APPENDICITIS
ANATOMY 
Definition

· This is a worm-like diverticulum arising from the posteromedial wall, of the caecum, about 2 cm below the ileocaecal orifice 
· It is a blind muscular tube with mucosal, submucosal, muscular and serosal layers. 
Dimensions

· The length varies from 2 to 20 cm with an average of 9 cm. 
· The average length is between 7.5 and 10 cm
· It is longer in children than in adults. 
· The diameter is about 5-10 mm. 
· The lumen is quite narrow and may be obliterated after mid-adult life.
Positions

· The appendix lies in the right lower quadrant in the vast majority of patients. 
· Two notable exceptions include patients with intestinal malrotation, in which case the cecum and appendix are in the left upper quadrant, and in pregnancy, in which the gravid uterus pushes the cecum and appendix into the right upper quadrant (see below).

· Within the right lower quadrant, the appendix can lie either medial, lateral, anterior, or posterior to the cecum. 
· Frequently, it is found in the retrocecal (65 percent) or pelvic (30 percent) positions.
· Although the base of the appendix is fixed, the tip can point in any direction
· During childhood, continued growth of the caecum commonly rotates the appendix into a retrocaecal but intraperitoneal position
· In approximately a quarter of cases, rotation of the appendix does not occur resulting in a pelvic, subcaecal or paracaecal position. 
· Occasionally, the tip of the appendix becomes extraperitoneal lying behind the caecum or ascending colon. 
· Rarely, the caecum does not migrate during development to its normal position in the right lower quadrant of the abdomen 
· In these circumstances the appendix can be found near the gall bladder or, in the case of situs inversus viscerum, in the left iliac fossa causing diagnostic difficulty if appendicitis develops
· The position of the base of the appendix is constant, being found at the confluence of the three taeniae coli of the caecum which fuse to form the outer longitudinal muscle coat of the appendix

Appendicular Orifice

· The appendicular situated on the postero—medial aspect of the caecum 2 cm below the ileocaecal orifice.
· Its orifice opens into the cecum
· The appendicular orifice is occasionally guarded by an indistinct, semilunar fold of mucous membrane known as ‘valve of Gerlach’.

· 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. 
· The point lies at the junction of lateral one-third and medial two-thirds of the line joining the right anterior superior iliac spine to the umbilicus 
Peritoneal Relations

· The appendix is suspended by a small, triangular thin 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 
· Occasionally, the mesoappendix may remain short of the apex.
Blood Supply

· The appendiceal artery, is a terminal branch of the ileocolic artery, which traverses the length of the mesoappendix and terminates at the tip of the organ
· Blood from the appendix is drained by the appendicular, ileocolic and superior mesenteric veins, to the portal vein.
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 umbilicus, similar to that of small intestine and testis.
Histology

· The lumen of appendix is very narrow. 
· There are no villi. 
· The epithelium invaginates to form crypts of Lieberkuhn. 
· Muscularis mucosa is ill defined.

· Submucosa reveals many lymphoid masses. 
· That is why it is called the abdominal tonsil. 
· Muscularis externa comprises two layers. 
· Outermost is the serous layer.
Definition
· It is an acute inflammation of the vermiform appendix.

Epidemiology

· Appendicitis occurs most commonly in the second and third decades of life. 

· The incidence is highest in the 10- to 19-year-old age group, in which it is about 233/100,000 population. 

· The median age at appendectomy is 22 years
· Appendicitis occurs in 7% of the US population, with an incidence of 1.1 cases per 1000 people per year. 

· Some familial predisposition exists
· After middle age the risk of developing appendicitis in the future is quite small. 
· The incidence of appendicitis is equal amongst males and females before puberty. 
· In teenagers and young adults the male: female ratio increases to 3:2 at the age of 25 years, thereafter the greater incidence in males declines
· The incidence of appendicitis is approximately 1.4 times greater in men than in women who have a lifetime incidence of 8.6 percent compared to 6.7 percent for women

· Acute appendicitis is the most common cause of an ‘acute abdomen’ in young adults
· Thus, many surgeons use a fairly aggressive approach, accepting a certain number of negative appendectomies (approximately 15 percent).

· Incidence of appendicitis is lower in cultures with a higher intake of dietary fiber. 
· Dietary fiber is thought to decrease the viscosity of feces, decrease bowel transit time, and discourage formation of fecaliths, which predispose individuals to obstructions of the appendiceal lumen.
· Perforation rate is higher among patients younger than 18 years and patients older than 50 years, possibly because of delays in diagnosis. 
· Appendiceal perforation is associated with a sharp increase in morbidity and mortality rates
Etiology 
· Obstruction of the appendiceal lumen usually precipitates appendicitis. 

· The most common causes of luminal obstruction are fecaliths and lymphoid follicle hyperplasia. 

· Fecaliths form when calcium salts and fecal debris become layered around a nidus of inspissated fecal material located within the appendix. 

· Lymphoid hyperplasia is associated with a variety of inflammatory and infectious disorders including Crohn disease, gastroenteritis, amebiasis, respiratory infections, measles, and mononucleosis. 

· Obstruction of the appendiceal lumen has less commonly been associated with parasites (e.g. Schistosomes species, Strongyloides species), foreign material (e.g. shotgun pellet, intrauterine device, tongue stud, activated charcoal), tuberculosis, and tumors.

· Some causes of obstruction of appendiceal lumen
1. Fecaliths (A hard mass consisting of inspissated-The act of thickening or condensing, as by evaporation or absorption of fluid-feces) (most common)

2. Lymphoid tissue hypertrophy

3. Inspissated barium

4. Vegetable, fruit seeds and other foreign bodies

5. Intestinal worms (ascarids), Intestinal parasites, particularly Oxyuris vermicularis (syn. pinworm), can proliferate in the appendix and occlude the lumen
6. Strictures (A circumscribed narrowing or stenosis of a hollow structure, usually consisting of cicatricial contracture or deposition of abnormal tissue)
· Although acute appendicitis is the most common disease of the appendix, other potential pathologic conditions affecting the appendix include swallowed foreign bodies, pinworms, fecaliths, carcinoids, cancer, villous adenomas, and diverticula. 
· The appendix may also be involved in idiopathic ulcerative colitis or the ileocolitis of Crohn's disease.
Pathogenesis
· Obstruction of the appendiceal lumen is the primary cause of appendicitis.
· Obstruction of the appendiceal lumen seems to be essential for development of appendiceal gangrene and perforation.

· The mechanism of luminal obstruction varies depending upon the patient's age. 

· In the young, lymphoid follicular hyperplasia is thought to be the main culprit. 

· This process is either initiated or exacerbated by a viral or bacterial infection, and the ensuing dehydration that occurs with these illnesses. 

· Occasional clustering of cases amongst children and young adults suggests an infective agent, possibly viral, which initiates an inflammatory response, which within the narrow lumen of the appendix leads to luminal obstruction.

· In the older patients, luminal obstruction is more likely to be caused by fibrosis, fecaliths, or neoplasia (carcinoid, adenocarcinoma, or mucocele). 

· In endemic areas, parasites can cause obstruction in any of the age groups.

· Once obstructed, the lumen becomes filled with mucus and distends, increasing luminal and intramural pressure resulting in thrombosis and occlusion of the small vessels, and stasis of lymphatic flow. 

· As lymphatic and vascular compromise progress, the wall of the appendix becomes ischemic and then necrotic. 

· Bacterial overgrowth occurs within the diseased appendix. 

· With ischaemia, bacterial invasion occurs through the muscularis propria and submucosa producing acute appendicitis

· Aerobic organisms predominate early in the course, while mixed infection is more common in late appendicitis 

· Common organisms involved in gangrenous and perforated appendicitis include Escherichia coli, Peptostreptococcus, Bacteroides fragilis, and Pseudomonas species

· Finally, ischaemic necrosis of the appendix wall produces gangrenous appendicitis, with free bacterial contamination of the peritoneal cavity. 

· Alternatively, the greater omentum and loops of small bowel become adherent to the inflamed appendix, walling off the spread of peritoneal contamination resulting in a phlegmonous mass or paracaecal abscess
· Once significant inflammation and necrosis occur, the appendix perforates, leading to localized abscess formation or diffuse peritonitis. 

· During the first 24 hours after symptoms develop, most patients (around 90 percent) have only inflammation and perhaps necrosis, but not perforation. 

· On the other hand, 65 percent of patients in whom the appendix has perforated had symptoms for longer than 48 hours

· It is the potential for peritonitis that is the great threat of acute appendicitis. 

· Peritonitis occurs as a result of free migration of bacteria through an ischaemic appendicular wall, through frank perforation of a gangrenous appendix or delayed perforation of an appendix abscess.

· Factors which promote this process include extremes of age, immunosuppression, diabetes mellitus, faecolith obstruction of the appendix lumen, a free-lying pelvic appendix and previous abdominal surgery which limits the ability of the greater omentum to wall off the spread of peritoneal contamination 

· In these situations a rapidly deteriorating clinical course is accompanied by signs of diffuse peritonitis and systemic sepsis syndrome
Clinical features
History
· Duration of symptoms is less than 48 hours in approximately 80% of adults but tends to be longer in elderly persons and in those with perforation. 
· Approximately 2% of patients report duration of pain in excess of 2 weeks
· Pain: The classical features of acute appendicitis begin with poorly localised colicky abdominal pain

· This is due to midgut visceral discomfort in response to appendiceal inflammation and obstruction. 

· The pain is frequently first noticed in the periumbilical region and is similar to, but less intense than, the colic of small bowel obstruction.

· With progressive inflammation of the appendix, the parietal peritoneum in the right iliac fossa becomes irritated producing more intense, constant and localised somatic pain which begins to predominate. 

· The symptoms eventually localize to the right lower quadrant once inflammation involves the overlying parietal peritoneum.

· This is often reported by the patient as an abdominal pain which has shifted and changed in character. 

· Migration of pain from the periumbilical area to the RLQ is the most discriminating feature of the patient's history.
· This finding has a sensitivity and specificity of approximately 80%
· Typically, coughing or sudden movement exacerbates the right iliac fossa pain

· Nausea and vomiting: Nausea and vomiting, if they occur, follow the onset of pain. 

· The diagnosis of appendicitis should be reconsidered in patients in whom nausea and emesis are the first signs of illness

· Nausea is present in 61-92% of patients; anorexia is present in 74-78% of patients
· Fever: Fever and leukocytosis usually follow later in the course of illness. 

· During the first 6 hours there is rarely any alteration in temperature or pulse rate. 

· Low grade fever up to 101.0 F (38.3 Celsius) may be present. 

· A perforated appendix must be considered in a patient whose temperature exceeds 103.0 F (39.4 Celsius). 

· The same considerations apply for an elevated white blood cell count. 

· Many patients will have a mild leukocytosis of up to 15 X 10(3)/mm. 

· Perforation is more likely to have occurred in patients with a higher leukocyte count 

· Diarrhea or constipation is noted in as many as 18% of patients and should not be used to discard the possibility of appendicitis
· An inflamed appendix near the urinary bladder or ureter can cause irritative voiding symptoms and hematuria or pyuria.
Physical examination

· The diagnosis of appendicitis rests more on thorough clinical examination of the abdomen than on any aspect of the history or laboratory investigation. 

· The cardinal features are those of an unwell patient with low grade pyrexia, localised abdominal tenderness, muscle guarding and rebound tenderness
· McBurney point: Gentle superficial palpation of the abdomen, beginning in the left iliac fossa moving anticlockwise to the right iliac fossa, will detect muscle guarding over the point of maximum tenderness, classically McBurney point. 

· Pointing sign: The patient is then asked to point to where the pain began and to where it moved 

· Rovsing’s sign: Deep palpation of the left iliac fossa may cause pain in the right iliac fossa, which is helpful in supporting a clinical diagnosis of appendicitis. 

· It is indicative of right-sided local peritoneal irritation

· Psoas sign: Occasionally an inflamed appendix lies on the psoas muscle and the patient, often a young adult, will lie with the right hip flexed for pain relief 
· Pain in the right lower quadrant brought on by extension of the right hip (iliopsoas sign), is associated with a retrocecal appendix

· It suggests that an inflamed appendix is located along the course of the right psoas muscle
· Obturator test: Spasm of the obturator internus is sometimes demonstrable when the hip is flexed and internally rotated. 

· If an inflamed appendix is in contact with the obturator internus, this manoeuvre will cause pain in the hypogastrium (Zachary Cope).
· Pain with internal rotation of the hip (obturator sign) is associated with a pelvic appendix

· These signs are present in a minority of patients with acute appendicitis. 

· Their absence never should be used to rule out appendiceal inflammation

· Dunphy's sign: Sharp pain in the RLQ elicited by a voluntary cough. 
· It may be helpful in making the clinical diagnosis of localized peritonitis. 
· Similarly, RLQ pain in response to percussion of a remote quadrant of the abdomen, or to firm percussion of the patient's heel, suggests peritoneal inflammation. 
· Markle sign: Pain elicited in a certain area of the abdomen when the standing patient drops from standing on toes to the heels with a jarring landing, is stated in DeGowin's Diagnostic Examination to be very sensitive for localizing true peritonitis

Differential diagnosis

1. Pelvic inflammatory disease (PID) or tubo-ovarian abscess 

2. Endometriosis 

3. Ovarian cyst or torsion 

4. Ureterolithiasis and renal colic 

5. Degenerating uterine leiomyomata 

6. Diverticulitis 

7. Crohn disease 

8. Colonic carcinoma 

9. Rectus sheath hematoma 

10. Cholecystitis or biliary colic
11. Bacterial enteritis 

12. Mesenteric adenitis 

13. Omental torsion

14. Abdominal Abscess
15. Ectopic Pregnancy
16. Gastroenteritis
17. Inflammatory Bowel Disease
18. Pediatrics, Intussusception
19. Urinary tract infection
Investigations 

Laboratory

· Urinalysis: A urinalysis is frequently obtained to rule out a urinary tract infection. 
· The results can be confusing since the inflamed appendix is often in close proximity to the bladder and ureter; as a result, microscopic hematuria and pyuria are found in up to one-third of patients with acute appendicitis 
· Cultures: Pelvic cultures may be useful in sexually active, menstruating women. 
· Pregnancy test: A beta-HCG is mandatory to rule out an ectopic pregnancy.
· In women of reproductive years, it is wise to obtain a urinary pregnancy test before proceeding to exploration. 
· CBC: A full blood count and urinalysis should be performed in all cases. 
· Although leukocytosis is common, 30 percent of patients with acute appendicitis have a normal white blood cell count. 
· On the other hand, more than 95 percent of these patients have a left shift
· UECs: In dehydrated or elderly patients or where comorbid conditions dictate, serum urea and electrolytes should be checked.
· C-reactive protein test: C-reactive protein (CRP) is an acute-phase reactant synthesized by the liver in response to infection or inflammation.

Imaging:
· Ultrasound: Pelvic ultrasound is of value in excluding tubal or ovarian disease if suspected. 
· Abdominal ultrasound examination is a useful diagnostic tool, particularly in children, with a diagnostic accuracy of appendicitis in excess of 90 per cent 

· Plain radiograph: If a diagnosis of intestinal obstruction, intussusception or ureteric colic is being entertained, a supine abdominal X-ray should be performed 
· Plain radiographs are usually not helpful for establishing the diagnosis. 
· However, the following radiographic findings have been associated with acute appendicitis: 
· Right lower quadrant appendicolith 
· Localized right lower quadrant ileus 
· Loss of the psoas shadow 
· Free air (occasionally) 
· Deformity of cecal outline 
· Right lower quadrant soft tissue density
Other tests

· Alvarado score for appendicitis 

	Symptoms 
	Signs
	Laboratory 

	Migratory Right inguinal pain    1
	Tenderness of RIF       2
	Leukocytosis     2

	Anorexia                                    1
	Rebound tenderness    1
	Shift to the left   1

	Nausea and vomiting                1
	Elevated temperature  1
	


· Interpretation 

· Score of 7 or more : acute appendicitis

· 5-6 equivocal score: do abdominal ultra sound, CT etc

· Also called MANTRELS score

	Characteristic
	Score

	M = Migration of pain to the RLQ
	1

	A = Anorexia
	1

	N = Nausea and vomiting
	1

	T = Tenderness in RLQ
	2

	R = Rebound pain
	1

	E = Elevated temperature
	1

	L = Leukocytosis
	2

	S = Shift of WBC to the left
	1

	Total
	10


· McKay et al reviewed 150 emergency department patients who underwent abdominopelvic CT to rule out appendicitis. 

· In that series, patients with a MANTRELS score of 3 or lower had a 3.6% incidence of appendicitis, patients with scores of 4-6 had a 32% incidence of appendicitis, and patients with scores of 7-10 had a 78% incidence of appendicitis. 

· These investigators suggested that patients with an Alvarado score of 0-3 could be discharged without imaging, that those with scores of 7 or above receive surgical consultation, and those with scores of 4-6 undergo computed tomography
Treatment

· The mainstay of treatment for appendicitis is surgery. 
· However, the timing of surgery and preoperative measures depend upon the clinical presentation. 
· Initial medical therapy may be required in patients who have developed an abscess or phlegmon
General measures 

· Establish intravenous access and administer aggressive crystalloid therapy to patients with clinical signs of dehydration or septicemia

· Patients with suspected appendicitis should not receive anything by mouth

· Administer parenteral analgesic and antiemetic as needed for patient comfort.

· Administer intravenous antibiotics to those with signs of septicemia and to those who are to proceed to laparotomy

· Patients with acute appendicitis require adequate hydration, treatment of electrolyte abnormalities, and perioperative antibiotics 
· The choice of antibiotics depends upon the clinical presentation. 
· In patients with acute nonperforated appendicitis, antibiotic coverage for surgical wound prophylaxis is adequate. 
· We use a combination of cefazolin and metronidazole. 
· Postoperative antibiotics are unnecessary
· In patients with perforated appendicitis, the antibiotic regimen should cover enteric gram negative rods and anaerobes 
· Combination therapy with either a second or third generation cephalosporin or a fluoroquinolone plus metronidazole is adequate for most patients. 
· Antibiotics should be continued for 7 to 10 days
Late presentation 

· Patients who present within 24 to 72 hours after the onset of symptoms usually undergo immediate appendectomy. 
· In contrast, patients who present with a longer duration of symptoms (more than five days) and have findings localized to the right lower quadrant should be treated initially with antibiotics, intravenous fluids, and bowel rest. 
· These patients will often have a palpable mass on physical examination; a CT scan may reveal an abscess that can be drained via percutaneous drainage
· Immediate surgery in patients with a long duration of symptoms is associated with increased morbidity, often requiring extensive dissection and possibly leading to injury of adjacent structures, such as the small bowel, and the need for an ileocolectomy or cecostomy. 
· Fortunately, these patients uniformly respond to nonoperative management since the appendiceal process has already been "walled-off."

· A simple interval appendectomy has traditionally been recommended at a later time (e.g. 8 to 10 weeks) for two main reasons: 
· To prevent recurrence, this has been described in up to 20 percent of patients. 
· To exclude neoplasms (such as carcinoid, adenocarcinoma, mucinous cystadenoma, and cystadenocarcinomas). Older patients should have a colonoscopy or barium enema to rule out cecal pathology.

Complications:

· Wound infection

· Intra-abdominal abscess, sometimes diaphragmatic

· Fecal fistula

· Intestinal obstruction

· Incisional hernia

· Liver abscess (rare)

· Peritonitis with paralytic ileus

