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Abstract
Background: Acute appendicitis (AA) is one of the most common surgical
emergencies. Apart from increased utilization of imaging diagnostic facilities and
laboratory test. Thus, Alvarado score WBC cell count and serum CRP was carried
to study AA in different age groups. Materials and Methods: 207 patients of
different age group were categorised in 3 different groups based on Alvarado
score Group-I score between 7-10, group-II 4-6, group-Less than 3, CRP
estimation and complete blood count (CBC) was done and PPV, NPV was studied
for confirmation of AA. Result: 131 patients were in category I and 107 (51.1)
were confirmed as AA, 86 was PPV of elevated CRP 35 was NPV of normal CRP,
69 patients were in category II and 35 (16.9%) were confirmed as AA, 62 was
PPV of elevated CRP and 70 was NPV of normal CRP, 7 patients were in
category, III of Alvarado score 2 (0.96%) were confirmed as AA, 32 was PPV of
elevated CRP, 84 was NPV of normal CRP. In group-I – 70 (33.8%) had Normal
WBC count, group-II 170 (51.6%) had high WBC count (10-15x109x1) and
group-III 30 (14.4%) had very high WBC count (>15x109x1) and combined
inflammatory variables of WBC and CRP had 100% sensitivity and 89.5%
specificity. Conclusion: This pragmatic study will be helpful for confirmation of
AA in different age group and to prevent morbidity and mortality in complicated
AA patients.

INTRODUCTION
The morbidity and mortality rates associated with
appendicitis are greatly increased when perforation
ensues; wound infection rates increases 15 fold times
greater. Ruptured retro-cecal appendicitis can present
as extremely fulminant form of common disease such
as extensive retroperitoneal and right thigh
abscess.[1,2]
Early diagnosis is often based on history and clinical
examination and sometimes laboratory tests. This
approach usually results in unacceptably high
negative appendectomy rate as many conditions of
the gastro-intestinal tract mimic acute appendicitis.
This may pose a serious diagnostic dilemma which
can result in delayed intervention and consequently
lead to increased incidence of complications.[3] The
Alvarado score is the most well studied and best
performing in validation studies. Elevated white
blood count (WBC) count with its differential count
or neutrophil, lymphocyte ratio has been shown to be
helpful in the diagnosis of AA and more recently
introduced laboratory biomarker is c-reactive

protein.[4,5] There is paucity of literature on the use of
Alvarado score WBC, and CRP in aiding diagnostic
efficacy of AA hence attempt is made to correlate
Alvarado score with WBC count, and CRP
biomarker.

MATERIALS AND METHODS
207 (Two hundred seven) patients of different age
group regularly visiting to Paediatrics and Surgery
departments of Saheed Laxman Nayak medical
college and Hospital, Koraput-764020 odisha were
studied.
Inclusive Criteria
Patients admitted with clinical diagnosis of acute
appendicitis were selected for study.
Exclusion Criteria
(1) Appendicular mass planned for conservation
management. (2) Recurrent appendicitis / stump
appendicitis (3) Patients with co-existing
inflammatory disorder (4) Pregnancy
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Method: The patients aged between 10-45 years
were selected. The patients were -categorised into
three groups based on Alvarado score. Group-I score
between 7-10, Group-II 4-6 score, Group-III less than
3 score CRP estimation was done. The laboratory
tests were performed on the blood samples collected
at the time of admission. The serum CRP was
estimated by using i-chroma Reader (which is a
fluorescence scanning instrument) manufactured by
Boditech Med. Inc. Germany using diagnostic
reagent kit for the in vitro detection of C - reactive
protein in human serum by semi-quantitative rapid
latex slide tests.CRP levels were considered to be
elevated when it was above normal range of 0-5 mg/L
.The PPV (positive predictive value) NPV (Negative
predictive value) for normal and elevated CRP for
histologically confirmed appendicitis in patients
having signs and symptoms of Acute appendicitis
(AA),
Duration of study was July-2019 to May-2021

[Table 4] Study of inflammatory variables in
combined CRP and WBC had 100% sensitivity and
89.5% specificity.
In the Alvarado score was 2 in Tenderness in right
lower quadrant and Leucocytosis

Statistical Analysis
The Alvarado score of different categories were
conformed to acute appendicitis (AA) and elevated
CRP, PPV and NPV of normal CRP. The statistical
analysis was performed in SPSS software. The ratio
of male and female was 2:1.

Table 2: Study of WBC count in acute appendicitis
patients (Total No. of Patients: 207)

RESULTS
[Table 1] Features of Alvarado scores
[Table 2]
 Group-I – 70 (33.8%) had normal WBC count
(10x109x1)
 Group-II were 107 (51.6%) had high WBC count
(10-15x109x1)
 Group-III were 30 (14.4%) had very high WBC
count (>15x109x1)
[Table 3] Results of Alvarado scores in relation CRP
study
 In category-I (group-I) score (7-10) had 13 patients
and 107 (51 %) were confirmed as AA elevated
CRP, PPV was 86 and NPV was 35
 In category-II (group-II) had 69 patients confirmed
A was 35 (16.9%) PPV for elevated CRP was 62
and NPV for CRP Normal was 70
 In category-III 7 patients and 2 (0.96%) were
confirmed AA PPV for elevated CRP was 32 and
NPV for normal CRP was 84
Table 1: Features of Alvarado score
Details Features

Score

Migration of pain
Anorexia
Nausea
Tenderness in right lower
quadrant
Rebound pain
Elevated temperature
Leucocytosis
Shift of white blood count to
the left
Total

1
1
1
2
1
1
2
1
10

Figure 1: Features of Alvarado score

Particulars

No. of
cases

Percentage (%)

Group-I Normal WBC
count
(10x109/1)
Group-II High WBC
count
(10-15x109/1)
Group-III Very high
WBC count
(>15x109/1)

70

33.8

107

51.6

30

14.4

Figure 2: Study of WBC count in acute appendicitis
patients
Table 3: Results of Alvarado scores in relation to Creactive protein study
Alvarad
o score

No. of
patient
s 207

Confirmatio
n of Acute
appendicitis

PPV of
elevate
d CRP

NPV
of
Norma
l CRP

Alvarado
7-10
(group-I)
Alvarado
4-6
(groupII)
Alvarado
less than
3
(groupIII)

131

107 (51.3%)

86

35

69

35 (16.9)

62

70

7

2 (0.96%)

32

84
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CRP=C-reactive protein, NPV=Negative predictive
value,
PPV= Positive predictive value

Figure 3: Results of Alvarado scores in relation to Creactive protein study
Table 4: Study if inflammation variables (combined
with WBC and CRP positive)
Sensitivity
Specificity

100%
89.58

DISCUSSION
The Alvarado score is 10 point scoring system based
on clinical signs and symptoms and a differential
leucocytes count. Alvarado recommended an
operation for all patients with scores of 7 or more and
observation for patients with score of 5 or 6. A high
score was found to be an easy and satisfactory aid to
early diagnosis of acute appendicitis in children and
adult.
Present study of predictive values if Alvarado scores
serum CRP and WBC count in the diagnosis of AA
in odisha population. The features of Alvarado score
were 1-10 [Table 1]. Group-I – 70 (33.8%) had
normal WBC count (10x109x1), Group-II were 107
(51.6%) had high WBC count (10-15x109x1),
Group-III were 30 (14.4%) had very high WBC count
(>15x109x1) [Table 2]. The results of Alvarado
scores in relation to CRP study. 131 patients were in
group-I (Alvarado score 7-10) 107 (51.3%) were
confirmed as AA, 86 was PPV elevated CRP, 35 was
the NPV of normal CRP, 69 patients were group-II
(Alvarado score 4-6) and 35 (16.9%) were confirmed
as AA, 62 were PPV of elevated CRP, 70 was NPV
of normal CRP, 7 patients in group-III (Alvarado
score less than 3) and 2 (0.9%) confirmed as AA and
32 was PPV elevated value, 84 was NPV of normal
CRP [Table 3]. Study of inflammatory variables in
combined CRP and WBC had 100% sensitivity and
89.5% specificity [Table 4]. It is shown that,
sensitivity and specificity values are comparable with
that of other comparable with that of other studies
done in the past.[6,7,8,9]
The present study supports the Alvarado score (A
score) having 7-10 had (51.3%) confirmed on of AA,
Alvarado score 4-6 had (16.9%) AA and less than 3
Alvarado score had (0.96%) AA with elevated PPV
and NPV of CRP values because serum CRP

estimation is easy and cost-effectiveness availability
in rural areas also hence it has emerged rapidly as
diagnostic tool, especially in acute phase reactant
CRP may be elevated in other conditions as well and
hence the specificity of CRP is low as comparative to
sensitivity.
CRP is the easiest to measure as inflammatory
marker because of its dramatic rise in response to
inflammation associated with pathological condition.
Though CT, ultrasound and laparoscopy gave the
best diagnostic accuracy in terms of high sensitivity
and specificity. Their use is fraught with many
limitations first CT emits radiations that could lead to
cancer in future; secondly it is not cost effective in
low income families, third factor is ultrasound needs
not only quality of machine but also qualified and
experienced operator for proper imaging and
diagnosing which is great disadvantage.[10,11]
Under such scenario Alvarado score correlated with
NPV, PPV value of CRP was great importance to
confirm AA.
One main controversy of Alvarado score is its
applicability’sin paediatric population. This is the
simply because Alvarado score requires children to
identify migratory pain, nausea and anorexia which
are symptoms that are not easily verified in the
extremely young children,[12,13] Moreover WBC
count to the diagnosis of AA in children is
controversial but WBC, CRP and neutrophil count
may assist in the diagnosis AA.[14,15] CRP is an acute
phase reactant whose serum concentration increase in
response to inflammatory processes. There is
plethora of reports documenting the value of CRP in
improving the diagnostic value of AA.

CONCLUSION
Alvarado score may help in the diagnosis of AA
however these predictive values of WBC count, CRP
value and Alvarado score cannot be find diagnostic
value for confirmation of AA rather useful adjunct of
AA because features of Alvarado scores are
equivocal hence the final decision lies with surgeon.
Limitation of Study
Owing to tertiary location of present studied hospital,
less number of patients, lack of latest instruments we
have limited results.
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