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INTRODUCTION 

 Appendicitis is an inflammation of appendix vermiformis. 

Appendices vermiformis arises from caecum on the posteromedial aspect at 

around 2cm below the terminal ileum. It is seen almost exclusively in 

humans and higher primates. Occasionally it may be absent in humans.  

 Acute appendicitis is one of the most common surgical emergencies 

encountered worldwide. In many instances, it causes a diagnostic dilemma 

among clinicians. Early and accurate diagnosis of acute appendicitis is often 

necessary which decreases the mortality and morbidity in the patients.  

 Recent advances in imaging and laboratory studies have helped 

clinicians to diagnose appendicitis at an earlier stage of presentation. 

However, there are instances where the diagnosis of acute appendicitis is 

inconclusive. Negative appendicectomy rates have been reported to be as 

high as 15% - 20 % in the literature.  

 C reactive protein has been showed to be an emerging marker in 

predicting the severity of acute appendicitis. A comprehensive history with 

detailed clinical examination, scoring systems like Alvarado score, RIPASA 

score, Appendicitis Inflammation Response Score along with imaging 

modalities and laboratory investigations like Total Count, Differential 

Count, C reactive protein aids in the early diagnosis of acute appendicitis. It 

also decreases the rate of negative appendicectomies thereby reducing 

unwarranted surgical intervention.  
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REVIEW OF LITERATURE 

HISTORICAL NOTE 

Name Year Advancement 

Leonardo da Vinci 1492 

Showed appendix in drawings and called it 

"orecchio" (little ear); published in the 18th 

century 

Berengario da Carpi 1521 The first person to describe the appendix 

Andreas Vesalius 1543 

Showed the appendix in a drawing but did not 

describe it in the text 

Jean Fernel 1544 An early description of appendicitis 

Lorenz Heister 1711 

Unequivocal description of a perforated 

appendix with abscess formation 
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Name Year Advancement 

Giovanni Battista 

Morgagni 

1719 

First detailed anatomic description of the 

appendix 

Claudius Amyand 1736 Performed the first appendectomy 

Mestivier 1759 

Described perforation of the appendix by a pin; 

considered perforation the cause of the abscess; 

the second unequivocal case identifying 

appendix as the site of disease 

John Hunter 1767 Described gangrenous appendix at autopsy 

John Parkinson 1812 

Described autopsy findings of a 5-year-old 

child with a perforated appendix containing a 

fecalith 

Goldbeck 1830 

Described acute suppurative appendicitis but 

said the cause was irritation of cecum; first use 

of term "perityphlitis" 

Thomas Addison and 

Richard Bright 

1839 

Described symptomatology of appendicitis; 

stated that appendix was the cause of many or 

most of the inflammatory processes of the right 

iliac fossa 
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Name Year Advancement 

A. Grisolle 1839 

Advocated drainage of abdominal abscesses 

following watchful waiting until fluctuation 

Charter-Symonds 1885 Extraperitoneal removal of fecalith 

Reginald Heber Fitz 1886 

Advocated early surgical removal of acute 

appendix; first used term "appendicitis" 

Edward R. Cutler 1887 

Performed one of the first "clean" unruptured 

appendectomies; reported in 1889 

Charles McBurney 

June 

1894 

Presented "gridiron incision" (McBurney's 

incision) to Chicago Medical Society (CMS) 

A.J. Ochsner 1902 

Advocated nonoperative treatment to localize 

spreading peritonitis 

John B. Murphy 1904 Reported 2000 appendectomies without death 

Arthur Rendle Short 1925 

Investigated appendicitis as "a disease of 

Western civilization," low-fiber diet 

A.J.E. Cave 1936 

Described appendiceal duplications and 

abnormalities 

D.C. Collins 1951 Described agenesis of the appendix 
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Name Year Advancement 

Skandalakis et al. 1962 

A collective review of cases of smooth muscle 

tumors of the colon and appendix as reported in 

the world literature 

E. Higa et al. 1973 

Described proliferative epithelial tumors of 

appendiceal mucosa 

de Kok 1977 

Laparoscope-aided appendectomy with mini-

laparotomy 

Semm 1983 Laparoscopic appendectomy 
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EMBRYOLOGY 

The appendix is a midgut organ. The appendix is the terminal portion 

of the embryonic cecum. The appendix becomes distinguishable by its 

failure to enlarge as fast as the proximal cecum. At 8 weeks of gestation, It 

is identified as a small outpouching of the cecum. When cecum rotates 

medially, the Appendix becomes more elongated and tubular and the origin 

of the appendix shifts medially toward the ileocecal valve. It becomes fixed 

in the right lower quadrant of the abdomen.  

 

 

 

 

 

 

Fig 1: Embryology of Appendix 

 Cross sectionally appendix is circular until the 12th week 

 Villi are seen in the fourth and fifth months and they disappear before 

birth. 

 By the 7th month, Lymph nodules appear in the wall of the appendix 

which increases till puberty. 
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Congenital Anomalies of Appendix 

Absent Appendix 

 The absence of the appendix was first reported by Morgagni
40

. 

 The absence of both absent appendix and cecum has been reported. 

The absence of the appendix may be due to failed formation in the 

eighth week
41,42

. 

Ectopic Appendix 

The ectopic appendix has been noted in thorax along with malrotation 

and diaphragmatic defect by Fawcitt
43

, in the lumbar area by Babcock
44

, in 

the posterior cecal wall without serous coat by Abramson
45 

Left-Sided Appendix 

Four conditions causing a left-sided appendix are 

1. Situs inversus viscerum
46

 

2. Nonrotation of the intestines 

3. Wandering cecum with a long mesentery 

4. Excessively long appendix crossing the midline. 

If the cecum and appendix are not in the right iliac fossa, the right 

paravertebral gutter and the right subhepatic space should be searched. 

Duplication of Appendix 

Three types of duplication of appendix
47

 commonly seen are 

1. Double-barreled appendix 

2. Bird-type paired appendix 

3. Taenia coli-type duplication 
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Fig 2: Cave and Walbridge Classification of Duplication of Appendix 

 

Classification of Duplication was done by Cave
48

  and Wallbridge
49

.  

1. Wallbridge type A anomaly. Single cecum and partial duplication of 

the appendix with a single base.  

2. Wallbridge type B1 anomaly. Two completely separate appendices 

arising from a single cecum and are disposed on either side of the 

ileocecal valve. 

3. Wallbridge type B2 anomaly. The second appendix is usually found 

arising from the taenia coli of the wall of the cecum.   

4. Wallbridge type C anomaly. The double cecum, each with its 

appendix  
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MICROSCOPIC ANATOMY 

 

 

 

 

 

 

Fig 3: Histology of Appendix 

 

 The mucosa is lined by columnar epithelium, neuroendocrine cells, 

and goblet cells. 

 The submucosa contains Lymphoid tissue. 

 Appendix also contains good bacteria that help in recolonization and 

sustenance of normal colonic flora. 

  



 

10 

ANATOMY 

The appendix varies from a length of 2 to 20 cm with an average of 9 

cm. It is longer in children than in adults. The diameter is about 5 mm.  At 

birth, the appendix is short and broad at its junction with the caecum, but 

differential growth of the caecum produces the typical tubular structure by 

about the age of 2 years. 

  During childhood, the continued growth of the caecum commonly 

rotates the appendix into a retrocaecal but intraperitoneal position. When 

rotation of the appendix does not occur, it results in a pelvic, subcaecal or 

paracaecal position. Sometimes the tip of the appendix becomes 

extraperitoneal, lying behind the caecum or ascending colon. When the 

caecum does not migrate during development to its normal position 

appendix can be found near the gall bladder. 

 

 

 

 

 

 

 

Fig 4: Anatomy of Appendix 
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Fig 5: Anatomy of Appendix – Cut Section  

 

  In intestinal malrotation, the appendix is present in the left iliac fossa, 

causing diagnostic difficulty if appendicitis. 

The lumen of the appendix is quite narrow and may be obliterated 

after mid-adult life. Appendicular Orifice is situated on the posteromedial 

aspect of the caecum 2 cm below the ileocaecal orifice. The appendicular 

orifice is occasionally guarded by an indistinct semilunar fold of mucous 

membrane, known as 'valve of Gerlacti. The orifice is marked on the surface 

by a point situated 2 cm below the junction of the trans-tubercular and right 

lateral planes. McBurney's point is the site of maximum tenderness in 

appendicitis which is at one-third of the distance from the line joining the 

right anterior superior iliac spine to the umbilicus 
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PARTS OF THE APPENDIX 

The three parts of the appendix are, 

o Base 

o Body  

o Tip 

1. Base: 

 The base of the appendix is attached along the caecum on its poster 

medial wall, 2 cm below the ileocaecal junction. The three tenure of the 

caecum meets at the base. It serves as an anatomic landmark to identify the 

appendix during surgery.  

2. Body: 

 The body of the appendix is between the base and the tip which is 

long, narrow and tubular. 

3. Tip: 

 The tip may be pointing in several directions. It is the blind distal end 

of the appendix. It is the area of the least blood supply. 

Mesoappendix 

The appendix is suspended by a small, triangular fold of peritoneum, 

called the mesoappendix, or appendicular mesentery. The fold passes 

upwards behind the ileum and is attached to the left layer of the mesentery. 
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Positions 

Based on the direction of the tip of the appendix, the position of the 

appendix is described. 

                 

Fig 6: Position of Appendix 

 

The positions of appendix
50 

Paracolic - The appendix may pass upwards and to the right at 11 

o'clock position. 

Retrocecal - It may lie behind the caecum or colon at the 12 o'clock 

position. This is the commonest position of the 

appendix 
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Splenic - The appendix may pass upwards and to the left 

pointing towards the spleen at 2 O'clock position. 

Preilieal - The appendix may lie in front of the ileum 

Post illegal - The appendix may lie behind the ileum 

Promontric - It may pass horizontally to the left pointing to the 

sacral promontory at 3 O'clock position. 

Pelvic - It may descend into the pelvis called pelvic at 4 

O'clock position. This is the second most common 

position. 

Sub Caecal - It may lie below the caecum and may point towards the 

inguinal ligament at the 6 o'clock position. 

 

  



 

15 

Blood Supply 

The appendicular artery is a branch of the ileocolic artery
51

. It runs 

behind the terminal part of the ileum and enters the mesoappendix at a short 

distance from its base where it gives a recurrent branch which anastomoses 

with a branch of the posterior caecal artery.  

 

Fig 7: Blood Supply of Appendix  

The main artery runs towards the tip of the appendix lying in the free 

border of the mesoappendix. Venous drainage is via appendicular, ileocolic 

and superior mesenteric veins, to the portal vein
52

.
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Nerve Supply 

Sympathetic nerves are derived from thoracic nine and ten segments 

through the coeliac plexus. Parasympathetic nerves are derived from the 

vagus. Referred pain of appendix is felt at the umbilicus, similar to that of 

small intestine and testis. 

Lymphatic Drainage 

 Most of the lymphatics pass directly to the ileocolic nodes, but a few 

of them pass indirectly through the appendicular nodes situated in the 

mesoappendix. 

 

 

 

 

 

 

 

 

 

 

 

Fig 8: Lymphatic Drainage of Appendix 
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ACUTE APPENDICITIS 

Inflammation of the appendix is a significant public health problem 

with the highest incidence occurring in the second and third decades of life. 

While the rate of appendectomy in developed countries has decreased over 

the last several decades, it remains one of the most frequent emergent 

abdominal operations. 

 

Etiology 

 Most commonly seen in young males  

 It is more prevalent in white races 

 Fiber-rich diet acts as a protective factor 

 Epidemic appendicitis - More common in May and August- 

seasonal variation 

 Viral infection causing mucosal edema and inflammation followed 

by infection of bacteria causing appendicitis 

 Obstructive appendicitis due to fecolith, roundworms, foreign 

body causing luminal obstruction 

 Distal colonic obstruction 

 Carcinoma caecum and ileocaecal Crohn's disease-causing 

adhesion and kinking of appendix leading to appendicitis 
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ORGANISMS RESPONSIBLE 

• E.coli (85%) - Most common organism causing appendicitis 

• Enterococci (30%) 

• Streptococci 

• Anaerobic streptococci 

• Clostridium welchii 

• Bacteroides 

 

Pathogenesis 

 Infection superimposed on luminal obstruction is thought to be the 

cause of acute appendicitis. The most common causes of luminal 

obstruction are Fecolith, lymphoid hyperplasia, stricture, tumor. Following 

obstruction, intraluminal pressure increases due to continuous mucus 

secretion and inflammatory exudation, obstructing lymphatic drainage. With 

the development of bacterial translocation to the submucosa, Oedema and 

mucosal ulceration develop. In response to antibiotic therapy or either 

spontaneously, resolution may occur at this point.  

 On further progression, appendicular distention causes ischemia of 

the appendix wall and venous obstruction. This leads to bacterial 

translocation into the muscularis propria and submucosa, which causes 

acute appendicitis. When left untreated, the ischemia progresses to gangrene 

leading to peritoneal contamination with bacteria 
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 In several instances, greater omentum which is called the policeman 

of the abdomen covers the area of infective foci, wraps around the infected 

inflamed appendix forming an appendicular mass or Appendicular abscess
1
. 

 The normal colonic flora is seen in the normal appendix. Escherichia Coli 

and Bacteroides fragilis are commonly seen in infective appendicular 

pathologies. 

 

Catarrhal Appendicitis  

 Catarrhal appendicitis starts with inflammation of mucosa and 

submucosa. Initial stages of catarrhal appendicitis present as an externally 

normal-looking appendix or with minimal hyperemia with edema of the 

mucosal wall. As the disease progresses, hemorrhagic infarcts occur. Serosa 

thickens and is covered with inflammatory exudates. The appendix becomes 

swollen. However luminal potency is maintained except in cases of 

hyperplasia of lymphoid follicles where gangrene ensues due to luminal 

obstruction. Resolution of an episode of catarrhal appendicitis can lead to 

adhesion and twisting of the appendix causing appendicitis
1
. 

 

Obstructive Appendicitis  

  Obstruction of lumen of the appendix by facecloth or other foreign 

bodies can lead to obstructive appendicitis. The luminal obstruction causes 

distention of the appendix with mucus and bacterial overgrowth. This leads 

to increased intraluminal pressure causing mucosal atrophy and bacterial 
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transmigration. As the disease progresses, small vessels supplying 

appendicular wall become thrombosed and gangrene with a perforation at 

the tip of the appendix along the antimesenteric border ensues  

 The most common causes of luminal obstruction are faecolith which is less 

than 2cms in size, ovoid in shape and occasionally seen in an abdominal x-

ray. Other causes are roundworms and food debris.   

 The appendix can be strangulated in the hernial sac leading to 

obstructive appendicitis.  

 Appendicular perforation leads to the development of either a 

localized right iliac fossa collection, pelvic collection or sometimes diffuse 

peritonitis.  

 

Gangrenous Appendicitis 

 It is a dangerous type of appendicitis which occurs mostly when the 

appendix is in retrocaecal position. It has a high propensity to produce a 

localized abscess.   

 

Recurrent appendicitis: 

 Recurrent appendicitis occurs in intermittent luminal obstruction. 

When the lumen obstructs, increased intra luminal pressure causes the 

elimination of the obstruction. It can cause adhesions, fibrosis and recurrent 

right iliac fossa pain. 
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Subacute appendicitis: 

 Subacute appendicitis occurs secondary to partial luminal obstruction. 

It is the milder form of appendicitis with the slow progression of symptoms. 

It is usually treated with antibiotics following which laparoscopic 

appendicectomy can be planned. 

 

Stump appendicitis: 

 Stump appendicitis is defined as recurrent inflammation of the 

retained long stump of the appendix where the appendix was partially 

removed following appendicectomy.  
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CLINICAL DIAGNOSIS 

History 

Eliciting an accurate history from the patient or family along with 

classic signs of appendicitis like migratory pain in right iliac fossa will help 

in clinching the diagnosis of acute appendicitis. Inflammation results in 

anorexia, nausea, vomiting, and fever, ileus, diarrhea, small bowel 

obstruction, and hematuria. Other etiologies of abdominal pain should be 

ruled out with detailed pertinent negative history. 

 

Physical Examination 

Most patients lay quite still due to parietal peritonitis. They generally 

have a low-grade fever and demonstrate focal tenderness with guarding. 

With an anatomically normal appendix, the point of maximal tenderness 

will be in McBurney’s point, which is at the one-third distance from the 

anterior superior iliac spine to the umbilicus.  
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Signs in Appendicitis 

Rovsing’s sign 

 Pain in the right lower quadrant after the release of gentle pressure on 

the left lower quadrant (Crossed Tenderness). 

 

Dunphy’s sign 

 Pain in right iliac with coughing is called Dunphy's sign 

 

Obturator sign 

 Pain with internal rotation of the hip which is commonly noted in the 

pelvic appendix. 

 

Iliopsoas sign 

 Pain with flexion of the hip in retrocecal appendix. Besides, pain with 

rectal or cervical examinations is also suggestive of pelvic appendicitis. 

 

Blumberg’s sign 

 Blumberg's sign is pain on the removal of pressure to the right iliac 

fossa after slow compression. It signifies localized peritoneal irritation. 
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Laboratory Findings: 

Total White blood cells count: 

One of the important features of acute appendicitis is poly morpho 

leukocytosis. Patients with acute appendicitis have leucocytosis in the range 

of 10000 cells/cu mm. In the case of gangrenous and perforated 

appendicitis, it may be as high as 17000 cells/cu mm.   

 

Neutrophilia 

 In acute appendicitis and appendicular perforation, appendicular 

gangrene there is an increase in neutrophil count. 

  

C-reactive protein CRP 

 CRP is an acute-phase reactant, which appears in the sera of 

individuals in response to appendicitis. In inflammatory appendicular 

pathologies, CRP is usually more than 10mg/L. Four to a fivefold elevation 

of CRP is seen in appendicular perforation and abscess 

 

Imaging 

 Imaging is often utilized to confirm a diagnosis of appendicitis. 

Routine use of cross-sectional imaging aids in reducing the rate of negative 

laparotomies, especially in whom a diagnosis of appendicitis is unclear or at 

high risk from operative intervention and general anesthesia.  
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Plain X-ray of the Abdomen 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig 9: X-ray abdomen erect AP - Showing appendicolith  

 

 Plain x-ray abdomen helps in identifying free gas in the abdomen. 

Occasionally appendicolith may be visible in 10-15% of patients of 

appendicitis. Displacement of cecal gas with mural thickening may be seen 

in the presence of inflammatory phlegmon. 
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Ultrasound: 

 Ultrasonography has a sensitivity of 0.85 and a specificity of 0.90
14

. 

Ultrasound is cheaper and more readily available than the CT scan, and it 

does not expose patients to ionizing radiation. 

The anteroposterior diameter of the appendix is identified by using 

Graded compression ultrasonography. An easily compressible appendix of 

<5 mm diameter generally rules out appendicitis. Sonological features 

suggestive of appendicitis include a diameter of greater than 6 mm, pain 

with compression, presence of an appendicolith, increased echogenicity of 

the fat, and periappendiceal fluid
15

. However, ultrasound is user-dependent 

and has limited utility in obese patients. Further, graded compression is 

usually painful for patients with peritonitis. 

 

 

 

 

 

 

 

 

Fig 10.Ultrasound abdomen – Acute Appendicitis with Appendicolith  
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CT Scan  

A contrast-enhanced CT scan has a sensitivity of 0.96 and specificity 

of 0.96 in diagnosing acute appendicitis
16,17

. Features on a CT scan that 

suggest appendicitis include enlarged lumen and double wall thickness 

greater than 6 mm, wall thickening greater than 2 mm, periappendiceal fat 

stranding, appendiceal wall thickening, with an appendicolith.  

 

Fig 11. CT Abdomen - Acute Appendicitis with Appendicolith 

 

The only concern with a CT scan is ionizing radiation exposure for 

which typical low-dose CT scans may be used. Intravenous contrast is 

generally preferred in these studies, but it can be avoided in patients with 

allergies or low EGFR. Several meta-analyses have suggested that a CT 

scan is more sensitive and specific than ultrasound in diagnosing 

appendicitis.  
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MRI  

 MRI of the abdomen has a sensitivity of 0.95 and specificity of 0.92 

for the identification of acute appendicitis
18

. MRI is an expensive test that 

requires significant expertise to perform and interpret and is usually 

recommended in pregnant and pediatric patients. 

Fig 11. MRI Abdomen - Acute Appendicitis with Appendicolith 
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Differential Diagnosis 

  Obtaining an antecedent history of a viral infection and a cervical 

exam in women is essential before planning any intervention. Acute 

mesenteric adenitis, acute gastro enteritiscecal diverticulitis, Meckel’s 

diverticulitis, acute ileitis, Crohn’s disease, acute pelvic inflammatory 

disease, gastroenteritis, torsion of ovarian cyst or Graafian follicle, 

mittelschmerz, and ectopic pregnancies. 

 

Pseudo Appendicitis 

 Yersinia enterocolitica is the most common cause of pseudo 

appendicitis. Growth of the bacteria is in the terminal ileum of the humans 

which progresses to mesenteric lymph nodes causes mesenteric 

lymphadenitis. This causes right iliac fossa pain which mimics appendicitis. 
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MANAGEMENT OF APPENDICITIS  

Uncomplicated Appendicitis 

The preferred approach is an appendectomy. Currently, conservative 

management is not the standard modality of management of appendicitis, 

except in patients with a significant phobia of surgery.
19

  

 

Timing of Surgery  

Emergent surgery is often performed in patients with appendicitis. 

Currently, delaying surgery less than 12 hours is acceptable in patients with 

short duration of symptoms less than 48 hours and nonperforated, 

nongangrenous appendicitis. 

 

The Approach to Surgery. 

Laparoscopic appendectomy results in a shorter length of stay, faster 

return to work, and lower superficial wound infection rates, especially in 

obese patients
20,21

 Open appendectomy results in shorter operative times and 

lower intra-abdominal infection rates
22

. 

 

Complicated Appendicitis 

Perforated and gangrenous appendicitis and appendicitis with abscess 

or phlegmon formation are considered complicated conditions. More than 

80% of patients with perforated appendicitis present after 24 hours of onset. 

These patients are acutely ill and dehydrated and require resuscitation. 
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When left untreated, abscess in the right lower quadrant, retroperitoneal 

abscesses including psoas abscess, liver abscesses, fistulas, and 

pylephlebitis can also occur. 

Perforated appendicitis is managed by surgery. In septic patients, 

immediate surgery is necessary. However, it is usually associated with 

higher complications, including abscesses and enterocutaneous fistulae. 

The management of long-duration, complicated appendicitis is often 

staged with resuscitation, IV antibiotics, and adequate percutaneous image-

guided drainage.
23,24,25

 Interval Appendectomy is done in the majority of 

patients with perforated appendicitis where symptoms resolve with drainage 

and antibiotics.  
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OPERATIVE INTERVENTION 

Preoperative Preparation 

  Resuscitative efforts are important in patients who present with 

significant dehydration. The majority of patients can be taken to the 

operating room within a short interval.   

 Preoperative antibiotics must be administered at least 30 to 60 

minutes before skin incision. The choice of antibiotics includes cefoxitin, 

ampicillin/sulbactam, and cefazolin plus metronidazole for uncomplicated 

appendicitis. Clindamycin in combination with a fluoroquinolone, 

gentamicin, or aztreonam can be given in Patients with ß-lactam allergies  

  In patients with perforated appendicitis undergoing operative 

intervention, preoperative antibiotics are necessary to cover gram-negative 

bacteria and anaerobes. Monotherapy with piperacillin/tazobactam or 

combination of a cephalosporin with metronidazole is used. The duration of 

postoperative antibiotics is generally less than 4 days
27

 except in patients 

with incomplete drainage, persistent catheters, complications from surgery, 

and uncertain resolution of inflammation that might need a longer duration 

of antibiotics.  
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OPERATIVE TECHNIQUE 

Open Appendectomy 

Anesthesia: General anesthesia or regional anesthesia 

Incision 

 

Fig 12. Gridiron incision 

 

An imaginary line is drawn from the right anterior superior iliac spine 

to the umbilicus. At a point 3-4cm medial to the anterior spine, a line is 

drawn perpendicular to this line. About one-third of the incision should be 

above the imaginary line between the iliac spine and umbilicus and two-

thirds below this line. The average length of this incision is 6 cm. Other 

incisions used are Rocky-Davis incision - Transverse incision over 

McBurney’s point, Lower midline laparotomy incision - More appropriate 

for perforated appendicitis with a phlegmon. 
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Fig 13. Incision through External Oblique Aponeurosis 

The incision is deepened through the external oblique aponeurosis, 

along the line of its fibers. 

 

Fig 14. Splitting of Internal oblique aponeurosis 
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Then medial and lateral leaves of the external oblique aponeurosis are 

elevated from the underlying muscle and separated between retractors. Then 

Kelly hemostat is inserted to separate the muscle fibers of the internal 

oblique and underlying transversus muscle at the level just below the level 

of the anterosuperior iliac spine into the thin fascia of the internal oblique 

muscle.    

 

Fig 15. Enlargement of Incision  

 

The incision is enlarged by using either two Kelly hemostats or both 

index fingers to insert small Richardson retractors. The peritoneum lateral to 

the rectus muscle is elevated between two hemostats and an incision is made 

into the peritoneal cavity.  
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Fig 16. Opening of Peritoneal Cavity  

 

The incision is sufficiently enlarged to insert Richardson retractors 

into the peritoneal cavity and the anterior wall of the cecum is grasped with 

a moist gauze pad. 

 

Fig 17. Grasping anterior wall of Caecum  
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With the cecum partially exteriorized, the appendix is identified. If 

the appendix cannot be seen, exploration with the index finger may reveal 

an inflammatory mass consisting of inflamed appendix and mesoappendix. 

If this palpatory maneuver is not successful in locating the appendix, the 

taenia on the anterior wall of the cecum is followed in a caudal direction. 

This leads to the base of the appendix, which can then be grasped in a 

Babcock clamp. A second Babcock clamp is applied to the tip of the 

appendix and delivered into the incision. 

 

Division of Mesoappendix 

 

Fig 18. Division of Mesoappendix   

 

The mesoappendix is divided between serially applied hemostats and 

ligated each with 2-0 or 3-0 vicryl until the base of the appendix has been 

dissected free. 



 

38 

Ligation of Appendiceal Stump 

 

Fig 19. Transection of Appendix   

 

The tip of the appendix is held in a Babcock clamp and the base is 

double ligated with 2-0 vicryl or chromic catgut at a point 4-6 mm from the 

cecum. A straight hemostat is applied to the appendix 1 cm distal to the 

ligature. Then the appendix is transected with a scalpel 5-6 mm distal to the 

ligature and the specimen is removed.  
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Fig 20. Visualization of Appendiceal Stump  

 

The appendiceal stump is visualized for bleeding and is returned to 

the abdominal cavity 

 

Closure of Incision 

 

Fig 21. Closure of Peritoneum   
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 The right lower quadrant and pelvis are irrigated with a dilute 

antibiotic solution and four hemostats are applied to the cut ends of the 

peritoneum which is closed with continuous 3-0 atraumatic vicryl sutures.  

 

Fig 22. Closure of Internal oblique and Transverse muscles  

 

The internal oblique and transversus muscles are closed as a single 

layer with interrupted sutures of 2-0 vicryl tied loosely. 

 

Fig 23. Closure of External Oblique Aponeurosis  

 

 The external oblique aponeurosis is closed with continuous or 

interrupted sutures of 2-0 vicryl 
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LAPAROSCOPIC APPENDICECTOMY 

OPERATIVE STRATEGY 

The laparoscopic approach allows the surgeon to make a thorough 

visual inspection of the abdominal cavity and hence is especially useful in 

cases in which the diagnosis is questionable. The procedure differs from an 

open appendectomy in that the base of the appendix usually presents first 

and is divided first followed by the mesentery. A pretied ligature or staples 

are used to secure the base. The stump is generally not inverted. 

 Other causes of lower abdominal pain, such as an inflamed Meckel's 

diverticulum or torsion of an ovarian cyst, may also be treated 

laparoscopically. 

 

OPERATIVE TECHNIQUE 

 The patient is positioned supine on the operating table. Both arms are 

tucked at the sides. The monitors are positioned at the foot of the bed. The 

bladder is decompressed with a Foley catheter. It is important to have 

sufficient working distance from the right lower quadrant. The location of 

the umbilicus relative to McBurney's point is noted. Supraumbilical location 

is best for the first trocar. Secondary trocars are placed in the right mid-

clavicular or anterior axillary line and left lower quadrant. Thoroughly the 

abdomen is explored and the diagnosis is confirmed. 
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 Examination of the female adnexa is facilitated by gently sweeping 

up one tube and ovary to displace the uterus to one side and then the other. 

Closed grasper or Babcock clamp is used to push and elevate gently, rather 

than grasp, the adnexa.  

  Exposure is enhanced by placing the patient in a Trendelenburg 

position with the right side up. The omentum and small intestine are gently 

swept medially to expose the cecum, which may be recognized by its size 

and white color and the presence of taeniae. In the most common situation, 

the appendix lies underneath the terminal ileum and is tethered posteriorly 

by its mesentery. Pulling the cecum cephalad causes at least part of the 

appendix, most commonly the base, to come into view. A straight cephalad 

pull, toward the patient's right shoulder, avoids this problem. An endoscopic 

Babcock clamp is passed through the left lower quadrant trocar and gently 

the cecum is pulled toward the patient's left shoulder in such a way as to roll 

the lateral aspect of the cecum toward the surgeon. Now the base of the 

appendix comes into view.  
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Fig 24. Dissection of Appendix  

 

The appendix is grasped near its base with a Babcock or an 

atraumatic grasper and pulled straight up toward the anterior abdominal 

wall. The base is identified and confirmed by the convergence of taeniae on 

the cecum. The base of the appendix: is secured with a pretied suture 

ligature. 

 

Pretied Ligature 

The mesentery is divided first by clips or an ultrasonic dissecting 

forceps. A pretied ligature is then used to secure the base. Individual 

branches of the appendicular artery are identified and windows are made in 

the mesentery between these vessels using a Maryland dissector or a right 

angle clamp. The Clips are placed on the vessels and divided. Sequentially 

the mesentery is divided along a line from the free edge toward the 

appendiceal base.  
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Fig 25. Knot ligation at base of the appendix 

 

After completely dividing the mesentery, a pretied ligature is passed 

into the field through the left lower quadrant trocar. The loop is shortened 

slightly. The appendix is dropped and a Babcock clamp or atraumatic 

grasper is passed through the loop of the ligature, grasping the appendix at 

its midportion. The appendix is pulled through the loop while maneuvering 

and shortening the loop. The knot-pusher is used as a finger to position the 

knot at the base and the ligature is tightened slowly.  
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Fig 26. a) Division of Appendix, b) Appendicular stump  

 

Two ligatures side by side on the base are preferred with a clip or a 

third ligature on the specimen side. The appendix is divided. The Stump is 

inspected to verify the ligatures are in a good position. 

 

Removal of the Appendix: 

 A small, minimally inflamed appendix may be drawn completely into 

the left lower quadrant trocar and the trocar containing the specimen can 

then be completely removed and replaced. A specimen bag is used for 

larger, more inflamed, gangrenous or perforated appendices. 
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Management of the Retrocecal Appendix: 

 

Fig 27. Incision of the Line of Toldt  

 

 The appendix is occasionally completely retrocecal and cannot be 

visualized without mobilizing the cecum and right colon. In such patients, 

the line of Toldt from the cecum up to the vicinity of the hepatic flexure is 

incised with hook cautery, scissors, or ultrasonic shears.  
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Fig 28. Mobilization of Caecum  

 

The cut edge of peritoneum adherent to the right colon is grasped and 

the right colon is pulled medially while lysing any residual adhesions by 

sharp and blunt dissection. The appendix is then found on the back wall of 

the cecum, generally adherent to the cecum with fibrous bands.            

                  

Fig 29. Lysing the adhesions of the appendix with Caecum 
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The appendix is grasped near its base and the fibrous adhesions that 

tether the appendix to the cecum are sequentially lysed. Sharp dissection 

with scissors or ultrasonic shears is best. The appendix is removed in the 

usual fashion. 

 

Closure of Trocar Sites and Postoperative Care 

 The tracer sites are closed with 2-0 vicryl sutures and skin can be 

closed with staplers. 

 

Novel Techniques 

 Single-incision appendectomy 

 Natural orifice transluminal endoscopic surgery (NOTES) 

 Robotic appendectomy. 

 

Negative Exploration 

  If there is no evidence of appendicitis on performing a laparoscopy or 

laparotomy for suspected appendicitis, a thorough exploration of the 

peritoneum must be performed to rule out contributing pathology. A normal 

appendix is often removed to reduce future diagnostic dilemmas.  

 

 

  



 

49 

Postoperative complications 

1. Ileus 

2. Surgical site infection 

3. Intraabdominal abscess 

4. Deep vein thrombosis 

5. Respiratory tract infection 

6. Fecal fistula  

7. Adhesive intestinal obstruction 

 

Ileus 

 A period of ileus usually occurs following appendicectomy for 

gangrenous appendicitis. Generally, it settles in 4-5 days. Persistence of 

ileus more than 5 days, indicates intraabdominal sepsis. Emergency surgical 

intervention is warranted in intraabdominal sepsis.  

 

Surgical site infection 

 It is documented in around 10% of patients following 

appendicectomy. Signs of surgical site infection are warmth, local 

tenderness with purulent discharge. Management is with intravenous 

antibiotics, pus drainage, daily wound dressing.  
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Intraabdominal abscess 

 It is seen in less than 5% of patients undergoing appendicectomy. 

Incidence has been drastically decreased with the use of higher antibiotics. 

It presents with fever vomiting within a week of surgery. Ultrasound 

abdomen is used to localize the site of an abscess. Image-guided drainage of 

the abscess is done under antibiotic cover. If unresolved, patients proceed 

with laparotomy  

 

Deep vein thrombosis 

Though the incidence of deep vein thrombosis following 

appendicectomy is very rare, it is most commonly seen in elderly female on 

OCP. Early ambulation helps to prevent deep vein thrombosis. 

 

Respiratory tract infection 

 Pre-existing respiratory illness can be precipitated post 

appendicectomy. Early ambulation along with chest physiotherapy helps to 

prevent the worsening of symptoms. Antibiotics can also be used 

 

Fecal fistula 

 The incidence of feral fistula following appendicectomy is very low. 

It can occur due to appendicular stump leak or from the inflamed caecal 

wall. It is also reported in patients with chron’s disease complicating 

appendicitis. It is usually managed conservatively. 
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Adhesive intestinal obstruction 

 Adhesive intestinal obstruction is one of the late complications of 

appendicectomy. It can present with chronic abdominal pain. 

Intraoperatively, a band may be present in the right iliac fossa. It is treated 

with laparoscopy which can be used for diagnosis and also for therapeutic 

management by laparoscopic adhesiolysis. 

 

SPECIAL CIRCUMSTANCES 

Appendicitis in Children 

Although appendicitis in children almost demonstrates the same 

symptoms in adults, Neonates can present with abdominal distension and 

lethargy, irritability. The Pediatric Appendicitis Score has components 

similar to the Alvarado Score and is scored of 10 points, with 2 points each 

for right lower quadrant tenderness and pain with cough, percussion or 

hopping. A score of 7 or greater indicates a high chance of appendicitis
28

. 

Differential diagnoses in children are intussusception, gastroenteritis, 

malrotation, ectopic pregnancy, mesenteric adenitis, torsion of the 

omentum, and ovarian or testicular torsion. 

Management of children with appendicitis involves early intervention 

preferably with a laparoscopic appendectomy.
29,30

  

For patients with complicated appendicitis, an urgent laparoscopic 

appendectomy is advocated in the setting of no abscess or mass. 
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In perforation, antibiotics are continued after surgery, preferably for 5 

days  

Management of perforated appendicitis with an abscess is similar to 

adults, Nonoperative management of appendicitis may be safe for children 

with early presentation less than 48 hours, limited inflammation with WBC 

less than 18,000/cu.ml, with no appendicolith and no evidence of rupture on 

imaging.
31

  

They are administered IV antibiotics until the inflammation reduces 

and then transitioned to oral antibiotics.
32 

But it has a recurrence rate
33

.  

 

Appendicitis in Older Adults 

Older adult patients are at higher risk for complications and often 

presents with perforation or abscess due to diminished inflammation
34,35

. 

Hence it is prudent to obtain definitive diagnostic imaging before planning 

the surgery. Laparoscopic appendectomy is safe and might allow patients to 

reduce pain and their hospital stay
36

.  

 

Appendicitis in Pregnancy 

Appendicitis mostly occurs in the first and second trimesters. Patients 

present with heartburn, bowel irregularity, flatulence, or a change in bowel 

habits. The point of maximum tenderness is usually displaced on a physical 

exam. Ultrasonography is the preferred imaging modality. 
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MRI can also be done.
37

  

The risk of fetal loss is high if appendiceal perforation occurs.
38

  

Laparoscopic appendectomies can be safely performed in pregnant 

patients although higher fetal loss has been reported.  

Lower intra-abdominal pressures during insufflation have been 

suggested to reduce early labor. 

 

Chronic or Recurrent Appendicitis 

 Patients with recurrent right lower quadrant abdominal pain not 

associated with a febrile illness with imaging findings suggestive of an 

appendicolith or dilated appendix are classified as having chronic 

appendicitis.
39

  

  The resolution of symptoms is with an appendectomy.  
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AIMS AND OBJECTIVES 

Primary Objective:  

To predict the CRP levels in patients confirmed with 

histopathological diagnosis of acute appendicitis and appendicular 

perforation 

 

Secondary Objective:  

To statistically correlate the CRP levels with 

 Alvarado score 

 Total counts 

 Neutrophils 

 Sonological appendicular diameter 

 Duration of hospital stay 

 Complications. 
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MATERIALS AND METHODS 

 It is a prospective descriptive study done from November 2017 to 

August 2019 in the Department of General Surgery, Tirunelveli Medical 

College, Tirunelveli 

  Our study population was 100 patients who were diagnosed, admitted 

and operated as a case of acute appendicitis with histopathological evidence 

of either acute appendicitis or appendicular perforation. Cases were selected 

by purposive sampling  

 

Inclusion criteria 

 Patients above the age of 13 years, who are clinically diagnosed as 

acute appendicitis in the emergency ward, operated, with histopathological 

evidence of acute appendicitis or appendicular perforation 

 

Exclusion criteria  

 Patients with age less than 13 years 

 Appendicular mass 

  History of trauma to the right iliac fossa  

 Pregnant females 

  Patients with any other comorbidities that may cause elevated CRP  
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Methodology: 

• Patient Information Sheet 

• Complete haemogram 

• Estimation of C - Reactive Protein using ELISA 

• Ultrasound of Abdomen 

• Histopathology of appendix specimen 

 

Procedure: 

  After getting clearance from the Ethical Committee and informed 

written consent in the native language of the patient, details of the patients 

who are diagnosed as acute appendicitis and operated, with 

histopathological diagnosis of acute appendicitis or appendicular perforation 

was entered in the questionnaire.   

 Ultrasound of the abdomen and Blood samples was obtained from the 

patients for measurement of Complete hemogram and C - Reactive Protein 

before surgery. 

  After surgery, the histopathological report of the patient was obtained 

from the pathology department to look for the evidence of acute appendicitis 

or appendicular perforation  
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Data Entry and Analysis: 

 Data collected from the questionnaire was entered using Numbers 

software. 

  Statistics were derived using SPSS 21 software.  

 Descriptive data were tabulated in frequency, mean, standard 

deviation. 

  A comparison of continuous variables was done by one way 

ANOVA. 

 Correlation of CRP levels with Alvarado score, Total counts, 

Neutrophils, appendicular diameter, duration of hospital stay and was done 

using Pearson correlation curve 
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RESULTS 

 

 

Chart 1: Sex Distribution 
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Age Number of Patients 

<18 34 

19-30 38 

31-40 12 

41-50 9 

>51 7 

 

Table 1: Age Distribution 

 

Chart 2: Age Distribution 
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N Mean Std. Deviation P value 

CRP 

AA 63 13.06 16.12 

<0.0001 
AP/AG 37 36.95 18.13 

Total 100 21.90 20.41 

 

Table 2: Mean and SD of CRP in Acute Appendicitis and 

 Appendicular Perforation 

 

 

 

Chart 3: Mean and SD of CRP in Acute Appendicitis and  

Appendicular Perforation 
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 N Mean 
Standard 

Deviation 

95% Confidence 

Interval for 

Mean 
Minimum Maximum P value 

Lower 

Bound 

Upper 

Bound 

CRP AA 63 13.06 16.12 9.00 17.12 1.00 90.00 <0.0001 

 

Table 3 : 95% Confidence Interval for CRP in Acute Appendicitis 

 

 N Mean 
Standard 

Deviation 

95% 

Confidence 

Interval for 

Mean 

Minimum Maximum P value 

Lower 

Bound 

Upper 

Bound 

   

CRP AP 37 36.95 18.13 30.90 42.99 1.00 72.00 <0.0001 

 

Table 4: 95% Confidence Interval for CRP in Appendicular Perforation 
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r 0.635 

p value <0.0001 

 

 

Chart 4: Pearson Correlation CRP vs Alvarado score 
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r 0.413 

p value <0.0001 

 

 

Chart 5: Pearson Correlation CRP vs Total Count 
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r 0.199 

p-value 0.125 

 

 

Chart 6: Pearson Correlation CRP vs Neutrophils 
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r 0.199 

p-value 0.125 

 

 

Chart 7: Pearson Correlation CRP vs Sonological appendix diameter 
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r 0.832 

p value <0.0001 

 

 

Chart 8: Pearson Correlation CRP vs Duration of hospital stay 
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Complication N Mean 

Std. 

Deviation 

P value 

CRP 

Yes 28 41.61 19.27 

<0.0001 

No 72 14.24 15.06 

 

Table 5: Independent student t-test comparing CRP with Post-

operative complications 

 

 

 

Chart 9: Independent student t-test comparing CRP with Post-

operative complications 
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REVIEW OF ARTICLES 

1. In a study conducted by Anshuman Sengupta et al
59

 - “White Cell 

Count and C Reactive Protein Measurement in Patients with 

Possible Appendicitis”, compared the WBC count and CRP values 

on admission in patients with acute appendicitis who are proceeded 

with appendicectomy. The mean and median white blood cell count, 

CRP values were co-related between those with the normal 

appendix, appendicitis and appendicitis with complications like 

peritonitis, gangrene and perforation and these groups were 

compared using the t-test. They concluded that normal values of 

CRP have a 100% negative predictive value for appendicitis. They 

also suggested that judicious use of C reactive protein may spare 

unnecessary hospital admission and surgical procedure for 

appendicitis 

2. The study - “Role of C Reactive Protein in Acute Appendicitis” by 

Ghimire et al
60

 analyzed the value of C Reactive protein as a 

diagnostic marker of appendicitis and assessed the levels of C 

reactive protein in acute appendicitis along with its quantitative 

relationship with the degree of inflammation of the appendix. Their 

results showed significant CRP rise in the inflamed appendix. The 

sensitivity, specificity, positive predictive value and negative 

predictive value of CRP in diagnosing acute appendicitis were 
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84.31%, 66.66%, 97.72%, and 20% respectively. They concluded 

that the values of C reactive protein exponentially increased with 

the degree of inflammation of the appendix and raised C reactive 

protein aids in diagnosing acute appendicitis   

3. Mazhar Raja et al
61

 did a study on “The value of C Reactive Protein 

in Enhancing Diagnosis of Acute Appendicitis”. They analyzed the 

role of CRP in increasing the diagnostic accuracy of acute 

appendicitis and comparing it with histopathological findings. They 

concluded that in more than 90% of patients, the raised value of 

CRP was related to the severity of inflammation. They also stated 

that very high levels of CRP may be related to necrotizing 

appendicitis while CRP above 40mg/l may suggest suppurative or 

complicated appendicitis. 

4.  Yokoyama et al
63

 study on “C Reactive Protein is an Independent 

Surgical Indication Marker for Appendicitis: Retrospective study” 

investigated whether CRP is a surgical indication marker as well as 

a diagnostic marker for the decision of emergency operation for 

acute appendicitis. They concluded that the CRP level is an 

independent marker in ascertaining the severity of acute 

appendicitis by logical regression analysis. The optimal cut off 

value of CRP for surgical indication was around 45 mg/l. 
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5. The study on “The Diagnostic Value of C Reactive Protein and 

White Blood Cell Count in Diagnosis of Acute Appendicitis” by 

Essam Ebied et al
63

 aimed at assessing the diagnostic value of 

quantitative CRP and WBC count in patients suspected to have 

acute appendicitis. Their results showed that raised CRP had a 

sensitivity of 93.3% and specificity of 86.6 %. The CRP in 

uncomplicated appendicitis was 40mg/l whereas in complicated 

appendicitis it was 90 mg/l. They concluded that elevated C reactive 

protein levels correlate with the clinical diagnosis of appendicitis. 

They also stated that CRP must be routinely done in patients 

suspected with acute appendicitis  

6. Ja Shelton et al
58

 did a study on “Preoperative C Reactive Protein 

Predicts the Severity and Likelihood of Complications following 

Appendicectomy” aimed to look for factors that predict 

complications occurring in patients undergoing appendicectomy. 

The risk of complications was assessed independently for age, sex, 

perforation on pathology, preoperative WBC count and preoperative 

CRP where only preoperative CRP was a strongly significant factor 

predicting complications. They concluded that high preoperative 

CRP predicts an increased rate of postoperative complications like 

ileus, prolonged intravenous antibiotics, chest infection, collection, 

readmission, and placement of a percutaneous drain 
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7. Nauman Ahmed et al
64

 study on “C Reactive Protein: An Aid for 

Diagnosis of Acute Appendicitis” aimed at identifying the role of 

CRP as a complementary test to decrease negative appendicectomy 

in a tertiary care hospital. The study concluded that CRP more than 

48mg/l is an indication of perforated appendix and specificity of 

CRP in predicting appendicitis was 100% 

8. The study “Predictive Factors to Distinguish between Patients with 

Non Complicated Appendicitis and those with Complicated 

Appendicitis” done by Tae Hyung sam et al
65

 determined predictive 

factors to distinguish patients with non-complicated appendicitis 

from those with complicated appendicitis. Their results showed 

statistically significant factors in predicting complicated 

appendicitis by univariate analysis where appendiceal junction’s 

diameter, appendiceal maximal diameter, appendiceal wall 

enhancement, periappendiceal fat infiltration, ascites, abscesses, 

neutrophil proportion, C reactive protein, aspartate 

aminotransferase, and total bilirubin. However, in multivariate 

analysis, the appendiceal maximal diameter, periappendiceal fat 

infiltration, ascites, and CRP were statically significant. The 

sensitivity and specificity of CRP were 78% and 90% respectively. 

They concluded that CRP levels can be used to accurately 

differentiate non-complicated and complicated appendicitis.  
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9. Usha Rani Rathnam et al
66

 study “C Reactive Protein as a 

Diagnostic Tool in Acute Appendicitis” aimed at comparing the C 

Reactive levels in diagnosing acute appendicitis. Their results 

showed CRP had a specificity of 91% with a positive predictive 

value of 88% in diagnosing acute appendicitis. They concluded 

stating that a normal preoperative serum CRP is a predictor of the 

normal appendix on histopathological examination.  

10. The study on “Preoperative High C- Reactive Protein Level is 

Associated with an Increased Likelihood for Conversion from 

Laparoscopic to Open Appendicectomy in Patients with Acute 

Appendicitis” was done by Mitsugi Shimoda et al
67

. Their study 

aimed at clarifying the preoperative predictors of conversion from 

laparoscopic to open appendicectomy. Among the factors like age, 

gender, BMI, CRP, albumin, WBC, neutrophils, lymphocytes, 

neutrophil-lymphocyte ratio, presence of an abscess, appendicolith, 

gangrenous appendix - only CRP, Albumin and BMI were 

statistically significant factors in Bivariate analysis. Multivariate 

analysis done among these three factors showed that the CRP level 

was an only significant adverse prognostic factor for conversion to 

open appendicectomy. They concluded that in patients with high 

CRP levels of more than 99 mg/dl, the first approach would be 

conventional open appendicectomy instead of laparoscopic 

appendicectomy. 
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DISCUSSION 

The mainstay of treatment of appendicitis is by surgical management. 

Conservative management of appendicitis in selected cases has also been 

documented
53,54

. On diagnosing a patient with appendicitis, the severity of 

appendicitis has to be ascertained before selecting optimal treatment. WBC 

counts, CRP, neutrophil percentage can be used as predictors of 

management. 

 This study aimed to evaluate whether CRP predicts the severity of 

appendicitis. The most common age group diagnosed with appendicitis is 

19-30 years which is similar to the study done by Rathnam U et al
53

. The 

mean value of CRP in acute appendicitis was 13.06 mg/dl and in 

appendicular perforation was 36.95 mg/dl which was similar to the results 

by the study of Jangjoo et al
54

 and Han ping wu et al
55

. 
 
As compared to 

study by Faith Dal et al., 
56

 our study showed strong statistical correlation 

between CRP and Alvarado score in diagnosing acute appendicitis and 

appendicular perforation. CRP values have been identified statistically using 

95% Confidence value with the range of 9 mg/dl to 17.12 mg/dl in Acute 

Appendicitis and 30.90 mg/dl to 42.99 mg/dl in Appendicular Perforation 

by our study  

  Pearson correlation for CRP with Alvarado Score, Total counts, 

neutrophils showed a strong correlation with Alvarado score, medium 

correlation with total count and small correlation with neutrophil counts. 
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However, Pearson's for CRP with Appendicular Diameter in USG showed a 

statistically insignificant correlation. As per our study, the surgical cutoff 

for appendicitis is greater than 9mg/dl which is similar to the results of 

Yokoyama et al
57

 

  The results of this study also showed that there is a very high 

statistically significant correlation between CRP and prolonged hospital stay 

by Pearsons correlation curve. Further Independent student t-test compared 

CRP values with the development of complications and showed a statistical 

correlation of increased postoperative complications with increased 

preoperative CRP values. This is similar to the results of the study done by 

Ja Shelton et al
58 

 These results suggest the consideration of the CRP level for the 

diagnosis and choice of the treatment of appendicitis. Diagnostic precision 

of acute appendicitis has been increased significantly with the use of CRP. 

CRP values are highly significant statistically in predicting acute 

appendicitis and appendicular perforation, at par with time tested Alvarado 

Score. The current study suggests that CRP helps in the prediction of the 

severity of appendicitis for treatment, and the high frequency of 

development of post-operative complications with high preoperative CRP 

values. 
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   Hence CRP can be a cost-effective investigation not only in 

predicting Appendicular pathologies but also in anticipating postoperative 

complications  
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SUMMARY 

 In the present study, of the total 100 patients, 45 were male and 55 

were female. 

  The most common age group of presentation is 19-30 years followed 

by 13 - 18 years  

 Mean value of CRP in acute appendicitis is 13.06 mg/dl and in 

appendicular perforation is 36.95 mg/dl 

 95% Confidence value for CRP is in the range of 9 mg/dl to 17.12 

mg/dl in Acute Appendicitis and 30.90 mg/dl to 42.99 mg/dl in 

Appendicular Perforation. 

 Pearson correlation was statistically significant for CRP values with 

Alvarado score, total count, neutrophils, duration of hospital stay and 

insignificant correlation was noted for sonological appendicular diameter. 

 Independent student t-test showed a statistically significant correlation 

between the development of postoperative complications with high 

preoperative CRP values. 
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CONCLUSION 

   CRP could be a cost-effective easy method to aid the clinicians in 

diagnosing appendicitis. 

 A detailed history, clinical examination, Alvarado scores to establish 

a diagnosis of appendicitis, along with CRP values will help in increasing 

the accuracy of diagnosing appendicitis and help in decreasing negative 

appendicectomy rates. 

 Further CRP can also be used as a predictor of morbidity and 

complications in patients undergoing appendicectomy. 

 Grossly elevated CRP values warrants for early referral to a tertiary 

center for expert management since complication rates are high in these 

patients. 
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PATIENT INFORMATION SHEET 

IRB No.:       Case No. 

Name: 

Age:   Years    Unit: 

Sex:        Date of Admission: 

In patient No.       Date of Surgery: 

Biopsy No.:              /   Date of Discharge: 

Pre OperativeDiagnosis 

Intra Operative Diagnosis 

Post OperativeDiagnosis 

History  

Abdominal pain 

 

Location  

 

Duration   Days 

 

Nausea 

 

Vomiting 

 

Fever 

Diarrhea 
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ROLE OF C-REACTIVE PROTEIN AS AN ADDITIONAL MARKER IN THE DIAGNOSIS OF ACUTE APPENDICITIS 

Department of General Surgery  Tirunelveli Medical College Hospital 

Vitals 

Temperature   
0
F 

Blood Pressure      /     mm Hg 

Pulse rate      / min 

Examination 

Tenderness 

Location 

Guarding      Rovsing’s Sign 

Rigidity     Psoas Sign 

Blumberg’s Sign    Obturator Sign 

Pointing sing       Free fluid 

Investigation 

Total count         Cells / cumm 

Differential count     

Neutrophils                  %  Basophils     % 

Eosinophils              %  Monocytes      %  

C-Reactive protein                         Mg/L Lymphocytes     % 

Radiological Investigations 

USG Abdomen 

CT Abdomen 

Y N 

RH E LH

  

RL U LL R/F H L/F 

Y N 

Y N 

Y N 

Y N 

Y N 

Y N 

Y N 

Y N 





Pre-Op Intra-Op Post-Op App Dia Diag.

1 Saravanan Marimuthu 22 M 66698 AA AP AP 1 1 1 2 1 1 2 1 10 38 10102 78 8 AP 9 Y

2 Nachiyar 29 F 68563 AA AA AA 1 0 0 2 1 0 0 0 4 1 5400 54 - PT 4 N

3 Murugeshwari 26 F 68524 AA AA AA 1 0 0 2 1 0 0 0 4 1 8000 64 - PT 4 N

4 Neelavathy 50 F 68691 AA AP AP 1 1 1 2 1 1 2 1 10 32 10100 80 6 AP 6 N

5 Muthuganesh 20 M 72477 AA AA AP 1 0 0 2 0 0 0 0 3 1 5400 60 - PT 4 N

6 Rangasamy 16 M 76787 AA AA AA 1 0 1 2 0 0 0 0 4 2 6400 51 - PT 4 N

7 Kiruthiga 19 F 72653 AA AA AA 1 0 0 2 0 0 0 0 3 3 2700 66 - PT 4 N

8 Ayyappan 36 M 72469 AA AP AP 1 1 1 2 1 1 1 1 10 47 19700 76 - AP 6 N

9 Gopinath 13 M 80730 AA AA AA 1 0 0 2 0 0 0 0 3 1 5800 39 - ML 4 N

10 Kalpana Devi 43 F 80780 AA AA AA 1 0 0 2 0 0 2 0 5 3 11000 54 - ML 5 N

11 Fathima 75 F 83110 AA AA AA 1 1 1 2 1 0 1 1 8 14 14700 80 7.8 AA 5 N

12 Balasubramaniyan 45 M 93105 AA AP AP 1 1 1 2 1 1 2 1 10 52 12500 75 12 FF/AP 9 Y

13 Sathguru 48 F 66703 AA AP AP 1 1 1 2 1 1 2 1 10 9 10200 79 - PT 5 N

14 Saravanan Marimuthu 27 M 68552 AA AP AP 1 1 1 2 1 1 2 1 10 14 10600 78 9 AP 7 Y

15 Thinesh 15 M 668537 AA AA AA 1 1 1 2 1 0 0 0 6 2 8100 56 - ML 5 N

16 Thivakar 13 M 78007 AA AP AP 1 1 1 2 1 1 0 0 7 55 8000 71 10 AP 7 N

17 Shenbagaraj 13 M 78827 AA AA AA 1 0 0 2 0 0 0 0 3 1 9600 59 - PT 4 N

18 Malathy 40 F 82919 AA AA AA 1 0 1 2 0 0 0 0 4 1 7500 60 - PT 4 N

19 Mano Ranjith 51 M 83040 AA AP AP 1 1 1 2 1 1 2 1 10 29 11300 76 7 AA 8 Y

20 Raja 14 M 4664 AA AP AP 1 1 1 2 2 1 2 1 10 29 20900 79 14 FF/AP 8 Y

21 Mupidathy 23 M 4751 AA AA AA 1 1 1 2 1 1 2 1 9 2 17900 88 8 AA 5 N

22 Pushpam 68 F 4851 AA AA AA 1 0 0 2 1 1 2 0 9 52 10100 68 8 AA 7 N

23 Selvi 31 F 4714 AA AA AA 1 0 0 2 0 0 0 1 4 2 6100 85 - PT 4 N

24 Muthulakshmi 35 F 8372 AA AP AP 1 1 1 2 1 1 2 1 10 58 18200 58 - FF / AP 9 Y

25 Lakshmanan 17 M 8350 AA AP AP 1 1 1 2 1 1 2 1 10 65 15300 77 10 AA 8 Y

26 Muthulakshmi 49 F 10015 AA AA AA 1 1 1 2 1 1 0 0 6 21 8300 66 7 AA 6 N

27 Nalina 24 F 15260 AA AA AA 1 1 1 2 0 0 0 0 5 1 6100 73 - PT 4 N

28 Sankaran 61 M 18520 AA AP AP 1 1 1 2 1 1 2 1 10 30 13400 85 - AP 7 Y

29 Pappusamy 14 M 18460 AA AA AA 1 0 0 2 0 0 0 0 3 1 8300 56 - PT 4 N

30 Muthumari 14 F 20153 AA AA AA 0 0 0 2 0 0 0 1 4 2 9400 75 - PT 5 N

31 Aruna 18 F 20261 AA AA AA 1 1 1 2 1 1 0 1 8 50 7700 77 - PT 8 N

32 Kumar 28 M 21755 AA AP AP 1 1 1 2 1 1 2 1 10 37 17000 90 - FF / AP 7 Y

33 Daniel 14 M 23609 AA AP AP 1 1 1 2 1 1 2 1 10 38 16100 85 7 AA 8 Y

34 Paulraj 15 M 25288 AA AA AA 1 0 0 2 0 0 0 0 3 1 8200 46 - PT 4 N

35 Petchimuthu 28 M 25186 AA AA AA 1 1 1 2 1 1 2 1 10 23 11062 76 6 AA 5 N

36 Murugan 29 M 26878 AA AA AA 1 0 0 2 1 0 0 0 4 1 9800 58 8 AA 4 N

37 Abilash 23 M 28749 AA AA AA 1 1 1 2 1 0 2 1 9 20 13500 78 12 AA 5 N

38 Arunkumar 19 M 28817 AA AA AA 1 1 1 2 1 0 2 1 9 12 20200 91 10 AA 5 N

39 Iyyappan 19 M 66819 AA AP AP 1 1 1 2 1 1 2 1 10 42 14500 88 7.2 FF/AP 7 N

40 Thanga Selvi 15 F 80737 AA AA AA 1 1 1 2 0 0 0 0 5 2 6200 40 - PT 5 N

41 Sivaperumal 25 M 66775 AA AP AP 1 1 1 2 1 1 2 1 10 32 14800 90 - PT 7 Y

42 Subbulakshmi 52 F 18375 AA AP AP 1 1 1 2 1 1 2 1 10 55 20800 94 - FF 8 Y

43 Rosy 19 F 20119 AA AA AA 1 1 1 2 0 0 0 0 5 1 6200 60 - PT 4 N

44 Uma 32 F 25383 AA AA AA 1 1 1 2 1 1 2 1 10 10 17300 84 8.8 AA 4 N

45 Veni 16 F 18535 AA AA AA 1 0 0 2 0 0 0 0 3 2 9300 57 - PT 4 N

N T R E
Diagnosis

Duration Complications
Age

NameSl.No.
IP No. L

USG
S SCORESex Neutrophils

Total 

Count
CRPM A

1



Pre-Op Intra-Op Post-Op App Dia Diag.
N T R E

Diagnosis

Duration Complications
Age

NameSl.No.
IP No. L

USG
S SCORESex Neutrophils

Total 

Count
CRPM A

46 Baskar 47 M 89995 AA AP AP 1 1 1 2 1 1 2 1 10 48 15860 90 8.4 FF/AP 9 Y

47 Banumathi 16 F 6498 AA AA AP 1 1 1 2 0 1 0 0 7 14 4800 58 9.6 AA 7 Y

48 Balammal 60 F 12009 AA AA AG 1 1 1 2 1 1 2 1 10 57 10500 90 - FF/AP 8 N

49 Anantha Selvan 22 M 15962 AA AP AP 1 1 1 2 1 1 2 1 10 62 20800 88 - FF/AB 8 Y

50 Akilan 15 M 91830 AA AP AP 1 1 1 2 1 1 2 1 10 48 15250 90 10 AA 7 Y

51 Durai 13 M 72325 AA AA AA 1 1 1 2 1 1 2 1 10 27 13800 80 8.8 AA 5 N

52 Manjula 14 F 89978 AA AP AP 1 1 1 2 1 1 2 1 10 48 14290 48 8 AA 6 N

53 Sivaramakrisvanan 22 M 67052 AA AA AA 1 1 1 2 1 1 2 1 10 42 21000 85 11 AA 7 N

54 Sathishkumar 18 M 47835 AA AA PP 1 1 1 2 1 1 2 2 10 43 15200 84 8 AA 9 Y

55 Velraj 14 M 4569 AA AP AP 1 1 1 2 1 1 2 1 10 13 12500 86 5.5 AA 6 N

56 Sumathy 36 F 74004 AA AA AA 1 1 1 2 0 1 0 0 6 15 8300 72 10 AA 5 N

57 Mathiarasi 35 F 73975 AA AA AA 1 0 0 2 0 0 2 1 5 3 11300 66 - PT 4 N

58 Sabari 18 M 88201 AA AA AA 1 1 1 2 1 1 2 1 10 7 18800 96 7.8 AA 4 N

59 Muniyasamy 16 M 1210 AA AA AA 1 1 1 2 1 1 2 1 10 12 12800 86 6 AA 5 N

60 Durai 13 M 72325 AA AA AA 1 1 1 2 1 1 2 1 10 27 13000 80 8.8 AA 5 N

61 Abinaya 18 F 45828 AA AA AA 1 1 1 2 1 1 2 1 10 23 12500 92 8 AA 4 N

62 Arumugakani 18 F 24871 AA AA AA 1 1 1 2 1 1 2 1 10 18 12500 96 6.6 AA 7 Y

63 Manikandan 29 M 28103 AA AA AA 1 0 0 2 0 0 0 0 3 5 980 70 9.7 AA 5 N

64 Ponnusamy 45 M 51363 AA AP AP 1 1 1 2 1 1 2 1 10 56 14500 56 9 AA 9 Y

65 Rukmani 24 F 45868 AA AA AA 1 1 1 2 0 0 2 0 7 2 12800 52 - PT 5 N

66 Sankar 21 M 34144 AA AP AP 1 1 1 2 1 1 2 1 10 62 14000 75 - FF/AP 9 Y

67 Saravanan 38 M 43869 AA AP AP 1 1 1 2 1 1 0 0 7 48 4800 73 10 AA 7 Y

68 Senthil Kumar 37 M 21419 AI AP AP 1 1 1 2 1 1 0 0 7 18 7900 74 - FF 6 N

69 Tamil Amuthan 17 M 67047 AA AA AA 1 1 1 2 0 1 2 1 9 3 18000 82 9 AA 4 N

70 Vairamuthu 15 M 32245 AA AP AP 1 1 1 2 1 0 2 1 9 72 18300 90 6 AA 9 Y

71 Vinayagam 14 M 28094 AA AP AP 1 0 0 2 1 1 0 0 5 15 9800 53 - ML 6 N

72 Venkatesh 24 M 51313 AA AA AA 1 1 1 2 1 1 2 1 10 25 11600 80 8 AA 5 N

73 Paul Jency 27 F 49489 AA AA AA 1 1 1 2 1 1 2 1 10 90 14600 75 9 FF/AP 8 Y

74 Mariammal 55 F 45945 AA AA AA 1 1 1 2 0 1 2 1 9 4 10600 86 7.5 AA 5 N

75 Vanmathy 30 F 59813 AA AA AA 1 1 1 2 0 0 0 1 6 9 9800 80 7 AA 6 N

76 Sundari 20 F 67600 AA AP AP 1 1 1 2 1 1 2 1 10 23 19800 86 12 AA 6 Y

77 Abirami 27 F 72321 AA AA AA 1 1 1 2 1 0 2 1 9 17 18500 9 7 AA 7 Y

78 Sankara Narayanan 20 M 51279 AA AA AA 1 1 1 2 1 1 2 1 8 18 12800 79 10 AA 4 N

79 Bharathi 19 F 46056 AA AA AA 1 1 1 2 1 1 2 1 10 15 12500 86 9.2 AA 5 N

80 Poomariammal 39 F 19592 AA AA AA 1 0 0 2 0 0 0 1 4 5 9800 78 - PT 4 N

81 Ponammal 17 F 21077 AA AP AP 1 1 1 2 1 1 2 1 10 19 18800 90 9 AA 8 Y

82 Rajesh 27 M 6483 AA AA AA 1 0 1 2 0 1 0 1 5 12 8500 82 8 AA 6 N

83 Ramakrishnan 20 M 56630 AA AA AA 1 0 1 2 1 0 0 0 3 3 9800 60 - PT 5 N

84 Rajeshwari 20 F 87746 AA AA AA 1 1 1 2 0 0 2 1 8 10 10500 80 8 AA 5 N

85 Kasthuri 20 F 30143 AA AA AA 1 1 1 2 1 1 2 1 7 12 9800 74 5.4 AA 6 N

86 Sarada 21 F 71247 AA AA AP 1 1 1 2 1 1 2 1 10 22 13500 90 8.2 FF/AP 6 N

87 Rasathy 27 F 86897 AA AA AA 1 1 1 2 1 0 2 0 8 10 10200 74 6 AA 5 N

88 Kaviyarasu 18 M 47835 AA AP AP 1 1 1 2 1 1 2 1 10 23 14800 92 7 FF/AP 6 Y

89 Sankaravel 31 M 47712 AA AA AA 1 1 1 2 1 1 0 1 7 19 9900 80 5 AA 5 N

90 Mariselvam 18 M 14188 AA AA AA 1 0 0 2 0 0 0 1 4 5 9500 86 - PT 4 N

2



Pre-Op Intra-Op Post-Op App Dia Diag.
N T R E

Diagnosis

Duration Complications
Age

NameSl.No.
IP No. L

USG
S SCORESex Neutrophils

Total 

Count
CRPM A

91 Sudalaiyandi 45 M 6420 AA AP AP 1 1 1 2 1 1 2 1 10 28 18500 92 8 AA 6 N

92 Eswaran 29 M 1249 AA AA AA 1 1 1 2 1 1 2 1 10 45 19500 45 10 AP 8 Y

93 Kasthuri 20 F 30143 AA AA AA 1 0 1 2 0 0 2 1 7 10 10200 10 5 AA 4 N

94 Antony Davdd Vincent 15 M 28075 AA AA AA 1 0 0 2 0 0 0 1 4 4 8500 75 - PT 4 N

95 Muthumari 27 F 23054 AA AA AA 1 0 1 2 1 0 2 1 8 13 15800 80 8.2 AA 6 N

96 Blessy 17 F 22859 AA AA AA 1 0 1 2 0 0 0 1 5 4 6600 4 - PT 5 N

97 Rajalakshmi 20 F 14245 AA AA AA 1 0 1 2 0 0 0 0 3 6 9800 70 - PT 4 N

98 Lakshmi 35 F 56400 AA AP AP 1 1 1 2 1 1 2 1 10 28 16350 93 10 AA 5 N

99 Kalaiarasan 14 M 61702 AA AA AA 1 1 1 2 1 1 2 1 10 20 12800 82 12 AA 6 N

100 Kalimuthu 50 M 53050 AA AA AA 1 1 1 2 1 1 2 1 10 8 14300 87 8 AA 4 N
Diagnosis: AA - Acute Appendicitis, AP - Appendicular Perforation

USG: PT - Probe Tenderness, AA - Acute Appendicitis, AP - Appendicular Perforation, ML - Mesentric 

Lymphadenitis, FF - Free Fluid
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