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ABSTRACT

Objective: To provide an overview of the changing epidemiology of acute appendicitis in the
developed and developing countries and the presumptive reasons.
Data source: Major published series of the last two decades were reviewed using Medline
Search and Index Medicus. The myriad of diagnostic approaches currently employed to
reduce the hitherto high rates of negative appendicectomy were examined and current
trends of management analysed.
Conclusion: The treatment modalities of acute appendicitis have undergone tremendous
changes in the last decade.

INTRODUCTION

Whereas appendicular inflammation may be part of
the general small or large bowel inflammation, acute
appendicitis refers to a distinct entity pathologically
characterised by acute transmural inflammation with
peritonitis. Clinically, it is a disease with an acute onset of
pain, which is initially periumbilical but later shifts to the
right iliac fossa accompanied by rebound tenderness.
Although it is more than 100 years since McBurney
reported his study of eight patients with appendicitis,
today both the aetiology and the diagnosis of this condition
remain enigmatic. Despite the noted recent decline in the
incidence in the Western world after the initial rise in the
19th century, appendicitis is still the commonest cause of
abdominal operations(1).

The high negative appendicectomy rates with the
attendant morbidity remain a source of concern. Thus,
additional diagnostic tools have evolved. Many of these,
however, have been characterised by limitations of low
accuracy, high false negative rates and at times high costs.
With the recent development in general laparoscopic
surgery and its potential advantages, laparoscopic
appendicectomy is seeking acceptance as the treatment of
choice for early appendicitis. This paper will review the
status of acute appendicitis with a view to reminding
ourselves of its central place in abdominal emergency
surgery.

INCIDENCE

Acute appendicitis was relatively unknown before
the 19th century. Following a change in diet from cellulose
based foodstuffs to foods rich in meat; its meteoric rise to
become the most important abdominal disease was
phenomenal. But, the diet factor could not explain
everything. The fact that the disease could affect vegetarians
and infants as well begged for other explanations (Table 1)

for the rise(1-3). The incidence of the disease is highest in
the Western world. It is put at around 15%(4,5). In England
and Wales, yearly admissions are estimated to currently
stand at over 40,000 having fallen from over 100,000 in
the 1960’s(5). In the USA it is estimated that 250,000 new
cases of appendicitis are diagnosed yearly(6). The incidence
amongst Africans and Asians has consistently been reported
to be low. Reports from Africa put the incidence at around
1%(7-9).

In recent years, the incidence of the disease and
mortality have been on a downward trend in developed
countries, presumably because of earlier diagnosis,
increasing public awareness, effective antibiotics and
early surgery(10). The situation in the developing world is
the opposite with some workers noting a rise in the
incidence of appendicitis(9,11,12), presumably because
the diet in these parts of the world is today resembling
more and more that of the West. The incidence of
perforation has remained the same(13). The disease is
commonest in the second and third decades of life and rare
in the under twos and the elderly although in the latter age
groups the complication rates are higher(9). Males are
more affected than females and the disease is commoner
in individuals of higher social status. In Africa the disease
is reportedly commoner in the urban than in the rural
areas(14).

ANATOMY

The appendix is a blind-ended tubular structure with
an average length of 7.5cm. It is characteristically a human
structure shared by only a few apes and the Australian
wombat. It is longer in males and possesses a tiny lumen
that admits a matchstick. It presents as an outpocketing
from the caecum inferior to the ileocaecal junction with a
variable position in relation to these structures. 75% of
appendices are retrocaecal, 21% pelvic and the rest either
post-ileal, paracaecal or pre-ileal. Attached between it and
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the ileum is the mesentery (mesoappendix). This mesentery
is laden with fat in the adult and the appendicular vessels
within it are only visible in the child. The appendicular and
accessory appendicular arteries, branches of the ileocolic
artery from the superior mesenteric artery, supply it.
These vessels lie on the free border of the mesentery but
may lie directly on the wall of the appendix especially
where the mesentery is lacking. The vessels become end-
arteries once they reach the wall of the appendix . Thus
thrombosis of the vessels would result in necrosis of the
structure.

Table 1

Aetiological theories

Lack of fibre theory
Proposed early in the century when the disease was relatively new as a
distinct entity. It received a boost in the 1970’s as the disease was noted
to be rare among the rural populations of developing nations. Today the
theory is shaky as the falling incidence of the disease started from the
1930’s while fibre intake increased only recently. In addition, the disease
is still rare among urban blacks despite their low fibre intake.

Infection theory
Bacteria are able to invade and destroy the appendix when obstructed.
Faecoliths in the old and lymphatic tissue in the young obstruct the
appendix causing distal stasis that predisposes to infection.

Hygiene hypothesis

This attributes the initial rise to improved sewage disposal and water
supplies. This altered children’s immune response to later virus infections
so that they now triggered appendicitis. The same hygiene factor is
however thought to explain the declining incidence. There are now fewer
infections among adolescents.

Other

Breast-feeding is a marker of some unknown socio-economic factor
associated with low risk of appendicitis. Potato consumption has also
been curiously linked to the risk of appendicitis.

Histologically the appendix has four layers like the
rest of the intestinal tract. The mucosa is columnar with
crypts that contain the Kultschinksy cell. These cells give
rise to carcinoids. The mucosa has aggregations of
lymphoid tissue, proliferation of which may block the
lumen of the appendix. The peak incidence of appendicitis
in childhood, adolescents and early adulthood coincide
with the period of maximal lymphoid development(10).
This lymphoid tissue atrophies with age. The muscular
layer has inner circular and outer longitudinal layers, the
representing the convergence of taenia coli of the caecum.

The appendix develops as a derivative of the midgut
loop at whose caudal limb the caecal diverticulum develops.
The vermiform appendix develops as another diverticulum
from the caecal diverticulum initially at the tip but because
the right side of the caecum grows faster that the left wall,
the appendix later comes to lie on the left wall of the
caecum. Soon after the return of the midgut to the abdomen
following physiological herniation, the caecum is located
subhepatically and later elongates to then lie in the right
iliac fossa. Failure to do this may lead to subhepatic
position of the appendix in the adult(15). Other congenital
anomalies of the appendix may include appendicular

agenesis, duplication and left- sided appendix. The latter
is seen only in cases of situs inversus.

The surface projection of the appendix is the
McBurneys point located by the junction of the lateral
third and medial two thirds of a line joining the umbilicus
to the anterior superior iliac spine. This is classically the
point of maximum tenderness in acute appendicitis and
the point where appendicular incisions namely Lanz,
Gridiron and Rutherford Morrison are made.

PATHOLOGY

Acute appendicitis classically presents as transmural
inflammation although there are situations where only the
mucosa is affected and this is termed catarrhal appendicitis
whose usual course is resolution. Its exact clinical
significance is, however, still contentious. Grossly, an
inflamed appendix appears swollen, roughened and in
severe cases appears green or even black (gangrenous
appendicitis).

Histopathological features of appendicitis may be
summarised as: (i) ulceration of the mucosa; (ii)
polymorphonuclear cell-infiltration in all layers including
the serosa; (iii) mucosal inflammation only in catarrhal
appendicitis; (iv) abscess formation and; (v) mucin
accumulation in appendicular mucocoele

There may also be associated inflammatory endarteritis
and in upto 40% of cases, demonstrable faecoliths(5). In
two Kenyan studies, Loefler(16) in Nairobi reported
faecolith incidence of three per cent while Kakande in
Nyeri reported an incidence of 34.6%(12). In an attempt to
limit the spread of the inflammation, adjacent caecum,
small intestine, large intestines and the greater omentum
forming what is referred to as an appendicular mass may
surround the appendix.

The results of appendicular inflammation would depend
on whether the inflammation is obstructive or non-
obstructive in nature. The majority of appendicitis is
obstructive and may be followed by resolution, ulceration,
suppuration, fibrosis or gangrene. Gangrene is twice as
common in obstructed than in non-obstructed
appendicitis(5). Resolution is usual in non-obstructive forms.

CLINICAL FEATURES

A patient with acute appendicitis typically presents
with sudden periumbilical pain that shifts to become
maximal at the right iliac fossa. There is associated anorexia,
nausea and vomiting. The pain is made worse by coughing.
The patient usually has mild pyrexia. This classical
presentation is seen in only 50% of patients(5). Other
clinical features depend on the position of the appendix. In
pelvic appendicitis, the patient may present with diarrhoea
and frequency. Right upper quadrant pain is a feature in
subhepatic appendicitis and in a pregnant patient. The
appendix shifts to the upper quadrant in pregnancy. When
examined, the patient appears flushed with marked
tenderness at McBurney’s point. More often however,
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because of the variable position of the appendix, the point
of maximum tenderness is an area at the right iliac fossa
rather than a point(17). There is rebound tenderness due to
local peritonitis. It is important to note that the tenderness
may be significantly reduced in situations where the
appendix is either pelvic or retrocaecal. The inflammed
pelvic appendix may cause spasm on the psoas major and
obturator internus muscles - the basis for the psoas and
obturator tests for appendicitis. These signs, as is Rovsing’s
sign are generally unreliable in the diagnosis of appendicitis.
A digital rectal examination is useful as the examiner
elicits right-sided tenderness in pelvic appendicitis. A
mass is palpated in the right iliac fossa in the case of an
appendicular mass.

The signs of appendicitis may be difficult to appreciate
in the obese patient. In late presentation of appendicitis
features of complications (Table 2) are usually evident. In
the child, because of a shorter omentum and difficulty in
arriving at the diagnosis as the disease may only present

Table 2

Complications of appendicitis

1. Wound infections
2. Intra-abdominal abscess
3. Adhesion
4. Intestinal obstruction
5. Portal pyaemia
6. Bleeding
7. Deep Venous Thrombosis
8. Tubal infertility in females
9. Abdominal Actinomycoses

with anorexia and vomiting, perforation is common. With
appendicular perforation the complication rate rises from
8% to over 30%(9,18). In the elderly, the lax abdominal
wall, fatty abdomen and frequent use of enemas may
explain their high complication rates.

The above symptoms and signs have formed the basis
for many scoring systems for the diagnosis of appendicitis
including the Alvorado, Fenyo, Teicher, Ramirez and
Christian scores(19,20). Table 3 shows the scoring system
as advocated by Alvorado(21). Recently, Bengezi and Al-
Fallouji described a modified Alvorado score where they
replaced rebound tenderness of Alvorado with right iliac
fossa rigidity and laboratory features with extra signs like
the cough test, rectal tenderness and Rovsing’s sign(22).

Table 3

The Alvarado scoring system for the diagnosis of appendicitisc

Component Score

Migration of paint 1
Anorexia 1
Nausea and vomiting 1
Tender right iliac fossa 2
Rebound pains 1
Oral temperature >37.2 1
Leucocytosis 2
Neutrophils >75% 1

Total 10

DIAGNOSIS

The clinical evaluation of the patient has remained the
mainstay of the diagnosis of acute appendicitis. Meticulous
history and examination of the patient have direct
relationship to diagnostic accuracy. Although a number of
diagnostic tools including biochemical, structured data
collection sheets and computer protocols have been
developed to assess appendicitis, they have in the main,
augmented rather than replaced clinical evaluation(23,24).
Improvement in outcome has not been uniformly
demonstrated with routine use of the new technology. The
superiority and reliability of history and examination is
most important in differentiating acute appendicitis from
the other causes of acute abdomen (Table 4). Any
mathematical model for diagnosis of appendicitis yields
65% accuracy but this improves to 80% with input of

Table 4

Differential diagnosis of appendicitus

Adults
Acute cholecystitis
Perforated peptic ulcer
Intestinal obstruction
Acute pancreatitis
Renal colic
Diverticular disease
Non-specific abdominal pain

Children

Non-specific abdominal pain
Mesenteric adenitis
Intussusception
Urinary tract infection
Hernia, respiratory infection

Elderly

Colorectal carcinoma
Vascular diseases
Medical causes

Women

Pelvic inflammatory disease
Urinary tract infection
Ectopic pregnancy
Twisted ovarian cyst

reliable clinical signs and symptoms. The computer-based
systems are expensive and impractical. The structured
data forms are easier in a clinical setting. Thus many
centres today employ structured interview and examination
forms to achieve the stated level of accuracy. In their
recent paper, Korner et al(25) demonstrate how the use of
structured data sheet improved preoperative diagnosis in
their female population- a subgroup of patients in whom
the diagnosis is known to be difficult.

The role of leucocytosis in the diagnosis has remained
controversial. To many, its role in the diagnostic work-up
is minimal as white cell response helps in suspecting
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appendicitis in only 10% of cases(16). Radiological
procedures employed in the diagnosis of appendicitis
include plain abdominal X-ray and abdominal
ultrasonography and the CT scan. The obliterated psoas
shadow, faecolith and focal ileus that depict appendicitis
in an abdominal X-ray are only seen by the most
experienced radiologists. It is thus not useful to most
people. The ultrasonographic method used for diagnosis
of appendicitis is the graded abdominal compression
technique. Features, which would suggest appendicitis,
include: (i) Non-compressible appendix; (ii) Aperistaltic
appendix; (iii) Appendicular diameter greater than 6mm;
(iv) Circumferential loss of submucosal layer and; (v)
Presence of appendicolith (faecolith)

The result of the accuracy, sensitivity and specificity
of ultrasonography on the diagnosis of appendicitis has
been conflicting. While some studies demonstrate high
specificity of greater than 90% often results are less
satisfactory on their own(16,22). In the meta-analysis by
Orr et al. Ultrasonography shows a sensitivity of 84.7%
and specificity off 92.1% for appendicitis(27). Poor patient
tolerance, obesity, gas in abdomen and unusual location of
the appendix have been cited as the reasons for the reduced
sensitivity(20). Combined with other diagnostic modalities,
the diagnostic accuracy improves.

At the Karolinska Institute, pre-operative
investigations for suspected appendicitis include abdominal
ultrasound, white cell count and C-reactive protein.
Studying 3037 patients retrospectively at the Institute,
Styrod et al (28) reported a decline in the rate of healthy
appendix.

Computerised tomography (CT) is reported to be 93-
98% accurate in confirming or ruling out
appendicitis(29,30). The highest accuracy is with the use
of helical CT after instillation of 3% diatrizoate meglumine
(gastografin)-saline solution into the colon. A pendicular
CT is considered safe and can be performed in
approximately fifteen minutes and requires only one third
of the radiation exposure of standard abdomino-pelvic
CT.

Laparoscopy has recently gained more attention for
its diagnostic properties and therapeutic possibilities. But
the procedure is invasive and requires general anaesthesia.
It is also costly. Therefore its place in the routine diagnosis
of appendicitis remains to be seen.

TREATMENT

Urgent surgical removal of the inflammed appendix is the
treatment of choice in most cases. This may be achieved
via the open method or laparoscopically. In open
appendicectomy the incisions used are Gridiron, its
cosmetic equivalent (Lanz), Rutherford Morrison, lower
midline or lower paramedian. The appendix is exposed or
delivered, mesoappendix divided then the appendix ligated.
A purse string suture may be applied on the caecum to bury
the stump of the appendix. A drain is left in situ if there is
plenty of purulent fluid or persistent oozing. Some centres

avoid surgical removal of the appendix in the following
situations: (i) Presentation more than 48 hours; (ii)
Appendicular abscess and; (iii) Established mass.

In the conservative management of these latter
situations, the patients are put on intravenous antibiotics,
fluids, and hourly observation of vital signs and repeated
abdominal examination. If the signs and symptoms
improve, interval appendicectomy is carried out a few
months later. In the event of perforation as evidenced by
increasing pulse rate, vomiting or increasing size of mass,
emergency operation is undertaken. With the advent of
good antibiotics and improved handling of peritoneal
sepsis, the need for interval appendectomy is becoming
obsolete. Cases of success in conservative management of
appendicitis in the absence of the situations cited have
been described. Most of these have been in non-surgical
environments. Gurin et al. describe the conservative
treatment of patients on board Soviet ships(31) while
Adam described conservative treatment of appendicitis in
American submarines(32). In the controlled trial of
appendicectomy versus antibiotics treatment Errickson et
al. analysed forty patients half of whom were treated with
antibiotics and the other half with surgery. All those
treated conservatively were discharged after two days
except one who required surgery after 12 hours. Seven
were re-admitted after one year for recurrent appendicitis.
They therefore concluded that antibiotic treatment was
as effective as surgery save for the higher recurrence
rate(33).

Laparascopic appendicectomy has evolved to become
the operation of choice for early appendicitis in some
western centres. It is thought to facilitate the diagnosis of
a patient with suspected appendicitis offer a better post
operative course and add little to morbidity when compared
to open procedures(34). Analysing 8651 appendectomy
operations carried out in England and Wales, Baigrie et al.
found that 1.2% of the procedures were laparascopic. The
patient’s hospital stay was 4.1 days after open surgery
compared to 2.4 days after laparascopic surgery(13). In a
recent review of randomized control trials comparing
laparoscopic with open appendectomy, McCall and his
colleagues found that the laparoscopic procedure is
associated with a longer operating time, minimal reduction
in hospital stay, reduced rate of wound infection with no
increase in other complications(35). In the similar study of
Mutter et al. there was no difference in post-operative
pain, time of discharge or complications between men
randomised to open or laparoscopic appendicectomy(36).
With the findings from these randomised studies therefore,
it remains to be seen whether laparoscopic appendectomy
can indeed evolve to become the gold standard treatment
for acute appendicitis. Results of recent studies that
demonstrate the feasibility and safety of early discharge
after open appendectomy(37,38) only complicates matters
for the proponents of laparascopic appendicectomy.
Further, absence of surgeons trained in laparoscopic work
in the late hours of the night when the majority of diagnosis
and treatment of appendicitis is undertaken, lack of
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laparoscopic equipment in many emergency theatres and
support staff would ensure that open appendicectomy
remains the commonest operation for appendicitis for a
long time.
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