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Abstract 
Introduction: Once patients present with pain in the right lower quadrant, one of the most common 
surgical conditions that they have to treat is acute appendicitis. Our aim is to study the value of 
preoperative C - reactive protein and total leucocyte count in diagnosing acute appendicitis and to correlate 
its value in grading of acute appendicitis as compared to Histopathological reports. 
Material and Methods: This is hospital based retrospective comparative study conducted in the 
Department of General Surgery at Yenepoya Medical College and Hospitals, Mangalore, a period of 5 
years from, 2014-2019, to evaluate the accuracy of total leukocyte count and C - Reactive Protein (CRP) in 
the diagnosis of acute appendicitis. All patients above the age of 15 years diagnosed clinically to have 
acute appendicitis and subjected to appendicectomy were included. Patients with history of recurrent pain 
in right iliac fossa, patients with appendicular mass or peritonitis and concomitant conditions where C-
reactive protein or Leukocyte Count is elevated were excluded. 
Results: There are about 80.6% cases of acute appendicitis, 2.3% appendicular mass, 8.4% complicated 
acute appendicitis, 8.0% malignancy and 0.8% others. CRP level had a sensitivity of 86.27% and 
specificity of 66.67% in predicting acute appendicitis. Total leucocyte count had a sensitivity of 87.65% 
and specificity of 100% in predicting acute appendicitis. 
Conclusion: Inflammation is known to cause an increase in CRP, but after complications have occurred, 
this increase is much more pronounced. The measurement of CRP or the counting of leucocytes on their 
own could be sufficient to prevent negative appendectomies. 
 
Keywords: CRP, TLC, Acute appendicitis, appendicectomy, inflammation 
 
Introduction  
Once patients present with pain in the right lower quadrant, one of the most common surgical 
conditions that they have to treat is acute appendicitis. When it comes to community-acquired 
abdominal infections, this particular pathogen is by far the most common source of infection [1, 2, 

3]. The incidence ranges from 42 to 175 cases per 100,000 people. Clinical signs and symptoms, 
such as fever, pain in the right lower quadrant, muscle guarding, and tenderness, are typically 
used to arrive at a conclusion regarding the diagnosis [4]. The rate of perforation is quite high, 
and it has been reported that the accuracy of clinically based diagnoses can range anywhere from 
71% to 97% of the time, depending on the clinician's level of experience [6]. Therefore, it is still 
challenging to make an accurate diagnosis of acute appendicitis [7-9]. In general surgical 
procedures, perforated appendicitis is the leading cause of death around the world [10]. Patients 
who are thought to have acute appendicitis have blood tests that measure inflammatory markers 
such as white blood cell (WBC) counts and Creactive protein (CRP) levels. It has been 
emphasised how important it is to look at these blood inflammatory markers before making a 
decision about whether or not to discharge a patient or admit them for further investigation [11-16]. 
Surgery has traditionally been the primary method of treatment for appendicitis. However, initial 
treatment by non-surgical management has been shown to be both safe and effective for patients 
who present with catarrhalis appendicitis or phlegmnous appendicitis. This type of appendicitis 
is characterised by inflammation that occurs within the mucous membrane [17, 18]. However, 
more severe forms of appendicitis, such as gangrenous appendicitis, require immediate surgical 
intervention to be treated. The C - reactive protein is a non-specific inflammatory marker that is 
routinely used in some centres as an aid in the diagnostic process for patients who present with 
an acute abdomen [19]. It is a protein that is produced in the liver during the acute phase of the 
disease [20, 21].  
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After an infection or trauma, the normal serum concentration is 
less than 10 mg/l for eight to twelve hours. The production of 
CRP is under the control of interleukin-6, which causes a 1,000-
fold increase in a matter of minutes. Infections, autoimmune 
disorders, inflammatory arthritis, neoplasia, and the natural 
ageing process all lead to an increase in CRP levels [20-25]. 
According to a number of studies, the diagnostic accuracy of 
these inflammatory markers is poor in cases of acute 
appendicitis [26-28]. However, the findings of some articles come 
to the conclusion that WBC counts and C - reactive protein 
levels are accurate indicators of the severity of the disease and 
that there is a significant correlation between the two and the 
pathological findings [29].  
When both the white blood cell count and the C-reactive protein 
value are normal, appendicitis is not likely to be present, 
according to the findings of a number of studies [30]. Only about 
eighty-four percent of patients who have their appendix removed 
have a pathological finding that confirms they had appendicitis. 
This is because the symptoms of appendicitis are not typical and 
it can be difficult to make an accurate diagnosis. There are a 
significant number of appendectomy procedures that end in 
failure. Since appendectomy results in socio-economic impacts 
such as decreased productivity and loss of working days, 
negative appendicectomies are one of the burdens that are borne 
not only by the general surgeon but also by the patient and by 
society as a whole. In cases of perforated or gangrenous 
appendicitis, postponing surgery leads to a significant increase 
in the likelihood of early and later complications, as well as an 
increase in the length of time patients spend in the hospital. 
Therefore, it is necessary to detect appendicitis early and treat it 
appropriately in order to reduce the risk of complications 
following surgery [31]. Investigations for the early detection of 
complicated appendicitis are still at a relatively early stage. The 
diagnosis of complicated appendicitis is currently dependent on 
the onset of symptoms as well as a physical examination; as a 
result, there is a high likelihood of inaccuracy as a result of 
subjective interpretation. Because of this, there is a growing 
demand for a test that can assist in the diagnosis of acute 
appendicitis and accurately predict how severe the condition will 
become. Our aim is to study the value of preoperative C - 
reactive protein and total leucocyte count in diagnosing acute 
appendicitis and to correlate its value in grading of Acute 
Appendicitis as compared to Histopathological reports. 
 
Material and Methods 
This is hospital based retrospective comparative study conducted 
in the Department of General Surgery at Yenepoya Medical 
College and Hospitals, Mangalore, a period of 5 years from, 
2014-2019, to evaluate the accuracy of total leukocyte count and 
C - reactive protein (CRP) in the diagnosis of acute appendicitis. 
In this study, all patients who came to the General surgery 
Outpatient Department and to the Emergency Department who 
presented with right iliac fossa pain and were diagnosed as acute 
appendicitis were considered for the study. They underwent 
routine blood investigations which included total leucocyte 
count and CRP. Histopathological reports of the resected 
appendix specimen of the patients who underwent emergency 
appendicectomy were considered in the study. Finally, an 
analysis was done to correlate the sensitivity and specificity of 
total leukocyte count and CRP in diagnosing acute appendicitis. 

The histopathological report was used to confirm the diagnosis 
of acute appendicitis. Patients admitted in Yenepoya Medical 
College Hospital in the past 5 years who underwent 
appendicectomy. All cases that fit the inclusion criteria in the 
stipulated 5-year period were included. Total leucocyte count, 
C-reactive protein and Histopathology reports were collected. 
All patients above the age of 15 years diagnosed clinically to 
have acute appendicitis and subjected to appendicectomy were 
included. Patients with history of recurrent pain in right iliac 
fossa, patients with appendicular mass or peritonitis and 
concomitant conditions where C-reactive protein or Leukocyte 
Count is elevated were excluded. 
Descriptive statistics were reported as mean (SD) for continuous 
variables, frequencies (percentage) for categorical variables. 
Receiver operator characteristic curve was illustrated for the 
diagnostic accuracy. Sensitivity, specificity, positive predictive 
value and negative predictive value were calculated. Data were 
statistically evaluated with IBM SPSS Statistics for Windows, 
Version 26.0., IBM Corp. and Chicago, IL. 
 
Results 
There are about 80.6% cases of acute appendicitis, 2.3% 
appendicular mass, 8.4% complicated acute appendicitis, 8.0% 
malignancy and 0.8% others (Table 1). CRP level had a 
sensitivity of 86.27% and specificity of 66.67% in predicting 
acute appendicitis (Table 2, Figure 1). Total leucocyte count had 
a sensitivity of 87.65% and specificity of 100% in predicting 
acute appendicitis (Table 3, Figure 2). 
 
Table 1: Distribution of primary code among the study participants (N 

= 263) 
 

SL. No Variable Frequency Percentage 
1 Acute appendicitis 212 80.6 
2 Appendicular mass 6 2.3 
3 Complicated Acute appendicitis 22 8.4 
4 Malignancy 21 8.0 
5 Others 2 0.8 

 
Table 2: Diagnostic accuracy of CRP with primary diagnosis of 

appendicitis among the study participants (N=263) 
 

SL. No Diagnosis CRP >10 CRP < 10 
1 Appendicitis 201 10 
2 Others 32 20 

 
Statistic Value 95% CI 

Sensitivity 86.27% 81.17% to 90.41% 
Specificity 66.67% 47.19% to 82.71% 

Disease prevalence (*) 88.59% 84.12% to 92.17% 
Positive Predictive Value (*) 95.26% 92.36% to 97.10% 
Negative Predictive Value (*) 38.46% 29.33% to 48.48% 

Accuracy (*) 84.03% 79.03% to 88.24% 
 
 

Area Std. 
Errora 

Asymptotic 
Sig.b 

Asymptotic 95% Confidence Interval 
Lower Bound Upper Bound 

0.548 0.058 0.392 0.434 0.662 
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Fig 1: Diagnostic accuracy of CRP with primary diagnosis of appendicitis among the study participants (N = 263) 
 

Table 3: Diagnostic accuracy of total leucocyte count with primary diagnosis of appendicitis among the study participants (N=263) 
 

Sl. no Diagnosis TLC>10 TLC < 10 
1 Appendicitis 213 0 
2 Others 30 20 

 
Statistic Value 95% CI 

Sensitivity 87.65% 82.85% to 91.51% 
Specificity 100.00% 83.16% to 100.00% 

Disease prevalence (*) 92.40% 88.50% to 95.29% 
Positive Predictive Value (*) 100.00% 99% to 100% 
Negative Predictive Value (*) 40.00% 32.29% to 48.24% 

Accuracy (*) 88.59% 84.12% to 92.17 
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Fig 2: Diagnostic accuracy of total leucocyte count with primary diagnosis of appendicitis among the study participants (N = 263) 
 

Area Std. 
Error a 

Asymptotic 
Sig. b 

Asymptotic 95% Confidence Interval 
Lower Bound Upper Bound 

0.569 0.050 0.221 0.470 0.667 
 
Discussion 
The most common medical emergency requiring emergency 
abdominal surgery is acute appendicitis.5 Appendectomy after a 
false-positive diagnosis of appendicitis, also known as a 
negative appendectomy, is performed in up to 15 to 25 percent 
of cases. This is because the clinical diagnosis of acute 
appendicitis is difficult [6]. In women of reproductive age, some 
authors have even reported negative appendectomy rates as high 
as fifty percent of the time [7]. It has been generally accepted that 
such negative explorations are an unavoidable consequence of 
the principle of early exploration to prevent perforation of the 
appendix; however, this practise is being questioned more and 
more these days. The majority of patients who have acute 
appendicitis present with lower abdominal pain on the right side, 
nausea, and vomiting; however, these symptoms are not 
particularly specific to the condition. In point of fact, any acute 
abdominal condition can present symptoms similar to those of 
appendicitis. Because of this, the list of differential diagnoses is 
lengthy, which is why it is not uncommon to remove an 
appendix that is otherwise healthy. The diagnosis is likely to be 
correct if there is localised tenderness as well as evidence of 
peritoneal inflammation (tenderness to guarding and 
percussion). In most cases, the results of laboratory 
investigations contribute very little and can even be misleading 

[8]. Even though appendicectomy is generally regarded as a risk-
free procedure, it can still result in a number of complications. 
The complications that are most likely to arise are wound 
infection, intraabdominal abscess, adhesions and bowel 
obstruction, as well as pulmonary complications resulting from 
the use of general anaesthesia. In addition, some patients 
continue to experience symptoms even after the surgery has 
been performed. Patients who are like this put a strain on the 
facility's resources and, on the whole, are dissatisfied with the 
care they receive from the medical professionals. 
The first studies on the use of C-reactive protein in the diagnosis 
of acute appendicitis were carried out in 1967 by Russian 
surgeons. These studies evaluated the diagnostic and prognostic 
role of C - reactive protein [32]. Only the triple combination of C 
– Reactive Protein, total white blood cell count, and total 
neutrophil count has been suggested to be of diagnostic value in 
acute appendicitis by Dueholm, et al. in 1989. This suggests that 
acute appendicitis is unlikely when all three of these tests come 
back negative at the same time [33]. In 1997, Hallan and Asberg 
conducted a review of 22 eligible articles on the accuracy of C - 
reactive protein in patients with suspected appendicitis. The 
patients included a total of 3436 individuals. Both sensitivity 
and specificity showed a wide range of variation, ranging from 
40 to 99 percent and 27 to 90 percent, respectively. They came 
to the conclusion that the C - reactive protein test had a 
moderate degree of accuracy and that it was not possible to 
reach a definitive decision regarding the usefulness of the test 
[33]. 
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Between May 1, 1999 and September 31, 2007, Yokoyama et al. 
reviewed 150 patients who had appendectomies and had 
pathologically confirmed appendicitis in an effort to clarify the 
role of C-reactive protein as a surgical indication marker for 
appendicitis. These patients had undergone appendectomies 
between the dates of May 1, 1999 and September 31, 2007. This 
study showed that white blood cell counts and neutrophil 
percentage are not useful for surgical indication. On the other 
hand, univariate analysis indicated that only C - reactive protein 
was significantly different between the surgery necessary group 
and the unnecessary group, and multivariate analysis showed 
that only C - reactive protein was an independent marker for 
necrotic appendicitis. In conclusion, this study demonstrated that 
the white blood cell counts and neutrophil percentage are not 
useful for surgical indication [34]. A prospective study was 
conducted by Salem et al. in 2003 on patients who were 
admitted to the surgical department of a large referral hospital 
reporting nontraumatic, acute abdominal pain. The study lasted 
for one year. Nonspecific abdominal pain (nSAP), surgical non-
operative group, and surgical operative group were the three 
categories into which patients were categorised. Despite the fact 
that there were statistically significant differences between the 
groups, the authors were unable to determine a useful level of C-
Reactive Protein that could differentiate between patients who 
had nSAP and those who needed either operative or non-
operative management. 
According to Khan, et al. (2004) [36], the sensitivity and 
specificity of C - Reactive Protein in the diagnosis of acute 
appendicitis were estimated to be 75.6 percent and 83.7 percent 
respectively [35]. In 2004, Andersson examined 28 distinct 
diagnostic variables in the evaluation of patients suffering from 
acute appendicitis in 24 primary research articles that were 
eligible for the study. According to the findings of the author, 
each component of the history, examination, and laboratory 
markers of inflammation has a low capacity for discrimination 
and prediction. On the other hand, the likelihood of the 
diagnosis being correct increases when more than one factor is 
taken into consideration [36].  
Shafi et al. conducted a study in 2007 on 110 patients who had 
surgery for acute appendicitis to determine the role of total 
leucocyte count (TLC), C-reactive protein, and percentage of 
neutrophil count in the diagnosis of acute appendicitis. The 
study was carried out on patients who had undergone surgery for 
the condition. According to the findings, the sensitivity of the C 
- reactive protein test was 95.6 percent, while its specificity was 
77.77 percent, and its positive predictive value was also 95.6 
percent. When measured together, TLC, CrP, and neutrophil 
count, the authors came to the conclusion that these 
inflammatory markers can be helpful in the diagnosis. This is 
because measuring them together increases both their specificity 
and their positive predictive value [37]. 
Even if clinical symptoms and signs indicate acute appendicitis, 
the majority of authors agree that acute appendicitis is unlikely 
in adult patients with a normal leukocyte count and C - reactive 
protein value [38]. This is the consensus among the vast majority 
of authors. As a consequence, these patients should not go 
through with the operation. In addition, a number of studies have 
demonstrated that the accuracy of both tests can be improved by 
combining the results of the total leukocyte count and the C-
reactive protein value. These two sets of findings are consistent 
with the findings of our research. In children, an appendicitis 
diagnosis cannot be conclusively ruled out even if the leukocyte 
count and C-reactive protein value are both normal [39-40]. 
 

Conclusion 
Inflammation is known to cause an increase in CRP, but after 
complications have occurred, this increase is much more 
pronounced. An early indicator of appendix inflammation is an 
increase in the total number of leucocytes in the blood. The 
measurement of CRP or the counting of leucocytes on their own 
could be sufficient to prevent negative appendectomies. 
Numerous studies on the subject determining the role of TLC 
and CRP preoperatively and postoperatively in the diagnosis of 
acute appendicitis need to be carried out. 
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