforation:
The age of the patients ranged from 4 years to
maximum of 70 years, with a mean age of 30.76
+/- 14.09 years. The maximum number of patients
with acute appendicitis presented in the age group
of 21-40 years (40%) whereas patients with
appendicular perforation presented mostly in age
group of 21-30 years (7.2%). The least number of

patients were senn in patients of age group <10
and >70 years (0.8%) both in acute appendicitis
and appendicular perforation groups.

Minimum | Maximum ean Standard
Deviation
Age 4 70 0.769 14.0935
(years)

In the present study, females were affected
slightly more in acute appendicitis than males
(M:F = 1:1.15) while males predominated in
appendicular perforation (M:F=3:1).

Table — 1: Age and Gender distribution of acute appendicitis and appendicular perforation (n =125)

Age group Acute appendicitis Appendicular Perforation

(in years) Male Female Total Male Female Total
<10 0 1 1(0.8%) 0 1 1(0.8%)
11-20 6 10 16(12.8%) 3 1 4(3.2%)
21-30 15 12 27(21.6%) 7 2 9(7.2%)
31-40 10 3 23(18.4%) 1 1 2(1.6%)
41-50 6 7 13(10.4%) 7 1 8(6.4%)
51-60 3 3 6(4.8%) 2 1 3(2.4%)
>60 0 0 0 1 0 1(0.8%)
Total 40(32%) | 46(36.8%) 21(16.8%) 7(5.6%)

Distribution of Symptoms and Signs

Among all the clinical signs, right iliac fossa
tenderness was seen in all cases (100%) rebound
tenderness in 46.4% cases and guarding/rigidity in

27.1% of cases. Other peritoneal signs like
Rovsing’s sign were elicited in 4 cases and Psoas
sign in 1 case only.

Table — 2: Distribution of symptoms and signs

Age group Acute appendicitis Appendicular Perforation

(in years) Male Female Total Male Female Total
<10 0 1 1(0.8%) 0 1 1(0.8%)
11-20 6 10 16(12.8%) 3 1 4(3.2%)
21-30 15 12 27(21.6%) 7 2 9(7.2%)
31-40 10 3 23(18.4%) 1 1 2(1.6%)
41-50 6 7 13(10.4%) 7 1 8(6.4%)
51-60 3 3 6(4.8%) 2 1 3(2.4%)
>60 0 0 0 1 0 1(0.8%)
Total 40(32%) | 46(36.8%) 21(16.8%) | 7(5.6%)

Distribution of Cases As Per Histopathological
Report

In the present study, 91.2% (114 cases) were
histopathologically found to be positive and 11
cases were negative on histopathology for various

forms of acute appendicitis. Therefore the rate of
negative appendicectomy in the present study was
only 8.8%.
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Table — 3: Distribution of cases as per histopathological report

HPE Positive

HPE Negative

114(91.2%)

11(8.8%)

Out of 114 cases histopathologically reported to be positive, the reporting was as follows:

Normal Appendix

11(8.8%)

Acute appendicitis

86(68.8%)

Perforated appendix

18(14.4%)

Gangrenous appendicitis

10(8%)

Total

114(91.2%)

In our study it was seen that the negative
appendicectomy rate was higher in the female

gender (72.7%) as against males who formed only
27.3% of total cases negative appendicectomies.

Male Female

Normal appendix

3 8

Role of Total WBC Count

Out of 114 cases of acute appendicitis, 90
(78.94%) had elevated total WBC count, rest 24
(21.06%) patients had normal WBC count. The
sensitivity of TLC was found to be 78.95%;

specificity 54.55%; Positive Predictive value
94.74% and Negative Predictive Value 20%. The
test was statically significant with the P value of
0.013

Table — 4A: Sensitivity, Specificity, Positive and Negative Predictive Value of TLC in all forms of Acute

Appendicitis (n=125)

TLC Histopathology Sensitivity = 78.95%
Acute Normal Total Specificity =54.55%
Appendicitis PPV =94.74%
Elevated 90 5 95 NPV =20%
Normal 24 6 30 Chi-Square Value =6.1679
Total 114 11 125 Degrees of freedom =1
P-value =0.013

PPV= Positive Perdictive Value; NPV= Negative Predictive Value; TLC= Total Leukycyte Count.

The Sensitivty of TLC in predicting perforation
among the acute appendicitis patient was found to
be 21.43%; specificity 23.3%; Positive Predictive

value 6.67% and Negative Predictive Value
8.33%. The test was statistically significant with a
P value of <0.0001.

Table — 4B: Sensitivity, Specificity, Positive and Negative Predictive Value of TLC in differentiating
Gangrenous / Perforated from Non-perforated Appendicitis (n=114)

TLC Histopathology Sensitivity =21.43%
Perforated/Gangrenous | Non-perforated | Total | Specificity =2.33%
Appendicitis Appendicitis PPV =6.67%
Elevated 6 84 90 NPV =8.33%
Normal 22 2 24 Chi-Square Value =73.882%
Total 28 86 114 | Degrees of freedom =1
P-value < 0.0001

PPV= Positive Predictive Value; NPV= Negative Predictive Value; TLC= Total Leukocyte Count.
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Role of Total Serum Bilirubin Levels 57.02%; specificity 81.82%; Positive Predictive
Out of 114 cases of acute appendicitis, 65 value 97.01% and Negative Predictive Value
(57.01%) had elevated total serum bilirubin, rest 15.52%. The test was statistically significant with
49 (42.99%) patients had normal bilirubin level. the P value of < 0.0136.

The sensitivity of the test was found to be

Table — 5A: Sensitivity, Specificity, Positive and Negative Predictive Value of Total Serum Bilirubin in all
forms of Acute Appendicitis (n=125)

Total Serum Histopathology Sensitivity = 57.02%

Bilirubin Acute Normal | Total Specificity =81.82%
Appendicitis PPV =97.01%

Elevated 65 3 67 NPV =15.52%

(>1.1 mg/dL) Chi-Square Value =6.0837

Normal 49 9 58 Degrees of freedom =1

Total 114 11 125 P-value =0.0136

PPV= Positive Predictive Value; NPV= Negative Predictive Value

The sensitivity of the total serum bilirubin in
predicting  perforation among the acute
appendicitis patients was found to be 89.29%;
specificity 53.49%; Positive Predictive value

38.46% and Negative Predictive Value 93.88%.
The test was statistically significant with the P
Value of <0.0001.

Table — 5B: Sensitivity, Specificity, Positive and Negative Predictive Value of Total Serum Bilirubin in
differentiating Gangrenous / Perforated from Non-perforated Appendicitis (n=114)

Total Serum Histopathology Sensitivity =89.29%

Bilirubin Perforated/Gangrenous | Non-perforated Total | Specificity =53.49%
Appendicitis Appendicitis PPV =38.46%

Elevated 25 40 65 NPV =93.88%

(>1.1 mg/dL) Chi-Square Value =15.769%

Normal 3 46 49 Degrees of freedom =1

Total 28 86 114 | P-value <0.0001

PPV= Positive Predictive Value; NPV= Negative Predictive Value

Role of Abdominal Ultrasonography

Out of 114 cases of acute appendicitis, 106
(92.98%) had USV findings suggestive of acute
appendicitis; rest 8 (7.02%) patients had normal
abdominal scan. The sensitivity, specificity,

Positive Predictive value and Negative Predictive
Values are 92.98%, 72.73%, 97.25% and 50%
respectively. The rest significant as the P value
was <0.0001.

Table — 6: Sensitivity, Specificity, Positive and Negative Predictive Value of Abdominal USG in all forms
of Acute Appendicitis (n=125)

Abdominal Histopathology Sensitivity = 92.98%
USG Acute Normal | Total | Specificity =72.73%
Appendicitis PPV =97.25%
Elevated 106 3 109 | NPV =50%
Normal 8 8 16 Chi-Square Value =38.8079
Total 114 11 125 | Degrees of freedom =1
P-value =0.0001

PPV= Positive Predictive Value; NPV= Negative Predictive Value
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Distribution of Cases According to the Level of
Total Serum Bilirubin (TSB) and Total
Leukocyte Count (TLC)

Of the 125 patients, 95 (76%) cases were found to
have elevated TLC and it was normal in 30 (24%)
cases. Among the cases that had elevated TLC, 90

(94.73%) had a positive histology for various
forms of acute appendicitis and the remaining 5
(5.27%) had normal histology. Among 30 cases
that had normal TLC, 24 had a positive histology
for various forms of acute appendicitis, while the
remaining 6 had normal histology.

Table — 7: Distribution of cases according to the level of Total Serum Bilirubin (TSB) and Total Leukocyte
Count (TLC) (n=125)

Type of Appendix Total Serum Bilirubin Total Leukocyte Count
<1.1mg/dL >1.1mg/dL <11 x 10° >11 x 10°
cells/uL cells/uL
No(%0) No(%0) No(%0) No(%0)
Acute Appendicitis 46(36.8%) 40(32%) 2(1.6%) 84(67.2%)
Gangrenous Appendix 2(1.6%) 8(6.4%) 8(6.4%) 2(1.6%)
Perforated Appendix 1(0.8%) 17(3.6%) 14(11.2%) 4(3.2%)
Normal Appendix 9(7.2%) 2(1.6%) 6(4.8%) 5(4%)
Total 58 67 30 95

Out of 125 patients, 67 (53.6%) were found to
have elevated Total Serum Bilirubin, while it was
within normal limits in 58 (46.4%) cases. Among
the cases that had elevated TSB, 65 (97.01%) had
a positive histology for various forms of acute
appendicitis, while rest 2 (2.99%) cases were
normal on histology. In cases with normal TSB,
49 had positive histology for various forms of
acute appendicitis, while 9 had normal histology.
Comparison between total serum bilirubin and
total leukocyte count as laboratory markers of
appendicular perforation

In the present study, it was observed that total
serum bilirubin was a better predictive factor for

appendiccal perforation in acute appendicitis than
total leukocyte count as the sensitivity, specificity,
Positive Predictive Value and Negative Predictive
Value of total serum bilirubin was found to be
89.29% against 21.43%; 53.49% vs 2.33%;
38.46% vs. 6.67% and 93.88% vs. 8.33% of total
leukocyte count respectively.

Table — 8: Comparison between Total Serum Bilirubin and Total Leukocyte Count as laboraoty markers of

Appendicular Perforation

Leucocyte value Sensitivity(%) | Specificity(%0) PPV(%) NPV(%)
TLC > 11 X 10° 21.43 2.33 6.67 8.33
Total Bilirubin > 1.1 mg/dL 89.29 53.49 38.46 93.88

PPV= Positive Predictive Value; NPV= Negative Predictive Value; vs.= versus

Prognosis
The overall prognosis in our study was good
without any mortality in 125 patients. However,

morbidity was mainly due to local complications
as depicted below in tubular form.
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Table — 9: Post-operative Complications

Complications Number of Patients Total

Non-perforated | Perforated/Gangrenous (n=114)

appendicitis appendicitis
(n = 86) (n=28)
Minor Wound Infection 5 10 15(13.15%)
Wound Infection 4 6 10(8.77%)
Pulmonary Complications 0 2 2(1.75%)
Prolonged lleus 1 4 5(4.38%)
Delayed Intestinal Obstruction 0 2 2(1.75%)
Total 10(8.77%) 24 (21.05%)
Commonest complication was minor wound Age and Sex

infection (13.15%), followed by wound sepsis
(8.77%) and prolonged ileus (4.38%). There was
pulmonary complication in 2 (1.75%) of cases. In
2 (1.75%) cases, there were reports of delayed
intestinal obstruction after a period of 6 months.
The complications were found to occur more in
gangrenous or perforated appendicitis (21.05%)
than in non-perforated appendicitis patients
(8.77%)

Discussion

The primary aim the present study was to establish
the role of hyperbilirubinaemia as a predictive
factor for appendiceal perforation in acute
appendicitis patients. The present study was
performed in the Post-Graduate Department of
General Surgery, VSS Medical College and
Hospital, Burla during the period from July 2010
to May 2012, on 125 patients who have been

Out of 125 patients, 40 (32%) were males and 46
(36.8%) were females who were diagnosed to
have non-perforated acute appendicitis, showing a
slightly more incidence of uncomplicated acute
appendicitis in females. But appendicular
perforation was seen in 21 (16.8%) males and 7
(5.6%) female patients, clearly demonstrating the
male predominance. Acute appendicitis has been
found most frequently in the age group of 21-40
years and the rate of appendicular perforation
reaches its peak in the group 21-30 years and 41-
50 years in this study.

Clinical diagnosis was found to be correct in
91.2% of cases and hence the rate of negative
laparotomies for acute appendicitis in our study is
merely 8.8%. According to literature, accuracy of
clinical examination ranges from 75 to 97%.
Depending upon the experience of the surgeon,
the reported with other studies are as follows.

clinically diagnosed of acute appendicitis. The
diagnosis was confirmed by operative and
histopathological examination of the resected

appendix.
Table — 10: Comparison of accuracy of clinical diagnosis in acute appendicitis other studies
Study HPE HPE Negative
Group Positive Negative appendectomy
Gurleyik et al 108 90(83.3%) 18(16.7%) 16.7%
Shakhatreh HS et al 98 89(91%) 9(9%) 9(9%)
Afsar S et al 78 63(80%) 12(20%) 20%
Oosterhius et al 125 101(80.8%) 24(19.2%) 19.2%
Khan MN et al 259 222(85.7%) 37(14.3%) 14.3%
Svend Dueholm et al 100 59 41 41%
Present study 125 114(91.2%) 11(8.8%) 8.8%

Out of 11 patients who were HPE negative, 8
(72.7%) were females and 3 (27.3%) were males.

This observation is supported in study by
Gronrous and Gronrous®. In their study group
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(100), 62% female and 38% male patients had
negative  appendicectomies. The diagnosis
accuracy of acute appendicitis in women of child
bearing are group was low because of many
conditions mimicking appendicitis. Among the
114 patients reported to be positive on HPE
examination, 86 (68.8%) cases were reported to
have inflamed appendix, rest 28 (22.4%) cases
were reported to have complication of acute

appendicitis (i.e. 10 gangrenous appendicitis and
18 perforated appendicitis).

WBC Count and Acute Appendicitis
The sensitivity, specificity, predictive value of
positive test and predictive value of negative test
of WBC in our study is 78.75%, 80%, 94% and
48.48% respectively. Our results are in accordance
with other studies as shown in the table.

Table 11: Comparison or role of WBC count in diagnosis of uncomplicated acute appendicitis with other

studies
Sensitivity(%) Specificity(%) PPV (%) NPV (%)
Dueholm et al 83 88
MN khan et al 83 62.1 92
Marchand et al 81-84
Hoffman et al 81-84
Doraiswamy et al 42
Pieper et al 66.7
Andrew Emanuel et al 82 60 90 42
Present Study 78.95 54.55 94.74 20

PPV = Positive Predictive Value; NPV= Negative Predictive Value

Marchand et al”" concluded in their study that

WBC>10.5x10%/L was one of the single best tests
for diagnosis of acute appendicitis with highest
sensitivities amongst all the tests examined (81-
84%).

According to study done by JM Gronroos et a
WBC was the test of choice in diagnosing
uncomplicated acute appendicitis, however it is a
poor predictor of protracted inflammation. This is
supported in study by David and Birchley et al59.
The WBC count when done individually
distinguishes normal appendix from
uncomplicated acute appendicitis, but does not
distinguish  uncomplicated from complicated
appendicitis. Coleman C et al62 reported that

58,

Table 12: Comparison of

role of WBC count and total

WBC is a poor predictor of severity of disease.
Vermeulen et al64 after evaluating 221 patients
concluded that WBC could did not significantly
influence the surgical decision making.

In our study association of WBC count and acute
appendicitis has shown to be significant with P
value of 0.013.

Role of WBC Count and total Serum Bilirubin
in Perforated/Gangrenous Appendicitis:

The sensitivity, specificity, predictive value of
positive test and predictive value of negative test
of WBC in our study is 78.75%, 80%, 94% and
48.48% respectively. Our results are compared
with other studies as shown in the table.

serum bilirubin in diagnosis of

Gangrenous/Perforated appendicitis with other studies

Sensitivity(%) Specificity(%) PPV (%) NPV (%)

K. Atahan et al WBC 82.22 4477 21.89 94.48

Bilirubin 77.77 87.21 45.16 96.66
Salamat khan WBC 77 50 97.8 7.4

Bilirubin 80 100 100 14
Marcelo et al WBC 61 36

Bilirubin 57 51
Andrew Emanuel WBC 93 19 13 96
etal Bilirubin 60 70 21 92
Present Study WBC 21.43 2.33 6.67 8.33

Bilirubin 89.29 53.49 38.46 93.88

PPV = Positive Predictive Value; NPV= Negative Predictive Value
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In our study, the sensitivity, specificity, predictive
value of positive test and predictive value of
negative test of total serum bilirubin in
differentiating gangrenous or perforated from
uncomplicated appendicitis is 89.29%, 53.49%,
38.46% and 93.88% respectively. Our results are
in accordance with other studies as shown in the
table.

K Atahan et al®® in their retrospective study
conducted over 351 patients between January
2006 and December 2009 concluded that WBC
and total bilirubin values were differential in the
diagnosis of acute appendicitis and acute
gangrenous or perforated appendicitis. The
specificity of acute high bilirubin levels for
perforated appendicitis was 87.21%, whereas the
specificity of WBC was 44.77%. The AUC for
total bilirubin of >0.8 and for WBC counts of
>0.70 demonstrated that total bilirubin is a good
discriminator and more valuable than WBC count
for discriminating between perforated appendicitis
and acute appendicitis or lymphoid hyperplasia.
Salamat Khan®" in his prospective study of 122
patients between December 2004 and January
2008 opined that elevated total serum bilirubin is a
better laboratory test (with 100% specificity, 80%
sensitivity and 81.14% overall diagnostic
accuracy) than TLC (with 50% specificity, 77%
sensitivity and 76.22% overall diagnostic
accuracy) in the diagnosis of appendicular
perforation in acute appendicitis.

Marcelo A. Et al®® conducted a prospective study
over 134 patients from October 2007 to
September 2008. They concluded that WBC is
more important in supporting the clinical
diagnosis of appendicitis (perforated or non-
perforated). But because it has a low sensitivity
and specificity, it has little value in the diagnosis
of perforated appendicitis. However, their study
was contrasting to others in that they cannot
recommend hyperbiliribunaemia as a predictor of
perforation in acute appendicitis since other
serologic tests (CRP), and clinical variables
(SIRS, time period of symptoms evolution)
performed better than TB in the ROC curve

analysis, and have a better sensitivity to predict
perforation in patients with appendicitis.

Andrew Emmanuel et al® in their retrospective
study of 472 patients demonstrated that
hyperbilirubinaemia had a specificity of 88% and
a positive predictive value of 91% for acute
appendicitis. Patients with appendicitis who had a
perforated or gangrenous appendix had higher
mean Dbilirubin levels (p=0.01) and were more
likely to have hyperbilirubinaemia (p<0.001). The
specificity of hyperbilirubinaemia for perforation
or gangrene was 70%. The specifications of white
cell count and C-reactive protein were less than
hyperbilirubinaemia for simple appendicitis (60%
and 72%) as well as perforated or gangrenous
appendicitis (19% and 36%). Hence serum
bilirubin is a better marker of appendicular
perforation than CRP and WBC.

The present study is supported by other studies
like Andrew Emmanuel et al, K Atahan et al,
Salamat Khan etc. in that Total Serum Bilirubin
(sensitivity 89.29%; specificity 53.49%; PPV
38.46% and NPV 93.88%) is a better marker for
predicting perforation in acute appendicitis than
total WBC count (sensitivity 21.43%; specificity
2.33%; PPV 6.67% and NPV 8.33%). Hence,
serum bilirubin should be included in the
assessment  of  patients  with  suspected
appendicitis.

USG Abdomen and Acute Appendicitis

The sensitivity, specificity, predictive value of
positive test and predictive value of negative test
in our study is 92.98%, 72.73%, 97.25% and 50%
respectively.  Comparison of the overall
performance of USG as an investigation of acute
appendicitis is compared to the data reported in
literature in the following table.
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Table 13: Comparison of role of USG abdomen in diagnosis of acute appendicitis with other studies

Sensitivity | Specificity PPV NPV
(%) (%) (%) (%)
A.Shirazi et al 93.7 94.5 94.4 925
Dr david et al 85.5 84.4 88.3 80.1
H.s. Fung et al 75.9 89.7 73.2 91
West et al 29 92 83
Present study 92.98 72,73 97.25 50

PPV = Positive Predictive Value; NPV= Negative Predictive Value

Most of the above mentioned studies support the
fact that USG abdomen and pelvis is an accurate,
safe and reliable method in the diagnosis of
suspected cases of acute appendicitis than can
help to minimize negative appendicectomies and
perforation rate.

The study by Zoller WG et al'® states that
negative laparotomies could be decreased by 7%
and possible differential diagnosis could be either
confirmed or ruled out by using ultrasound. It is
especially useful in woman because the list for
differential diagnostic for appendicitis is expanded
due to many acute gynaecological conditions
mimicking acute appendicitis. Bendek et al. found
that women in particularly are benefited most
from of preoperative imaging, with significant
reduction in negative appendicectomy rate than in
those who undergo no preoperative investigation.
David et al®*® in his study stated that USG
abdomen and pelvis is safe, and useful
investigation, but in his study 24% patients with
normal USG had acute appendicitis; therefore they
stated than USG abdomen cannot be relied upon
to exclude appendicitis.

Our study showed high association between USG
as a diagnostic tool for acute appendicitis.
Hyperbilirubinaemia has been inadequately
investigated as a potential laboratory indicator for
the preoperative diagnosis of perforated
appendicitis. Both increased bilirubin production
and alternations in bilirubin clearance can lead to
bilirubin accumulation and may be involved in the
hyperbilirubinaemia observed in patients with
appendix perforation®®.

The hepatocellular dysfunction/damage in sepsis
may be either due to bacteria, its toxin or
cytokines. The agent reaches from infamed gut via

portal vein or lymphatic with the process of
transmigration or translocation.

It has frequently been demonstrated that several
bacterial infections ~ accompany  hepatic
dysfunction, to the extent that anomalies in bile
flow and bile acid production arise as a result.
This may lead, in turn, to hyperbilirubinaemia,
which is a well-known adverse event associated
with bacterial infection, particularly in patients
with sepsis. These patients together with those
who have extrahepatic bacterial infections
demonstrate cholestasis, induced by nitric oxide
(NO) and a proinflammatory cytokine via
detrimental hepatocellular and ductal bile
formation®®.

In addition, the most common bacterial species
cultured from the appendix walls of patients with
acute appendicitis are E. Coli and Bacteroides
fragilis, two species that inhabit microcirculation
and cause sinusoidal damage.
Lipopolysaccharides (LPS) associated with E.
Coli can affect hepatocyte uptake and bile acid
secretion. In addition E. Coli infection leads to
regular haemolysis of erythrocytes. Increased
bilirubin load and, perhaps, the development of
hyperbilirubinaemia may be a consequence of this
mechanism®®,

It has also been noted that hepatocellular function
is depressed during early stage of sepsis despite
the increased cardiac output and hepatic blood
flow and decrease peripheral resistance. The
depression of hepatocellular function in early
hyperdynamic stage of sepsis does not appear to
be due to reduction in hepatic perfusion but is
associated with elevated levels of circulating pro-
inflammatory cytokines such as TNF and
interleukin-6. Thus up-regulation of TNF-alpha
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and/or IL-6 may be responsible for producing
hepatocellular ~ dysfunction  during  early
hyperdynamic stage of sepsis.

The present findings can be applied practical
situations in that a patient with a suspected acute
appendicitis, who is a male, has a WBC count
>11x10° cells/uL and also hyperbilirubinaemia >
1.1 mg/dL should be considered as a potential
case of perforated appendicitis

The present study was performed on 125 patients
who have been clinically diagnosed as cases of
acute appendicitis and were posted for
appendicectomy in the Post-Graduate Department
of General Surgery, VSS Medical College &
Hospital, Burla during the period from September
2016 to August 2018.

The primary aim of the present study was to
establish the role of hyperbilirubinaemia as a
predictive factor for appendiceal perforation in
acute appendicitis patients. All the patients were
subjected to histopathological examination of the
removed appendix which was taken to be the gold
standard of retrospective diagnosis.

Out of 125 patients, females were affected slightly
more in acute appendicitis than males (M:F =
1:1.15) while males predominated in appendicular
perforation (M:F = 3:1). Appendicitis was more
common in the age group of 21-40 years (40%)
where as patients with appendicular perforation
presented mostly in the age group of 21-30 years
(7.2%)

Clinical diagnosis was found to be accurate in
91.2% of cases and hence the rate of negative
laparotomies for acute appendicitis in our study
was only 8.8%. Out of 11 patients who were
histopathological negative, 8 (72.7%) were
females and 3 (27.3%) were males indicating that
negative appendectomies were more in females.
Among 114 patients reported to be positive on
histopathological examination, 86 (68.8%) cases
were reported to have features of acute
appendicitis, rest 28 (22.4%) cases were having
complications of appendicitis (i.e. 10 cases of
gangrenous appendicitis and 18 cases of
perforated appendicitis.)

The sensitivity, specificity, predictive value of
positive test and predictive value of negative test
of WBC in uncomplicated acute appendicitis in
our study was 78.95%, 54.55%, 94.74% and 20%
respectively. In our study, association of WBC
count and acute appendicitis had shown to be
statistically significant. But it cannot replace
surgeons’  clinical acumen. However, the
association of WBC count in gangrenous or
perforated appendicitis was very low as the
sensitivity, specificity, positive predictive value
and negative predictive value were 21.43%,
2.33%, 6.67% and 8.33% respectively.

The sensitivity, specificity, predictive value of
positive, predictive value of negative test of total
serum bilirubin in uncomplicated appendicitis in
our study was 57.02%, 81.82%, 97.01% and
15.52% respectively. But the sensitivity,
specificity, predictive value of positive, predictive
value of negative test of bilirubin in gangrenous or
perforated appendicitis in our study was 89.29%,
53.49%, 38.46% and 93.88% respectively. Thus
raised serum bilirubin value had significant
association  in  both  complicated and
uncomplicated appendicitis.

Hence, from the above discussion it could be
impiled that serum bilirubin was a better predictor
of perforation in acute appendicitis. However, it
lagged behind total WBC count in diagnosisng
uncomplicated appendicitis.

The sensitivity, specificity, predictive value of
positive test and predictive value of negative test
of USG abdomen and abdomen in my study was
92.98%, 72.72%, 97.25% and 50%. USG
abdomen and pelvis was an accurate, safe and
reliable method in the diagnosis of suspected
cases of acute appendicitis. Women particularly
benefieted most from preoperative imaging, with
significant reduction in negative appendicectomy
rate than in those who underwent no preoperative
investigation. Ultrasonography was useful in
ruling out alternate diagnosis, and required the
skill of an experienced sonologist and adequate
equipment. It added to the cost of patient care.
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The overall prognosis after appendectomy was
good with the exception of few local
complications like minor wound infection
(13.15%), wound sepsis (8.77%), prolonged ileus
(4.38%), pulmonary complications and delayed
intestinal obstruction (1.75% each). However,
there was no mortality in the study group.

Acute appendicitis remains a diagnosed based
primarily on history and clinical examination.
Clinical examination is indispensable in
diagnosing acute appendicitis and all the above
investigations can only complement clinical skills
but cannot replace it.

The present study clearly demonstrated the high
specificity and sensitivity which may be used as a
marker for early diagnosis of appendicular
perforation and its immediate management to
prevent all sorts of possible complications of
perforation including its fatalities in both the
extremes of age.
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