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ABSTRACT 

Background: 

 It is estimated that accuracy of clinical diagnosis of acute appendicitis is only between 76 

percent and 92 percent. Parameters like outer diameter of appendix on ultrasonography, and 

biochemical parameters like raised CRP and hyperbilirubinemia helps to improve the 

accuracy of pre- operative diagnosis of acute appendicitis. Our objective is to compare the 

outer diameter of the inflamed appendix on ultrasonography, values of CRP and total serum 

bilirubin in complicated versus uncomplicated appendicitis. 

Methods: 

In our study 60 patients diagnosed to have acute appendicitis clinically were subjected to 

Ultrasonography, CRP and Total Serum Bilirubin.  Chi-square test and unpaired ‘t’ test were 

used to compare categorical and continuous variables respectively. Receiver operating 

characteristics (ROC) curve was used for different cut off points of appendicular diameter, 

CRP and total serum bilirubin. 

Results: 

In our study, maximum number of patients were in the 21 to 40 years age group accounting 

for 58.34% of total cases.  The mean total serum bilirubin in cases of uncomplicated 

appendicitis was 0.85 ± 0.39 mg/dl and in complicated appendicitis, it was 1.98 ± 0.55 mg/dl. 

The mean CRP in cases of uncomplicated appendicitis was 2.50 ± 1.86 mg/dl and in 

complicated appendicitis, it was 15.07 ± 7.28 mg/dl. The mean appendicular diameter in 
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uncomplicated appendicitis was 8.65±1.98 mm and in complicated appendicitis it was 10.07 

± 1.42 mm. Pre - operative total serum bilirubin and CRP values have higher sensitivity 

(95.24%) and specificity (84.61%) than appendicular diameter on USG in diagnosing 

complicated appendicitis. 

Conclusion: 

Use of biochemical parameters such as total serum bilirubin and CRP, radiological such as 

outer diameter of appendix on USG helps in diagnosing complicated appendicitis pre-

operatively 
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INTRODUCTION  

Acute appendicitis is the commonest cause of “acute surgical abdomen”. 
1,2.

 Appendicectomy 

is the most frequently performed urgent abdominal operation and is often the first major 

procedure performed by a surgeon in training. The clinical presentation of acute appendicitis 

varies from mild symptoms, like lower abdomen pain with associated fever to severe diffuse 

peritonitis and sepsis. The most common complaint is right lower quadrant abdominal pain. 

Associated fever and chills point more towards the involvement of sepsis. The diagnosis of 

Appendicitis still remains a dilemma in spite of advances in the radiological and laboratory 

investigations. Experienced clinicians accurately diagnose appendicitis based on a 

combination of history, physical examination and laboratory studies about 80% of the time.
3
 

Acute appendicitis is a common and urgent surgical illness with protean manifestations with 

frequent overlap with other clinical syndromes that results in significant morbidity. It is 

estimated that the accuracy of clinical diagnosis of acute appendicitis is lying between 76% 

and 92%
4 .

 

Despite intense research and discussion, the diagnosis of acute appendicitis is still difficult 

and remains perhaps the most common problem in clinical surgery. On the one hand normal 

appendix on appendicectomy represents misdiagnosis; on the other hand, a diagnostic delay 

of appendicitis may lead to perforation, peritonitis and septicaemia. In spite of careful 

clinical, laboratory and ultrasound examinations, the rates of removing non-diseased 

appendix and of appendiceal perforation remains at around 20% of all cases subjected to 

appendicectomy. No single sign, symptom or diagnostic test accurately makes the diagnosis 

of appendiceal inflammation in all cases. 

The surgeons goal is to evaluate a relatively small population of patients referred for 

suspected appendicitis and to minimize the negative appendicectomy rate without increasing 

the incidence of complications
5,6 

. 

As the incidence of perforation is usually proportional to the duration of disease process, 

traditional teaching has encouraged surgeons to operate even when the diagnosis is probable 

rather than wait until it is certain. The morbidity and mortality rates associated with 

appendicitis are greatly increased when perforation ensues; wound infection rates may treble, 
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intra-abdominal abscess formation increases 15-fold and mortality rates may be 50 times 

greater. 

 Thus, a surgeon confronting a patient suspected of having acute appendicitis is wedged 

between negative appendicectomy and perforation on the other hand. Diagnostic accuracy of 

acute appendicitis remains insufficient, with a high rate of unnecessary operations. Only the 

promotion of routine ultrasonography might contribute to an improvement in the near future.
7
  

Despite improvements in diagnostic methods, negative appendicectomy rates still remain 

between 10 and 30% in acute appendicitis. Cost-effective and easily applicable diagnostic 

methods with prompt results are required to reduce negative appendectomy rates. 

 Thus, improving the diagnosis of acute appendicitis in order to prevent unnecessary surgery 

is a critical topic that has been debated often and vigorously. The use of 3 laparoscopy, 

ultrasonography, and CT scanning has improved diagnostic accuracy, but these diagnostic 

approaches are not available in primary health care setting. However, diagnostic efficiency 

can be improved, and unnecessary surgeries can be prevented, by performance of an 

appropriately selected combination of laboratory tests combined with evaluation of clinical 

symptoms
6
 .  

Parameters such as the diameter of the appendix of ultrasonography have been considered to 

have very high sensitivity and specificity in diagnosing cases of complicated appendicitis. 

Elevated levels of C-reactive protein have a good predictive value for diagnosing cases of 

gangrenous appendicitis. Recent studies have also demonstrated that elevated levels of serum 

bilirubin in patients diagnosed with acute appendicitis have a predictive potential for the 

diagnosis of appendiceal perforation
8,9 

. In this study, we would like to use parameters such as 

measuring outer diameter of appendix on ultrasound, and biochemical investigations such 

measuring CRP levels and total serum bilirubin in establishing a clinical diagnosis of 

complicated or uncomplicated appendicitis and comparing it with intra-operative findings to 

improve the accuracy of pre- operative diagnosis of acute appendicitis 

 OBJECTIVES OF THE STUDY: 

1. To compare the outer diameter of the inflamed appendix on ultrasonography and values of 

CRP and total serum bilirubin in complicated versus uncomplicated appendicitis. 

2. To pre-operatively predict complicated appendicitis based on the  above parameter values. 

MATERIALS AND METHODS:  

This study was carried out in the Department of General Surgery, in association with 

Department of Radiology, Karnataka Institute of Medical Sciences, Hubballi. Patients 

admitted in General Surgery Department with diagnosis of acute appendicitis and/or its 

complication undergoing open appendicectomy were studied in the study period.  

INCLUSION CRITERIA  

Patients diagnosed as acute appendicitis clinically and with confirmation on  

ultrasound undergoing open appendicectomy  
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EXCLUSION CRITERIA  

Patients being treated conservatively for acute appendicitis  

Patients with age less than 12 years  

Patients under psychiatric treatment  

Patients with acute or chronic liver diseases and alcoholics with decompensated chronic liver 

disease  

Patients with other conditions causing elevation of CRP  

Patients with COVID-19 positive status. 

 

SAMPLE SIZE:  

Sample is calculated to estimate the proportion of complicated appendicitis among all 

appendicitis undergoing operative management. 

Based on hospital data proportion of complicated appendicitis among all appendicitis 

undergoing operative management was 0.45 (45%).  

To estimate the true proportion of complicated appendicitis among all appendicitis 

undergoing operative management within 15 percentage points with 95 % confidence we 

require a minimum of 43 cases of appendicitis undergoing operative management. A final 

total sample size of 60 acute appendicitis undergoing operative management was taken. 

METHOD OF COLLECTION OF DATA:  

The patients presenting to General Surgery Department and diagnosed to have acute 

appendicitis clinically are subjected to Ultrasonography where the confirmation of 

appendicitis and/or its complications is done. During ultrasonography the outer diameter of 

appendix is noted. Similarly, the blood investigations such as CRP and Total Serum Bilirubin 

is also collected pre-operatively.  

The operative findings are being classified into complicated appendix if any one of the 

following is noted:  

Perforation of Appendix  

Empyema or abscess formation  

Gangrenous appendix  

Faecal peritonitis  

Patients whose intra-operative findings did not conform under abovementioned criteria were 

classified as uncomplicated appendicitis. Institutional ethical committee clearance was 

obtained. Statistics were calculated based on master chart developed on Microsoft Excel and 

IBM SPSS software version 26. 
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RESULTS 

 

Table 1- Age group wise distribution among complicated and uncomplicated  

appendicitis 

In our study it was noted that maximum number of patients who underwent operative 

management of acute appendicitis and/or its complications were in 21-30 years age group 

(36.67%) followed by 31- 40 year age group (21.67%). Similarly, complicated appendicitis 

were high in 31 40 year age group (28.57%) whereas uncomplicated appendicitis were more 

seen in 21 30 year age group (51.28%). The mean ± standard deviation of age of our study 

population was 31.35 ± 11.07 years. 

GENDER DISTRIBUTION 

In our study, 41 participants were male and 19 were female. Complicated appendicitis was 

more in males as compared to females i.e., of the 21 complicated appendicitis, 16 were male 

(76.19%) and 5 were female (23.81%). 
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COMPARISON OF PARAMETERS  

 

 

Fig 1 - Graph showing comparison of mean total serum bilirubin in uncomplicated and 

complicated appendicitis 

 

 

Fig 2 - Graph showing comparison of mean CRP in uncomplicated and complicated 

appendicitis. 
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Fig 3 - Graph showing comparison of mean appendicular diameter in uncomplicated 

and complicated appendicitis 

 

Table 2 - Correlation between preoperative parameters and intraoperative findings 

As depicted in the above table, mean total serum bilirubin, mean CRP values and mean 

appendicular diameter on USG were significantly higher in patients with complicated 

appendicitis as compared to patients with uncomplicated appendicitis with p-value significant 

(<0.05). 

Using the above statistics, we have determined the cut-off value for each of the parameters 

using ROC curve. Using those values, we have determined sensitivity, specificity, PPV and 

NPV in cases of complicated appendicitis. 
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DIAGNOSTIC CORRELATION OF TOTAL SERUM BILIRUBIN 

 

 

Fig 4 - Receiver operating characteristics (ROC) curve for Total serum bilirubin as a 

predictor of complicated appendicitis. 

Cut-off for Total serum bilirubin based on ROC curve is >1.05 mg/dl.  

Based on the cut-off obtained, out of the 60 participants 26(43.33%) had values higher than 

1.05mg/dl and 34 (56.67%) had values less than the cut-off. In 21 patients with complicated 

appendicitis, Total serum bilirubin was > 1.05mg/dl in 20(95.24%) of them. Similarly in 39 

patients with uncomplicated appendicitis, total serum bilirubin was <1.05mg/dl in 

33(84.62%) patients.  

The area under the ROC curve with 95% CI = 0.937 and the p-value is < 0.00001. The cut-off 

(> 1.05 mg/dl) of total serum bilirubin by ROC has relatively high sensitivity (95.24%) and 

specificity (84.61%) in predicting the incidence of complicated appendicitis. 
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Table 3 Diagnostic correlation of Total serum bilirubin 

 

Fig 5 - Graph showing correlation of Total serum bilirubin according to cut-offs 
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DIAGNOSTIC CORRELATION OF C- REACTIVE PROTEIN 

 

Fig 6 - Receiver operating characteristics (ROC) curve for CRP as a  

predictor of complicated appendicitis. 

 

Cut-off for CRP based on ROC curve is >4.65 mg/dl.  

Based on the cut-off obtained, out of the 60 participants 26(43.33%) had values higher than 

4.65 mg/dl and 34 (56.67%) had values less than the cut-off.  

In 21 patients with complicated appendicitis, CRP was > 4.65 mg/dl in 20(95.24%) of them. 

Similarly in 39 patients with uncomplicated appendicitis, CRP was <4.65mg/dl in 

33(84.62%) patients.  

The area under the ROC curve with 95% CI = 0.969 and the p-value is < 0.00001. The cut-off 

(>4.65 mg/dl) of CRP by ROC has relatively high sensitivity (95.24%) and specificity 

(84.61%) in predicting the incidence of complicated appendicitis. 
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Table 4- Diagnostic correlation of C-Reactive protein 

 

Fig 7 - Graph showing correlation of CRP according to ROC cut-offs 
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DIAGNOSTIC CORRELATION OF OUTER DIAMETER OF APPENDIX ON  

USG 

 

Fig 8 - Receiver operating characteristics (ROC) curve for appendicular diameter on 

USG as a predictor of complicated appendicitis. 

Cut-off for outer diameter of appendix on USG based on ROC curve is >8.9mm.  

Based on the cut-off obtained, out of the 60 participants 32(53.33%) had values higher than 

8.9 mg/dl and 28 (46.67%) had values less than the cut-off.  

In 21 patients with complicated appendicitis, outer diameter of appendix on USG was > 

8.9mm in 18(85.71%) of them. Similarly in 39 patients with uncomplicated appendicitis, 

outer diameter of appendix on USG was <8.9mm in 25(64.10%) patients.  

The area under the ROC curve with 95% CI = 0.757 and the p-value is 0.000225. The cut-off 

(>8.9 mm) of outer diameter of appendix on USG by ROC has sensitivity of 85.71% and 

specificity of 64.10% in predicting the incidence of complicated appendicitis. 
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Table 5 Diagnostic correlation of Outer diameter of Appendix on USG 

 

Fig 9 - Graph showing correlation of Outer diameter of Appendix on USG according to 

ROC cut-offs 
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ROC COMPARING THREE PARAMETERS 

 

Fig 10 - ROC curve comparing all three parameters 

 

 

Table 6 Sensitivity, Specificity, PPV, NPV of various parameters 

Based on the above obtained statistics, sensitivity and specificity of pre-operative total serum 

bilirubin and CRP are 95.24% and 84.61% respectively for determining complicated 

appendicitis, which are statistically higher. Whereas outer diameter of appendix on USG had 

much lesser sensitivity of 85.71% and specificity of 64.1%.  

However positive predictive value is higher for appendicular diameter on USG and negative 

predictive value is higher for both CRP and total serum bilirubin. 
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Therefore, appendicitis suspected patients with values of CRP and total serum bilirubin below 

cut-off values are unlikely to have complicated appendicitis. 

DISCUSSION  

Acute appendicitis remains the world's most frequent surgical condition in the emergency 

room, with a lifetime risk of 7%. The management of acute appendicitis remains an ongoing 

problem for surgeons since 50 percent of patients have atypical symptoms. Acute appendicitis 

diagnosis is based on the medical history of the condition, clinical evaluation, and lab 

investigations. For early and correct preoperative diagnosis, acute appendicitis always poses a 

mysterious challenge. For this case, delay in diagnosis and surgery may contribute to multiple 

complications such as appendicular perforation, intestinal abscess, small bowel obstruction, 

and peritonitis, triggering a rise in patient morbidity and even mortality. Too vigorous 

surgical action, on the other hand, may lead to an increased incidence of negative 

appendectomies. A negative appendectomy average of 20-30 % has been widely recognized.  

In our study, maximum number of patients were in the 21 to 40 years age group accounting 

for 58.34% of total cases taken with male preponderance 2:1. This is in accordance with 

various studies conducted in the past which show acute appendicitis being common in 2nd to 

4th decade of life but with slighter less male preponderance of 1.2 to 1.5:1 26-28. The mean ± 

standard deviation of age of our study population was 31.35 ± 11.07 years. 

Similarly, the incidence of complicated appendicitis was more common in males as compared 

to females (3:1). Complicated cases of appendicitis were high in 31- 40year age group 

(28.57%) whereas uncomplicated cases of appendicitis were more seen in 21- 30 year age 

group (51.28%).  

TOTAL SERUM BILIRUBIN AND COMPLICATED APPENDICITIS  

In our study, the mean total serum bilirubin of all the appendicitis cases was 1.25 ± 0.71 

mg/dl which is more than the usually considered normal value(1.2mg/dl).  

However, the mean total serum bilirubin in cases of uncomplicated appendicitis was 0.85 ± 

0.39 mg/dl and in complicated appendicitis, it was 1.98 ± 0.55 mg/dl.  

As determined earlier, cut-off of 1.05 mg/dl yielded high sensitivity and specificity in 

determining complicated appendicitis.  

This in accordance with studies conducted by Sand et al64 and Chaudhary et al.9, who 

reported that serum bilirubin should be added to the list of preoperative investigations as they 

do have a predictive potential for diagnosing appendiceal perforation. Many studies have 

reported that a raised serum bilirubin level is a good indicator of complicated acute 

appendicitis and should be included in the assessment of patients with suspected complicated 

acute appendicitis.  
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Studies 

  

Cut-off value(mg/dl) Sensitivity Specificity 

Sand et al  1 70% 86% 

Khan
10

 1.09 - 100% 

Chaudhary et al  2.1 100% 92.90% 

Present study  1.05 95.24% 84.61% 

Table 7- Comparison between various studies for total serum bilirubin in  

complicated appendicitis 

 

C-REACTIVE PROTEIN AND COMPLICATED APPENDICITIS  

In our study, the mean CRP of all the appendicitis cases was 6.91 ± 7.53mg/dl.  

However, the mean CRP in cases of uncomplicated appendicitis was 2.50 ± 1.86 mg/dl and in 

complicated appendicitis, it was 15.07 ± 7.28 mg/dl.  

As determined earlier, cut-off of 4.65 mg/dl yielded high sensitivity and specificity in 

determining complicated appendicitis.  

CRP has been established as one of the serum markers in identifying inflammatory process in 

the body and extensive studies have been noted regarding the raised CRP levels during acute 

appendicitis. Recently many studies including Chaudary et al, Beltran et al and Parekh et al 

have noted proportional increase in CRP levels in complicated appendicitis especially in 

perforated appendicitis.  

 

Studies  Mean CRP (mg/dl) Sensitivity Specificity 

Kaser et al
11

   14 98% 28% 

Kim et al
12

  11.47 78% 90% 

Chaudhary et al
9 

 

16.82 100% 95.20% 

Parekh et al
13 

6.6 94% 90.90% 

Present Study  15.07 95% 84.61% 

Table 8 - Comparison between various studies for CRP in complicated appendicitis 

OUTER DIAMETER OF APPENDIX ON USG AND COMPLICATED  

APPENDICITIS  

The most sensitive sign on USG is a non-compressible appendix with a diameter of 7 mm or 

greater. In our study, the mean appendicular diameter of all the cases was 9.14±1.93 mm.  

However, the mean appendicular diameter in uncomplicated appendicitis was  

8.65±1.98 mm and in complicated appendicitis it was 10.07 ± 1.42 mm. Kinyas et al. in their 

retrospective study compared the outer diameter of the appendix in non-complicated acute 
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appendicitis and complicated acute appendicitis. They reported that the diameter of the 

vermiform appendix was 6.9 mm (± 4.08 mm) and 7.6 mm (± 3.92 mm) in non-complicated 

and complicated appendicitis respectively which was statistically significant (p value < 0.01). 

Lin et al. also concluded that the appendiceal diameter was larger in patients with ruptured 

appendicitis than in those with simple appendicitis (p < 0.001).  

Studies  Cut -off value (mm) Sensitivity Specificity 

Kinyas et al
14

  7.2 68.22% 71.79% 

Kim et al
12

  10 73% 53% 

Parekh et al
13 

7.95 86.10% 88.60% 

Present study  8.95 85.71% 64.10% 

Table 9 - Comparison between various studies for outer diameter of appendix USG in 

complicated appendicitis 

 

 CONCLUSION 

Diagnosis of Appendicitis still remains a dilemma in spite of the advances in various 

laboratory and radiological investigations.  

From our study we would like to conclude that use of biochemical parameters such as total 

serum bilirubin and CRP, radiological such as outer diameter of appendix on USG with 

clinical acumen helps in diagnosing complicated appendicitis pre-operatively.  

Hyperbilirubinemia and raised CRP pre-operatively directs more towards complicated 

appendicitis which in turn helps in further operative management and post-op care. 
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