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Abstract

Background: Acute Appendicitis is one of the most common Paediatric
surgical emergency encountered in day to day surgical practice and in
emergency. The following are methods for diagnosis of acute appendicitis -
clinical, laboratory investigations and radiologically. In spite of advances in
available methods results of negative appendicectomy still there. The delay in
diagnosis usually leads on to various complications that cause increase in both
morbidity and mortality of the childrens. Objectives: To find out the
specificity, sensitivity, predictive value of positive test and predictive value of
negative test of CRP, Serum Bilirubin, Total leukocyte count, and Neutrophil
count in diagnosis of acute appendicitis.To correlate HPE report with the
blood investigations reports(CRP, Total serum bilirubin, Total leukocyte
count, and neutrophil count). To establish the effect of combining all the
investigation in same patients. To interpret the efficacy to improve the
diagnosis and decision making of  Acute appendicitis and hence reduce
negative appendicectomies with the help of these Investigations. Materials
and Methods: In this study 100 patients with clinical features suggestive of
acute appendicitis were included. Investigations Serum C Reactive Protein,
Serum Bilirubin, Total Leukocyte Count and Neutrophil count is used for
aiding the diagnosis and their post-operative Histo Pathological features were
evaluated.Sesitivity, Specificity, Positive and Negative predictive value of
individual tests and combining all the investigations in comparison with post-
operative histopathological examination of appendicectomy is analysed which
was taken as the gold standard. Result: Among the 100 patients in the present
study, CRP has the highest sensitivity and specificity (91.8%, 86.7%) followed
by Serum Bilirubin (84.7%, 80%), Total Leukocyte Count (81.2%, 80%) and
Neutrophil Count (81.2%, 86.7%). Combining all the four investigations
increases the sensitivity and specificity of the tests (98.8%, 86.7%).
Conclusion: CRP and Serum Bilirubin contains the important diagnostic
information, so it always included in the diagnostic work up of acute
appendicitis both complicated and uncomplicated. Sensitivity of TC and
Neutrophil Count low individually. Combining all four investigations raises
the sensitivity and specificity. If all four tests are negative acute appendicitis is
very unlikely and surgery can be safely avoided in these patients thereby
reducing the negative appendicectomy rates.

INTRODUCTION

Acute abdominal pain with referral diagnosis of
acute appendicitis is one of the most common
paediatric surgical emergency presenting to the
emergency department.!l The diagnosis of Acute
appendicitis is made by clinical methods which

correlated with the laboratory investigations and
radiological imaging. Radiological imaging Like CT
abdomen is the most sensitive investigation.
Laboratory investigations like CRP, Serum
Bilirubin, Total count and Neutrophil count along
with the clinical examination are sensitive on par
with the radiological imaging to avoid negative
appendicectomies.[? Diagnosis of acute appendicitis
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is still a mystery. There is increase in the negative

appendicectomy rate of about 15 - 30 % seen in

literature.®!

Objectives:

1. To find out the specificity, sensitivity, predictive
value of positive test and predictive value of
negative test of CRP, Serum Bilirubin, Total
leukocyte count, and Neutrophil  count in
diagnosis of acute appendicitis.

2. To correlate HPE report with the blood
investigations reports (CRP, Total serum
bilirubin, Total leukocyte count, and
neutrophil count)

3. To establish the effect of combining all the
investigation in same patients.

4. To interpret the efficacy to improve the
diagnosis and decision making of acute
appendicitis and hence reduce negative
appendicectomies with the help of these
Investigations.

MATERIALSANDMETHODS

Source of Data
This study was conducted in 100 patients as
prospective analytical study. These 100 patients are
clinically diagnosed to have acute appendicitis, and
who were underwent emergency appendicectomy.
This study conducted in Govt.Vellore Medical
college Hospital,Vellore, Department of Paediatric
surgery, during the period from October 2021 to
January 2024.
Inclusion Criteria
All the patients below 18 years of age diagnosed to
have appendicitis included in this study and
subjected for appendicectomy in Govt.Vellore
Medical College, Vellore. All the patients
underwent investigations CRP, Serum Bilirubin,
Total Leukocyte count, Neutrophil count and post
appendicectomy Histopathological examination.
Exclusion Criteria
1. Patients with co morbid conditions
2. Patients who were in conservative management.
3. Patients admitted for interval appendicectomy
4. Associated conditions where CRP, Serum
Bilirubin, TC and Neutrophil count was
elevated.
CRP more than 6mg/dl considered high, more than
11mg/dl considered very high. Serum Bilirubin of
more than 1.4mg/dl considered high and more than
1.8mg/dl considered very high. Total WBC count of
more than 10000 cells / cumm considered positive.
Neutrophil count of more than 75% considered
positive.
After getting informed consent patient subjected to
Emergency Appendicectomy. Specimen subjected to
histopathological examination.
Histopathologically positive cases among CRP
positive cases considered to be True Positive.
Histopathologically negative cases in same group
considered false positives.

HPE positive cases among CRP negative considered
False Negative. HPE negative cases considered True
Negative. Similarly, Serum Bilirubin, Total WBC
count and Neutrophil Count Individuals classified as
True positives, False Positives, True negatives and
False Negative.

Sensitivity = TP X 100/ TP + FN

Specificity= TN X 100/TN + FP

Predictive Value of Positive Test = TP X 100/ TP +
FP

Predictive Value of Negative Test = TN X 100/ TN
+ FN.

RESULTS

In 100 patients were included in this study and
underwent Emergency Appendicectomy.

Age distribution:

The maximum incidence of appendicitis seen
between 10 to 15 years of age.

Sex Distribution:

In our study the number of male children’s is 60,
and female children’s are 40 in number.

In present study out of 100 patients 85 patients has
HPE positive, among 85 positive individuals CRP
was elevated in 78 patients that is 91.8%.7 patients
had normal CRP value ( X2 Mc nemor =10.9, P =<
0.001 ) significant association in diagnosis of acute
appendicitis. [Table 1, Figure 1]

In this study among 14 complicated patients, 12
patients had very high raise in CRP value 71%,
whereas only 2 patients had very high CRP value in
uncomplicated appendicitis. [Figure 2]

In present study CRP shows specificity of 86.7%,
predictive value of positive test 97.5%, and
predictive value of negative test 65%. [Figure 3]

In present study out of 100 patient’s 85 patients has
HPE positive, among 85 positive individuals serum
bilirubin was raised in 72 patients that is 84.7%. 13
patients had normal serum bilirubin value (x2 Mc
nemor = 8.9, P = < 0.01) significant association in
diagnosis of acute appendicitis. [Table 2]

In this study among 14 complicated patients, 13
patients had very high raise in serum bilirubin value
92%, whereas only 1 patient had very high serum
bilirubin value in uncomplicated appendicitis.

In present study serum bilirubin shows specificity of
80%, predictive value of positive test 96%, Negative
predictive value 48%. [Figure 4]

In present study out of 100 patients 85 patients has
HPE positive, among 85 positive individuals TC
was raised in 69 patients that is 81.2%. 16 patients
had normal Total count. (x2 Mc nemor = 6.3,
P = <0.01 ) significant association in diagnosis of
acute appendicitis. [Table 3]

In present study total count shows specificity of
80%, predictive value of positive test 95%,
predictive value of negative test 42%. As such in
isolated TLC has low specificity, variety of causes
increase the total count. [Figure 5]
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In present study out of 100 patients 85 patients has
HPE positive, among 85 positive individuals
Neutrophil count was raised in 69 patients that is
81.2%. 16 patients had normal Total count. (x2 Mc
nemor = 6.3, P = <0.01 ) significant association in
diagnosis of acute appendicitis. [Table 4]
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In present study Neutrophil count shows specificity
of 86.7%, predictive value of positive test 97.2%,
and predictive value of negative test 44.8%. As such
in isolated Neutrophil count has low specificity, like
total leukocyte count. [Figure 6]

In present study among 100 individuals, if all the
four investigations positive , HPE positive goes up

to 84 individuals out of 85 that is sensitivity of
98.8%. [Table 5, Figure 7]

The specificity of combining all four investigations
is 87.7%, predictive value of positive test is 97.7%,
and predictive value of negative test is 92.9%. (x2
Mc nemor = 7.3, P =<0.01). [Figure 8].

Table 1: Role of Serum C Reactive Protein

CRP HPE Total
Positive Negative

Positive 78TP 2FP 80

Negative 7FN 13TN 20

Total 85 15 100

Table 2: Role of Serum Bilirubin

Serum HPE Total

Bilirubin Positive Negative

Positive 72TP 3FP 75

Negative 13FN 12TN 25

Total 85 15 100

Table 3: Role of Total WBC Count

Total HPE Total

Count Positive Negative

Positive 69TP 3FP 72

Negative 16FN 12TN 28

Total 85 15 100

Table 4: Role of Neutrophil Count

Neutrophil HPE Total

Count Positive Negative

Positive 69TP 2FP 71

Negative 16FN 13TN 29

Total 85 15 100

Table 5: Role of Combining All CRP, Serum Bilirubin, Total Count and Neutrophil Count

All HPE Total
Positive Negative

Positive 84TP 2FP 86

Negative 1FN 13TN 14

Total 85 15 100

DISCUSSION were negative, and acute appendicitis is excluded

Kumar RV et al,l@ 2011 conducted the study on
diagnostic value of CRP in patient suspected to
have appendicitis, found that there is increased
sensitivity and specificity of CRP. Threshold for
CRP raised if it increases more than 2.4mg/dl.
EminGurleyik et al,®) 1995 conducted study on
diagnostic accuracy of CRP in the patients suspected
to have acute appendicitis, they found that elevated
serum CRP levels aids surgeons clinical diagnosis,
and they recommended routine screening of CRP in
suspected appendicitis patients.

Hyoung — Min Moon et al,[®1 2011 conducted study
on elevation of CRP levels >7mg/dl, associated with
complicated appendicitis, this study proves that if
elevation is there immediate and proper
management should be advocated to reduce the
disease progression and complications.

Gronroos and gronroos et al,[” 1999 showed in them
study acute appendicitis is unlikely if all the tests

with a 100% predictive value.

Ng and Lai,’®12002 found that if CRP, Total count
and Neutrophil count is elevated , it is satisfactory to
use these investigations in diagnosing acute
appendicitis, shows specificity and positive
predictive value.

Yang et al,[12005 showed that if patient found to
have all the investigations negative the diagnosis of
acute appendicitis highly unlikely, and should be
further evaluated with extra caution before
proceeding in to surgery.

Norback and Harju et al,[*% found that diagnostic
efficacy of CRP, in means of sensitivity and
specificity 84.4% and 48.5%. They found that CRP
is most sensitive investigation which is a diagnostic
marker of acute inflammatory conditions.

Ko et al,[*Ylobserved in there study that sensitivity
and specificity of CRP around 95 and 51%. Also
observed that sensitivity and specificity of Total
WBC count 85.2% and 65%.
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Khan et al,*22004 observed among 110 individuals,
the serum bilirubin value was increased in acute
appendicitis, it is more specifically elevated in
complicated appendicitis. Specificity of this study in
complicated appendicitis is 80.6%, in uncomplicated
acute appendicitis 56.36%.

Amalesh et al,[*®l in 2004 conducted a study on 192
patients. He observed that CRP was normal in 14
out of 33 negative HPE. The specificity and
sensitivity of serum CRP was 42% and 91%. The
PPV (raised CRP) was 88% and negative (normal
CRP) NPV test is 48%.They concludes, neither
raised nor normal CRP value is helpful in the
diagnosis of acute appendicitis.

Schellekens DH et al, 2013 conducted study on
233 patients. They observed CRP and WBC were
significantly higher in patients with Acute
Appendicitis. But both the tests not concluded the
cutoff points to differentiate acute appendicitis and
other pathology. They only helpful in diagnosing the
suspected acute appendicitis, to avoid negative
appendicectomies.

Panagiotopoulou 1G et al,l'®! in 2013 conducted
retrospective study on 1,169 appendicectomies
performed. They found that in perforated
appendicitis, the median CRP level was significantly
higher than that of Acute Appendicitis.

CRP showed the highest sensitivity 100% and
negative predictive value of 100% for Complicated
that is Perforated/Gangrenous appendicitis. They
conclude that CRP has highest diagnostic accuracy
in complicated appendicitis. This was further
increased by combining Total leukocyte count.
Stefanutti G et al,[*6! in 2007 did a study on 100
childrens. Sensitivity of elevated Total leukocyte
count is 60%. Sensitivity of elevated CRP alone was
86%. Sensitivity of combining both tests goes up to
98%. Sensitivity of combining both tests are
extremely high. Normal values of both Total
leukocyte count and CRP are very less in
pathologically confirmed appendicitis.

Eryilmaz R et al,l"l in 2001 did a study in 126
patients.They noticed that the mean CRP level was
significantly higher in complicated appendicitis than
with  those presents with  non-complicated
appendicitis. The mean leucocyte count was
significantly lower in patient with negative
appendectomy. They noticed that sensitivity
increased significantly if both CRP and TLC
combined.

Oosterhuis et al,[*® (1993) showed that serial CRP
measurements helps to improve the diagnostic
accuracy in patients with acute appendicitis. They
observed that CRP and TLC both combined increase
the diagnostic accuracy in patients with acute
appendicitis.

Wu and  coworkers,*® 2005,  conducted
retrospective study. They observed that combining
CRP, Serum Bilirubin, TLC, and neutrophil count
increases the sensitivity and PPV.

Marchand et al,?study shows that diagnostic
efficacy of leukocyte count, sensitivity of about
81%.

Agarwal et al,?1 2014 study showed that diagnostic
efficacy of both CRP & TC, showing the sensitivity
of 74.8% for CRP, 74.7% for TC, specificity of
66.7% for CRP, 54.7% for TC.

Sengupta et al,?? in 2009 co study showed that ,
on 98( 75 females and 23 males) patients , for CRP
sensitivity 65%, specificity 68% , positive predictive
value (PPV) 34%, negative predictive value (NPV)
88%. For WBC alone 85,72,44,95 and if both
combined 50,90,56 88

CONCLUSION

In the present study CRP estimation yielded a
sensitivity of 91.8%, specificity of 86.7%, positive
predictive value of 97.5%, and negative predictive
value of 65%, in the diagnosis of acute appendicitis.
In this study serum bilirubin estimation yielded a
sensitivity of 84.7%, specificity of 80%, positive
predictive value of 96%, and negative predictive
value of 48%.

The predictive value of negative test in our study is
100%, if all four tests were negative, the diagnosis
of acute appendicitis can be excluded. In this group
of patient’s inspite of going for surgery, more
conservative approach is needed. Deferring the
surgery is considered in this group.

Therefore unnecessary appendicectomy in 15
patients, in whom the tests were true negative, could
have been avoided, and thereby decreasing the
morbidity to the patient.

Combining the all four tests increases the
sensitivity, Specificity, and predictive value of
positive test. The significance of combining the tests
and their role in diagnosing acute appendicitis is
found to be very high. These tests freely available in
all the laboratories and even smaller set up of
hospitals and also available for all the time.

Even with all available investigations Acute
Appendicitis remains a diagnosis based on History
and clinical examination. Clinical examination is
indispensable in the diagnosis of acute appendicitis,
all the investigations complement clinical skills and
not replace it.
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