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Abstract:  
Background: Acute appendicitis poses diagnostic challenges due to its variable presentation. The efficacy of 
combining C-reactive protein (CRP), white blood cell (WBC) count, and ultrasonography (USG) with clinical 
features for diagnosis and management decisions remains underexplored. 
Methods: This cross-sectional study involved 80 patients suspected of acute appendicitis at RNT Medical College 
and MBG Hospital, Udaipur, from January 2021 to January 2022. CRP, WBC count, and USG findings were 
analyzed in correlation with clinical features. Statistical analyses included chi-square tests and receiver operating 
characteristic (ROC) curve analysis to evaluate the diagnostic performance of the tests. 
Results: Elevated CRP was significantly correlated with the Alvarado score and USG findings, displaying high 
positive predictive values. The specificity of the WBC count with the Alvarado score reached 100%, supporting 
its diagnostic utility. CRP levels were notably higher in complicated cases, indicating its potential to guide 
treatment decisions. 
Conclusion: The integration of CRP, WBC count, and USG with clinical assessments substantially improves the 
diagnosis of acute appendicitis. This approach enhances the accuracy of identifying appendicitis, particularly in 
distinguishing between its complicated and uncomplicated forms, thereby facilitating appropriate surgical 
interventions. 
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Introduction 

Inflammation of the appendix is the hallmark of 
acute appendicitis, a common surgical emergency 
worldwide. The primary method of diagnosis is 
clinical assessment, which involves physical 
examination, symptom evaluation, and laboratory 
testing like as C-reactive protein (CRP) levels and 
white blood cell (WBC) counts, in addition to 
imaging methods like ultrasound (USG) [1, 2, 3]. 
Due to its diverse presentation, acute appendicitis is 
still difficult to diagnose effectively despite 
improvements, potentially resulting in unnecessary 
procedures and diagnostic uncertainty [4,5]. The 
presence and intensity of inflammation are 
frequently evaluated using the differential leukocyte 
count (DLC), which gives information on the types 
and ratios of white blood cells, and CRP, a non-
specific acute phase reactant that the liver produces 
in response to inflammation [6,7]. Contrarily, 
ultrasound provides a non-invasive way to visually 
confirm an inflamed appendix, which is particularly 

helpful in susceptible groups like children and 
pregnant women [8,9]. 

To improve patient outcomes, lower the proportion 
of negative appendectomies, and increase diagnostic 
accuracy, the interaction of clinical characteristics, 
CRP, DLC, and USG results is essential [10]. 
According to research, combining these diagnostic 
methods can improve the evaluation of suspected 
acute appendicitis and facilitate prompt and suitable 
treatment, including conservative or surgical 
measures [11,12]. The purpose of this study is to 
investigate the relationship between clinical 
characteristics and CRP, DLC, and USG results in 
patients who exhibit symptoms suggestive of acute 
appendicitis. By comprehending these connections, 
the research aims to shed light on how these 
indicators might enhance diagnosis accuracy and 
successfully direct therapy choices. 

 

http://www.ijpcr.com/


 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Dulara et al.                                                                                 International Journal of Pharmaceutical and Clinical Research 

1810 

Methodology 

Study Design: This study employed a cross-
sectional design to examine the correlation between 
clinical features, C-reactive protein (CRP), 
differential leukocyte count (DLC), and 
ultrasonography (USG) findings in patients 
suspected of having acute appendicitis. 

Study Setting: The research was conducted in the 
Department of General Surgery at RNT Medical 
College and MBG Hospital, Udaipur. 

Study Population: A total of 80 patients presenting 
with symptoms indicative of acute appendicitis were 
enrolled in the study. Participants were selected 
based on clinical suspicion of appendicitis upon 
admission. 

Study Duration: The study period spanned one 
year, from January 2021 to January 2022, allowing 
for the accumulation and analysis of data across a 
consistent patient population and treatment 
approaches. 

Data Collection: Patients underwent a 
comprehensive clinical evaluation, followed by 
laboratory tests including CRP levels and a complete 
differential leukocyte count. CRP was measured 
using a standard enzymatic method, and DLC was 
obtained through routine hematological techniques. 
Ultrasonography of the abdomen was performed on 
all patients to assess the presence of appendiceal 
inflammation or other relevant findings. 

Inclusion and Exclusion Criteria: Inclusion 
criteria were adult patients (aged 18 years and older) 
who presented with symptoms suggestive of acute 
appendicitis and were clinically assessed by a 
surgeon as potential cases for appendectomy based 
on their initial presentation. Exclusion criteria 
included patients who had a previous history of 
appendectomy, those with contraindications to 
surgery, and patients who declined to participate in 
the study. 

Statistical Analysis: The chi-square test was used 
to examine if elevated CRP and DLC levels 
correlated with USG and clinical symptoms. These 
tests' sensitivity, specificity, PPV, and NPV were 
computed. Receiver operating characteristic (ROC) 
curves determined the best laboratory marker cut-off 
values for acute appendicitis diagnosis. Data was 
analysed using SPSS. 

Results 

Study Participants: A total of 80 patients were 
included in the study, of which 78 underwent 
appendectomy and 2 were managed conservatively. 
Among those who underwent surgery, 71 were 
diagnosed with uncomplicated appendicitis, while 7 
had complicated appendicitis featuring perforation 
or gangrene. 

Laboratory and USG Findings 

• C-reactive Protein (CRP): Elevated CRP 
levels were significantly correlated with the 
clinical Alvarado score and ultrasound findings. 
The positive predictive value (PPV) for CRP 
was 83.67% with the Alvarado score and 
91.82% when associated with USG findings. 

• White Blood Cell (WBC) Count: An elevated 
WBC count showed a significant correlation 
with the Alvarado score, exhibiting 100% 
specificity and 86.27% PPV. However, the 
correlation between elevated WBC and USG 
findings was not statistically significant. 

• Differential Leukocyte Count (DLC): The 
study did not detail separate DLC results 
beyond the general white blood cell count. 

Statistical Analysis 

• Receiver Operating Characteristic (ROC) 
Curves: ROC curve analysis demonstrated that 
CRP had a higher Area Under the Curve (AUC) 
of 0.813, indicating superior diagnostic 
performance compared to WBC (AUC = 0.589) 
and differential polymorphs (AUC = 0.681). 

• Sensitivity and Specificity: High sensitivity 
was observed when combining CRP levels with 
the Alvarado score (73.21%) and USG findings 
(71.42%). The specificity of CRP was 100% 
when combined with the Alvarado score, 
indicating a strong ability to confirm the 
diagnosis of acute appendicitis when positive. 

Complications: Patients with complex appendicitis 
had a considerably higher mean CRP value than 
those with uncomplicated cases, showing that CRP 
can indicate severity. The results show that CRP, 
together with clinical characteristics and USG, may 
accurately diagnose and assess acute appendicitis. 
CRP in diagnostic methods may reduce negative 
appendectomies and enhance patient management 
by accurately identifying surgical candidates.

Table 1: Correlation of CRP and WBC with Clinical Features and USG Findings 
Parameter Correlated With Positive Predictive Value (PPV) Specificity 
CRP (C-reactive protein) Alvarado Score 83.67% - 
CRP (C-reactive protein) USG Findings 91.82% - 
WBC (White Blood Cell count) Alvarado Score 86.27% 100% 
WBC (White Blood Cell count) USG Findings - - 
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Table 2: ROC Curve Analysis for Diagnostic Markers 
Marker AUC (Area Under Curve) Statistical Significance 
CRP 0.813 Yes 
WBC 0.589 No 
Differential Polymorphs 0.681 No 

Table 3: Sensitivity and Specificity of Diagnostic Tests 
Test Combination Sensitivity Specificity 
CRP with Alvarado Score 73.21% 100% 
CRP with USG Findings 71.42% - 
Combined CRP, WBC with Alvarado Score - 100% 

Table 4: Comparison of Mean CRP, WBC, and Polymorphs in Complicated vs. Uncomplicated 
Appendicitis 

Condition Mean CRP (mg/l) Mean WBC (cells/ml) Mean Polymorphs (%) 
Uncomplicated Appendicitis 75.01 ± 113.30 9587.28 ± 4940.37 72.24 ± 14.12 
Complicated Appendicitis 286.95 ± 180.36 9466.66 ± 3040.175 79.13 ± 11.27 

Discussion 

Diagnostic Utility of CRP and WBC: The results 
of this study underscore the significant diagnostic 
value of C-reactive protein (CRP) and white blood 
cell (WBC) count when combined with clinical 
assessments and ultrasonography (USG) in the 
diagnosis of acute appendicitis. Elevated CRP levels 
showed a strong correlation with the Alvarado score 
and USG findings, suggesting that CRP is a robust 
marker for inflammation associated with 
appendicitis. The high positive predictive values 
(PPV) for CRP with Alvarado score (83.67%) and 
USG findings (91.82%) demonstrate its 
effectiveness in confirming the diagnosis of 
appendicitis, which aligns with previous studies that 
have highlighted CRP as a critical diagnostic 
biomarker for acute appendicitis due to its 
sensitivity to inflammation. 

The specificity of WBC with the Alvarado score was 
found to be 100%, indicating that an elevated WBC 
count, while a common finding in appendicitis, is 
particularly indicative when aligned with clinical 
scoring systems. However, the lack of a significant 
correlation between WBC counts and USG findings 
may suggest limitations in the specificity of WBC 
counts alone for diagnosing appendicitis, which is 
consistent with literature that questions the 
reliability of leukocytosis as a standalone marker for 
appendicitis. 

Role of Ultrasound: USG continues to be an 
essential tool in the diagnosis of appendicitis, 
particularly due to its non-invasive nature and high 
accuracy in visualizing the inflamed appendix. The 
strong correlation between USG findings and 
elevated CRP levels further supports the use of 
ultrasound as a first-line imaging modality in 
suspected cases, as recommended by previous 
research [13,14]. 

Comparing Complicated and Uncomplicated 
Appendicitis: Our study's findings on the 

significantly higher mean CRP levels in complicated 
appendicitis compared to uncomplicated cases 
highlight the potential of CRP not only in diagnosis 
but also in indicating the severity of appendicitis. 
This can help in prioritizing urgent surgical 
interventions for those with a higher risk of 
complications such as perforation or gangrene 
[15,16]. 

Implications for Clinical Practice: The integration 
of laboratory markers like CRP and WBC, along 
with clinical scores and imaging, can enhance the 
accuracy of diagnosing acute appendicitis, 
potentially reducing the rate of negative 
appendectomies and improving patient outcomes. 
This integrated approach supports a more targeted 
use of resources and can decrease healthcare costs 
associated with unnecessary surgeries and 
prolonged hospital stays [17,18]. 

Limitations: The study is limited by its cross-
sectional design and the relatively small sample size, 
which may affect the generalizability of the results. 
Additionally, as a single-center study, the findings 
might not be applicable to different settings with 
varying patient demographics and healthcare 
facilities. 

Future Directions: Further studies involving larger, 
multi-center cohorts are warranted to validate and 
extend these findings. Additionally, prospective 
studies could explore the dynamic changes in CRP 
and WBC levels pre- and post-treatment to better 
understand their trajectories about treatment 
outcomes. This study confirms the utility of CRP 
and WBC as valuable components of the diagnostic 
process for acute appendicitis, especially when used 
in conjunction with clinical assessment tools and 
USG. This multi-faceted approach can significantly 
enhance diagnostic accuracy, ensuring timely and 
appropriate management for patients with acute 
appendicitis [19,20]. 
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Conclusion 

The study conclusively demonstrates that C-reactive 
protein (CRP) and white blood cell (WBC) counts 
when combined with clinical features and 
ultrasonography (USG) findings, significantly 
enhance the diagnostic accuracy of acute 
appendicitis. Elevated CRP, in particular, not only 
correlates strongly with the presence of appendicitis 
as determined by the Alvarado score and USG but 
also distinguishes between uncomplicated and 
complicated cases, thereby aiding in the decision-
making for surgical intervention. These findings 
suggest that a multidisciplinary diagnostic approach, 
integrating clinical assessment with targeted 
laboratory tests and imaging, can effectively reduce 
unnecessary surgeries and optimize patient 
outcomes, making it a valuable strategy in the 
management of acute appendicitis. 
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