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ABSTRACT
Background: Appendicitis is a common surgical emergency and diagnostic dilemma. Making the correct diagnosis is
often difficult as the clinical presentation varies according to the age of the patient and the position of appendix.
The objective of this study was to identify clinical applicability of C- reactive protein, as a diagnostic test for
appendicitis.
Methods: This prospective study was carried out in Federal government Polyclinic hospital, Islamabad from January
to July 2019, 114 patients underwent appendectomy for clinically diagnosed acute appendicitis. The decision to
operate the patient was given by senior registrar. The blood samples for C-reactive protein were drawn before
taking the patient to the operating theatre. Removed appendices were sent for histopathological confirmation of
diagnosis. The C-reactive protein was then compared with the results of histopathology to determine its validity.
The data was entered and analysed in SPSS 23.
Results: The sensitivity, specificity, positive and negative predictive values of C-reactive protein in patients with
clinical diagnosis of acute appendicitis were found to be 94%, 78%, 93% and 74 % respectively.
Conclusion: CRP is helpful in making diagnosis of acute appendicitis. It is highly sensitive but has a relatively low
specificity.
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Introduction
On an emergency floor, acute appendicitis is one
of the commonest operative emergencies
encountered. Diagnosis is made usually on clinical
grounds, with sometimes taking aid from
radiological and laboratory testing.1,2 Making the
correct diagnosis all the time is often difficult with
only clinical tools, as its clinical presentation varies
depending upon the gender and age of patients,
location of appendix and the amount of
inflammation. Moreover, many other diseases
also mimic acute appendicitis making the

diagnosis even more difficult, particularly in young
females and children. Different scoring systems
designed to diagnose acute appendicitis
incorporate different combinations of signs,
symptoms and tests, but due to overlapping of
these factors in other differentials, pinpoint
accuracy cannot be achieved. Dilemma remains, as
appendectomy is usually carried out in patients
using these same clinical scores, by clinical
diagnostic expertise on individual level, that varies
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considerably, which may result in negative
appendectomy of 15 to 30 %.3,4
The developments in radiological system like
ultrasound and CT scan have aided the surgeons to
use them in diagnosis, but they are not widely
available. If machines are available, the quality of
training to interpret the images on individual level
is not same, so the rate of negative explorations
still remains high.4 On the other hand as a surgeon,
one is always fearful of the consequences of a
missed diagnosis of appendicitis that may lead to
perforation, sepsis, portal pyaemia and even
death in some late cases specially in old
individuals.3,5 To prevent this horrible sequel of
high morbidity and mortality , surgeon has to rely
on his clinical skills and the option of
appendectomy is usually adopted over
conservation as benefit far outweighs the risk in
suspected cases. The proportion of these negative
explorations for acute appendicitis needs to be
reduced because negative explorations are
associated with significant but preventable
morbidity4. Therefore, some easy, quick,
interpretable tests must be used with clinical skills
dominated approach of diagnosing appendicitis,
to improve the diagnostic accuracy and reduce the
number of negative explorations.5
In response to inflammation and infection,
hepatocytes are signalled to produce C-reactive
protein (CRP). Its concentration increases within
hours of the stimulus and peaks in 24-48 hours and
stays high as long as there is ongoing tissue injury.6
In many of the studies in which the diagnostic
value of CRP was investigated, the results varied
but nevertheless most of the studies supported its
clinical applicability.7 CRP was found to be more
accurate in diagnosing acute appendicitis, than
elevated leukocyte count and neutrophil count.8
The objective of this study was to evaluate the
clinical applicability of qualitative CRP analysis in
patients with clinical diagnosis of acute
appendicitis and its significance in reducing the
number of negative explorations among them.

Methodology
This prospective study was conducted over a
period of 6 months from January to July 2019 at
department of General Surgery, Federal Govt
Polyclinic (PGMI), Islamabad after taking ethical
approval of the study. Sample size of 114 patients
was calculated using WHO sample size calculator.
A non-probability consecutive sampling technique
was used to include patients after taking informed
consent. All the patients above 12 years of age,
going through appendectomy for acute
appendicitis, were included in the study regardless
of their gender. Pregnant patients, those with
history of autoimmune diseases and the patients
undergoing interval appendectomy were excluded
from the study.
All the patients were given pre-operative
antibiotics. After taking an informed written
consent, blood samples for qualitative C-reactive
protein analysis were collected before taking the
patient to the operation theatre. The decision to
operate the patient was made by a senior registrar
on the basis of clinical findings, independent of Creactive protein level, whose results were
available after the surgery. The laboratory staff
were not aware of clinical findings, decisions or
outcome. Qualitative serum C-reactive protein
was measured by the Array protein chemistry
system, USA. C-reactive protein level equal to or
more than 10 mg/L was considered as high, thus
dividing the patients into two groups i.e. Creactive protein Positive and C-reactive protein
Negative.
Removed appendix was sent to laboratory in
formalin preparation where histopathological
examination was done by the Consultant
histopathologist. Histopathology was used as gold
standard, to remove observation bias of different
operating surgeons. Specimen of appendix,
particularly its tip was examined to exclude
carcinoid tumour and granuloma. The patients
were divided into two groups on the basis of
histopathology i.e Inflammation Positive and
Inflammation Negative.
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The data was entered and analysed in SPSS 23.
Sensitivity, specificity, positive and negative
predictive values were calculated. CRP analysis
was carried out free of cost at the hospital
laboratory and all the patients in this study
underwent standard treatment.

Results
Out of 114 patients, who underwent
appendectomy for suspected acute appendicitis,
76 were males and 38 were females, with male to
female ratio of 2:1. Table 1 shows general
characteristics of patients in our study. Total 75%
patients had inflamed appendix while in 25% of
the patients, appendix was not inflamed. Among
patients having inflamed appendix, 61(71%) were
males while 25 (29%) were females. The negative
appendicectomy was present in 15 (53%) males
and 13 (46%) females.
Patients who had inflamed appendix, majority
(94%) had their CRP test positive. On the other
hand, patients in whom the appendix was not
inflamed, large number (79%) were CRP negative.
The sensitivity, specificity, positive and negative
predictive values of serum C-reactive protein in
patients with clinical diagnosis of acute
appendicitis were found to be 94%, 78%, 93% and
74 % respectively. (Table 2)
Out of the 28 patients whose appendices did not
show inflammation, majority had non-specific
abdominal pain (61%) followed by ruptured
ovarian cyst (14%) (Table 3).
Table 1: Baseline characteristics of patients
(n=114)
Characteristics
Value
Age ̶-years.
Mean±SD
24.91±9.45
Range
(12-55)
Gender
Male ̶ ̶ n (%)
76(67)
Females ̶ ̶ n (%)
38(33)
CRP
Positive ̶ n (%)
87(76)
Negative ̶ n (%)
27(24)
Appendicular
Inflammation
86(75)
Positive ̶ n (%)
28(25)
Negative ̶ n (%)

Table 2: Association of c-reactive protein with
appendicular inflammation (n=114)
Appendicular
Inflammation
CReactive
Protein

Positive
Negative

Positive
(N=86)
81
5

Negative
(N=28)
6
22

Statistical
Relation
Sensitivity=94%
Specificity=78%
PPV=93%
NPV=74%

Table 3: Alternative Diagnosis in Negative
appendectomies
Alternative diagnosis
Value; n (%)
Ruptured Ovarian Cysts
4(14)
Pelvic Inflammatory Disease
3(11)
Mesenteric Lymphadenitis
3(11)
Ovarian cyst Torsion
1(3)
Non-Specific Abdominal Pain 17(61)

Discussion
Commonest surgical emergency, having no set
criteria yet, to reach the correct diagnosis each
time, is the main dilemma in acute appendicitis.
Reaching the correct diagnosis in this case is an art,
but the skill varies. Subjective criteria and scoring
systems make it tough to reach the correct
diagnosis all the time. Consequently, the rate of
negative explorations for acute appendicitis
continues to remain high.9,10 Making diagnosis of
acute appendicitis among the elderly and females
is rather more challenging, as in elderly, usual
textbook signs are often diminished or absent,
similarly in females, signs and symptoms are vague
most of the time due to the wide range of causes,
therefore the chances of wrong diagnosis are
highest.6 The negative appendectomy rate of
24.56% in our study is inacceptable range;
however it is relatively on higher end of 15% to
25% range mentioned in different studies6,9-11. So,
it means that, there is a need to use more
diagnostic tests, particularly in those patients in
which the clinical diagnosis is dubious. Using more
widely available and interpretable tests for this
purpose is a key issue.
Good history taking and sound clinical
examination organized in different scoring
systems helps us to reach the diagnosis in most of
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the cases.4 It is most cost effective, repeatable,
fast and widely used method specially in periphery
but the clinical presentation shows a wide range of
variations, many other acute abdominal
conditions also mimic acute appendicitis and
missing a case of acute appendicitis can result in
gangrenous perforation, abscess formation,
peritonitis and sepsis. This subjective approach
must be augmented with chemical markers or
radiological assistance wherever they are
available. Although ultrasound and CT scan have
improved the diagnosis, but they are still not
available widely in periphery. CRP, an acute phase
protein, was first recognized in 1930 by Tillet and
Francis, is produced by hepatocytes in response to
tissue injury.12 CRP is relatively a cheap and widely
available test compared to more expensive and
operator dependent radiological techniques
specially in periphery. So, CRP is long being used in
diagnosis of different clinical conditions. Varying
results are present in different studies showing its
relation to acute appendicitis to be uncertain but
meta-analysis and systematic reviews concluded
that CRP not alone but in combination with other
markers like raised WBCs, procalcitonin,
hyperbilirubinemia, shows strong relationship
with diagnosing acute appendicitis. 4,6,13
There are many studies of different serological
markers related to diagnosis of acute appendicitis,
some are termed as more efficient but we have to
keep in mind ground realities of our healthcare
system, where availability and cost are main
concerns and this is what we addressed in our
study framework. Serum CRP is widely available, in
patients with suspected appendicitis, it is a very
sensitive investigation.2 In our study, sensitivity of
C-reactive protein is consistent with previous
studies1-3,16. However serum CRP has a relatively
low specificity as CRP is also increased in many
other infective and non-infective conditions.
Our study acknowledges CRP a very supportive
diagnostic modality in acute appendicitis, but it
still does not substitute the clinical diagnostic skills
of general surgeons, it only supports the surgeons
in diagnosis as mentioned in previous studies. 14,15
If in a patient presenting with pain right iliac fossa,

both CRP and white cell counts are normal, then
acute appendicitis is rendered very improbable.4 A
normal preoperative serum CRP in patients with
pain right iliac fossa is most likely associated with
a normal appendix so deferring surgery can reduce
the rate of negative explorations, thus reducing
unwanted morbidity associated with operative
therapy.7-9,16 Studies also reveal that CRP is not
related to diagnosis of acute appendicitis, but it
can suggest, degree of inflammation of appendix
and need of early intervention.18 CRP as a
supplementary test can reduce the rate of
negative appendectomies and their sequel
specially where the new and improved diagnostic
facilities are not available.

Conclusion
CRP analysis augments the clinical diagnosis of
acute appendicitis. It is highly sensitive but has a
relatively low specificity.
It was a single centred study, sample size was
small, sampling technique used was nonprobability consecutive and qualitative CRP
detection technique was used.
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