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- Pelvic Inflammatory Disease
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- Magnetic Resonance Imaging
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- Right Iliac fossa
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- Right lower quadrant
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- Total Leucocyte count
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WBC

- White Blood Cells

CT

- Computerised Tomography

ABSTRACT
Background
The most common surgical emergency in the world is Acute Appendicitis.
Inspite of greater than hundred years of experience, diagnosis of acute
appendicitis still evades the surgeon, Negative appendicectomy rate is been 20%
to 30% as reported. Surgeons are using various scoring systems to diagnose and
operate the cases.
Aim
Aim of

study is to evaluate use of “Modified Alvarado score” in

diagnosis of “Acute Appendicitis” to reduce unwanted appendicectomies.
Methodology
A study of 100 patients presenting with abdominal pain and provisionally
diagnosed as acute appendicitis were taken. A score was calculated for each
case based on Modified Alvarado score. Patients with score between 5-9 were
operated and <5 treated conservatively. Ultrasonogram was done in all patients
with score>5 to rule out other diagnosis mimicking acute appendicitis.
After surgery the appendix specimen was sent for histopathological
examination and was correlated with the clinical presentation. Hence results of
operative, conservative and HPE reviewed.

Results and Observation
In this study females were more in number with a ratio of 1.2:1 with
females. The result of this study showed that score (7-9) had a sensitivity of
95% in males, in females had sensitivity of 88.46%. The score (5-6) in men &
females had a sensitivity of 73.91% and 65.38% respectively.
Interpretation and Conclusion
The high scores in Modified Alvarado score is dependable aid in the early
diagnosis of “Acute Appendicitis” in men but it is not true as far as women are
concerned. Ultrasonography of abdomen is a useful tool in avoiding negative
appendicectomy.
Key words
Acute Appendicitis, Aid to Diagnosis, Modified Alvarado Score,
Sensitivity
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INTRODUCTION
The most common cause of emergency surgery in world is Acute Appendicitis.
Appendicitis when progressing to perforation , has a higher mortality and
morbidity, hence appendicitis has to be operated if the diagnosis is probable but
not to wait still it is certain.
The principle that when acute appendicitis is in doubt, take it out, is not correct
due to the various major and minor complications following appendicectomy.
The accurate diagnosis of acute appendicitis still difficult for the surgeon
inspite of more than 100 years of experience.Acute Appendicitis is difficult to
diagnose due to its myriad presentations.
Acute appendicitis is diagnosed by thorough clinical examination.
The accuracy of clinical examination depends on the examiner and it has to be
reported between 71% to 97%.
Due to the dire consequences of missed rupture appendix a 20% rate of
negative findings at appendicectomy is accepted traditionally.
The negative appendiectomy rate (Removal of a appendix which is normal in
people who have other causes of abdominal pain) is reported to be between
20% and 30%.
Fitz in 1886,was the first one to report the classic signs and symptoms of
“Acute Appendicitis”. The most common cause for hospital admission
requiring surgery is acute appendicits.
1

Nearly 6% to 7% of population are affected from Acute Appendicitis in whole
of lifetime, hence more effort are directed towards early diagnosis and
treatment. Due to much effort the mortality rate has been reduced to 0.1% for
non complicated “Appendicitis”, 0.6% for gangrenous appendicitis and 5% for
appendicular perforation. The diagnosis of acute is often difficult for the most
experienced surgeon.Most of the doubtful cases require hospital admission and
observation.The delay in diagnosis increases the the mortality and morbidity.
The diagnostic accuracy of Acute Appendicitis has been increased with the help
of imaging by USG Abdomen and Pelvis,CTscan Abdomen and Pelvis,
laparoscopy, and even radioactive isotope imaging.
There are number of scoring system available which aid in diagnosis of Acute
Appendicitis.
In 1986, the Alvarado score was introduced and has been used in practice to
diagnose Acute Appendicitis for adults and children. The Alvarado system,
which is a objective scoring system reduces negative Appendicectomy rate to
0-5%.Alvarado scoring system was designed so that to reduce negative
Appendicectomy rate hence to reduce the morbidity and mortality which was
modified byM. Kalan, D. Talbat, W. J. Cunliffe and A. J. Rich.
This system is not a substitute for clinical evaluation but it is an aid to diagnose
acute appendicitis and assists in arriving at a conclusion whether a case should
be taken up for surgery or not hence the number of negative appendicectomies
could be reduced.
2

AIM OF THE STUDY

Aim of this study is to evaluate sensitivity of “Modified Alvarado Scoring

System” in diagnosis of “Acute Appendicitis” in Adults.
To evaluate efficiency of “Modified Alvarado Score” in diagnosis of “Acute

Appendicitis” and to reduce unwanted appendicectomies.
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REVIEW OF LITERATURE
Luhmann J et al (1980): showed that clinical evaluation is the most
important one to prove diagnosis of “Acute Appendicitis” which is to be
operated.
Daehlin L et al (1982): A high degree of alertness has to be very much
essential for early diagnosis of “Acute appendicitis” .
Butchman TG(1984 ) et al: Any patient who was observed for a
nonsurgical condition of abdomen who does not improve during acourse of
supportive or specific therapy must be re-evaluated to be a potential surgical
candidate. Despite available imaging procedures and laboratory tests, early
diagnosis of “ Acute Appendicitis” rests on clinical skills of surgeon. A very
high index of suspicion is often necessary.
Alvarado A (1986) introduced a objective score for the early diagnosis of
“Acute Appendicitis”.
Arbjornsson E (1985): describing the usage of the scoring system, 30% of the
unwanted appendicectomies can be avoided.
Burns RP (1985): Compared patients aged between 25 to 50 with patients
older than 50 yrs and revealed that there is increased incidence of appendicular
perforation in older age group. He noted a rapid pathological and physiologic
progression of acute appendicitis in increased age.
Bailey LE et al (1986): Presenting complaints, clinical examination, laboratory
analysis did not prove helpful in establishing diagnosis. Rapid surgical
4

intervention probably contributed to the less incidence of perforation.
Nakhgevany KB et al (1986) : To avoid negative appendicectomies,
in-hospital observation and examination of the patient simultaneously by a
surgeon and a gynaecologist was recommended.
Olutola PS (1988): The presence of right lower quadrant pain or localized
ileus or both are the most reliable signs.
Van Dieijen-Visser MP et al (1991): The diagnostic value of Laboratory
parameters are more dependent on degree of inflammation or perforation or
appendicular infiltration.But, diagnostic efficiency could be improved and
unwanted appendicectomy can be prevented by a selected combination of
laboratory tests along with thorough evaluation of clinical symptoms and signs.
Ohmann et al (1995): Evaluation of the score on a Dutch database resulted in
a negative appendicectomy rate of 21% and a missed acute appendicitis
rate of 2% .
Wattanasirichaigoon (1994): This series yielded the clinically significant
lab findings that the cutoff point of TLCwas 11,500/cu mm, percentage of
neutrophils was 75% and total neutrophil was 8000 / cu mm,
Combined specificity of all three tests is high (95.74%), but the sensitivity is
low (61.55%).
Ramirez JM; Deus J (1994): Scoring system from local database can
become ideal complementary method in diagnosis of acute appendicitis.
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Graeffeo CS; Counselman FL (1996): A complete knowledge of
anatomy, physiology, pathology and signs and symptoms of appendicitis
combined with a full history and clinical examination, would be the most
important factor in diagnosing a case of Acute Appendicitis. For patients in
whom diagnosis is less clear and for patients in high-risk groups (extremes of
ages, pregnant women , immunocompromised patients),then additional
diagnostic evaluation, such as USG or CT, are recommended.
Lee JF et al (2000): “Acute Appendicitis” in elderly is associated with
more morbidity. But when “Acute Appendicitis” is diagnosed, surgery with a
right lower quadrant incision and appropriate use of antibiotics could help in
minimizing the morbidity. Pre-existing co morbid conditions contribute a
major factor for mortality in elderly patients.
Andersson REet al (2000): There are more clinical and financial costs
incurred by patients who are undergoing negative appendicectomy during
treatment of presumed appendicitis. This should be considered when evaluating
system-level interventions for improvement of the management of appendicitis.
Merhoff AM et al (2000): Laparoscopic appendicectomy is more expensive
than open appendicectomy but does not reduce hospital length of stay nor
change the time to return to but wound complications are less common.
Cardall et al (2004.): When there is statistically significant relation
between total WBC count and “ Acute Appendicitis” in patients for whom
the symptoms and signs are suggestive of “Acute Appendicitis”, then the
6

relation is modest and it is not clinically useful.
Bhattacharjee PK, Chowdhury T, and Roy D in their study of 110 patients
observed that high score (>5) was an aid both in reduction of negative
appendicectomies and pre-operative diagnosis of acute appendicitis in children
and men but it was not true for women,as there was high false positive rate.
Malik AA & Wani NA in study of 106 patients concluded that high score in
children & men was found to be easy and satisfactory aid in early diagnosis of
“Acute Appendicitis”.A high false positive rate was seen in women.
Kalan M, Rich A J, Talbot D, and Cunliffe W J in a series of 49
patients observed that presence of high score was found to be an easy and
satisfactory aid in early diagnosis of “Appendicitis” in children and men. But
false positive rate was high in women.

7

HISTORICAL ASPECT
Greek Voitre offerings have been found in Cos and Onidos, which represented
the coils of intestine on which crude effort has been made to represent appendix.
Tiberius ceaser allowed Celsus to dissect on executed criminals and he must
have felt the presence of appendix.
Aryateus of Cappedocia, in 3rd century AD is reported to have described
accurately appendicular abscess and cured the patient by incision and drainage
through the abdominal wall.
The appendix was first described by the physician, anatomist Berengario Da
Carpi in 1521. Appendix was clearly depicted in the anatomical drawings of
Leonardo da vinci, made in 1492, but published in 18th century. "Defabrica
Corporis Humani Fabrica" published in 1543 by Andres Versalius has illustrated
normal appendix.
Morgagni in 1719 published a detailed account of appendix, its site and
relations in his "Achersaria Anatomica". Verneys in 1710, coined the term
"Vermifor m appendix", vermiform meaning worm-like. Lieberkuhn in 1739
described the mucosal crypts which now bear his name. Weibrucht described a
valve situated at the junction of appendix and caecum in 1749.
Lorenz Heister in 1711 described a perforated appendix with abscess on
autopsy. Mestivier in 1759 described perforation of “Appendix” by a pin and
abscess formation in right lower quadrant. John Hunter in 1767 described a
gangrenous appendix on autopsy.
8

Francis Melier in 1827 published autopsy descriptions of appendicitis and
suggested the surgical removal of appendix. It was ignored because
of the influence of Baron Guillaume Dupuytren, as he had developed the
concept of inflammation arising from the cellular tissues surrounding the
appendix.
In 1839, Bright and Addison, in the book called "Elements of practical
medicine" described symptomatology of appendicitis and stated appendix was
the cause of many of the inflammatory processes in right iliac fossa.
Dr.Reginald Fitz in 1886 presented a paper entitled "perforating inflammation
of vermiform appendix" in which he emphasized that the most common
inflammatory diseases of right lower quadrant began in the appendix and
urged its early surgical removal.
Claudius Amyand in 1735 performed the very first known surgery and removal
of appendix from a 11yr boy presenting with longstanding scrotal hernia and
feacal fistula in thigh. Appendix was perforated by giving rise to feacal fistula.
In 1867 Willard Parker of New York advocated surgical drainage
of appendicular abscess after the 5th day of the illness.
In 1880 Lawson Tait performed first planned appendicectomy and
removed a Gangrenous “Appendix” from a 17 year old girl.
In 1884, Mickley performed appendicectomy but patient did not survive.
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In 1885, Charter Symonds, performed an appendicectomy through an
extraperitoneal approach. In 1886 R.J.Hall performed appendicectomy from an
irreducible inguinal hernia containing perforated appendix and drained a pelvic
abscess successfully.
Willard Parker operated on a patient with appendicitis, removed 2 feacoliths
and closed the perforation with sutures. Although the patient recovered, the
surgeon's thoughts on appendicitis changed after this operation.
In 1887, Dr. Edward Keith operated on Dr. Alfred Worcester and drained an
abscess, the patient recovered after 1 month of convalescence.
In 1889, Dr. Charles McBurney published several important papers. He
described the point of maximum tenderness on the anterior abdominal wall,
which is known after him, corresponding to the base of the appendix. He also
described the Grid-iron approach to appendix which was described first by
McArthur.
In 1902, Dr. A.J. Oschner published a handbook on appendicitis, in which he
advocated non-operative treatment for spreading peritonitis by keeping the
patient nil-orally, gastric lavage and nutrient enemas to allow the peritonitis to
localize and permit a safer surgery.
Herrington, Weir and Fowler described medial extension of grid-iron incision
by dividing the lateral portion of rectus sheath known as Fowler-Weir extension.
Rockey and Davis described the transverse skin incision by splitting of the
muscle in the direction of its fibers.
10

In 1902, Sir Frederick Treves operated upon King Edward III for appendicitis
successfully few days before his coronation. It was one of the most famous
cases of appendicectomy and did much to popularize the operation.
Attempts to sterilize the appendix stump with chemicals or cautery became
popular early and are still employed by surgeons.
Increased understanding of the pathophysiology of peritonitis, fluid
resuscitation and antibiotic therapy in the early 1940's decreased the mortality
rate.
In 1965, Brooke and Keller described radiologic signs of acute appendicitis.
In 1978, Gastro reported 3 cases of pneumoperitoneum. Haker D A et al.,
described the usage of laparoscopy in diagnosis of Acute Appendicitis in young
women.
In 1987, Jeffrey et al., gave an account of the role of ultrasound in diagnosis
of “Acute Appendicitis” .
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EMBRYOLOGY OF APPENDIX
Normal Development
The “Appendix” is end portion of embryonic cecum.
The “Appendix” becomes distinguishable by failure to enlarge as fast as
proximal cecum.
The difference in growth rate continues into the postnatal life.
At birth, diameter of colon is 4.5 times greater than appendix. At maturity,
it increases to 8.5 times.
The appendix is visible at about the eighth week of gestation.
At first, it projects from apex of caecum. As caecum grows, the origin
of appendix shifts medially towards the ileocecal valve .
The taeniae of longitudinal muscle coat of colon originate from base
of “Appendix” which shows same displacement.
The medial shift of adult appendix fails to occur in 5-15% of individuals. In
these cases, the appendix is funnel-shaped .
If appendix is of normal shape, it is still located symmetrically on caecal apex.
Wakeley believed that asymmetric positioning of the appendix is due to faster
relative growth of the right and anterior cecal walls in childhood.
The symmetric position is the normal mature condition.
Maisel argued that there is a rotation of the right colon and cecum about their
own long axis. Thus, the retrocecal appendix is the juvenile condition.
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Until 12th week,the cross section of “Appendix” is circular. Then it
appears as lobed.In fourth and fifth months villi are found which disappears
before birth.
In wall of “Appendix” few lymph nodules appear by seventh month.
They increase up to puberty then gradually decrease.
Obliteration of lumen is common in elderly patients.

FIG 01 - TYPES OF APPENDIX
A AND B - INFANTILE FORM
C - MATURE
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Congenital Anomalies
Because of its seemingly vestigial nature, one would expect to find great
variability of the appendix, but this is not the case. Appendiceal variations are
few, and are all rare. Although in humans the appendix appears to be vestigial as
a digestive organ, it emerges as a fully developed and functional lymphoid
organ.
Absence of Appendix
Morgagni (1719) and Hunter (1762) reported on absence of “Appendix”.
Few cases of absent “Appendix” or absent “Appendix” and cecum are reported.
An absent “Appendix” could have failed to form in eighth week.
Alternatively, it could have developed at same rate as cecum, and present,
but it lacks demarcation from rest of cecum.
Hence there may be more than four haustra in the cecum.
According to Williams, the possibility of appendiceal autoamputation,
intussusception, or volvulus suggests that any diagnosis of agenesis should be
preceded by inspection of bowel and abdomen for a mummified appendix.
Ectopic Appendix
Fawcitt found an appendix in the thorax, in association with malrotation and
diaphragmatic defect. Babcock reported the removal of an appendix in the
lumbar area. Abramson presented a case of an appendix which was located
within the posterior cecal wall, and which did not have a serous coat.
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Left-Sided Appendix
There are four conditions that could result in a left-sided “Appendix”.
They are in order (a) situs inversus , (b) nonrotation of intestines, (c) wandering
caecum with a long mesentery, (d) an excessively long “Appendix” which
crosses midline.
Situs inversus can be predicted by noting the position of the patient's heart.
Nonrotation, however, may not be recognized if there are no radiographic films
available. Further, it should be noted that in about one-half of patients with situs
inversus, the pain of appendicitis is felt in the right lower quadrant (RLQ).
If the cecum and appendix are not in the right iliac fossa, the right paravertebral
gutter and the right subhepatic space should be searched. If the cecum still
cannot be found, the incision should be closed. A midline incision should be
made that will give access to both the left and right lower quadrants.
Duplication of the Appendix
Waugh described three types of duplication of the appendix:
Double-barreled appendix, with a common muscularis and often a distal
communication between the lumina .
"Bird-type" paired appendix. Structures are symmetrically placed on either
side of ileocecal valve.
Taenia coli-type duplication. A normal appendix develops at the usual site,
and an additional small appendix forms on a taenia. This may represent a
continued development of the transitory cecal protuberance observed from the
15

sixth to the seventh week of development.
Congenital Appendiceal Diverticula
Although “Appendix” is subjected to diverticulum formation like rest of
intestine, there has been reports of formation of true congenital
“Appendiceal Diverticula”.
Heterotopic Mucosa in Appendix
Gastric mucosa, Pancreatic tissue, and Esophageal mucosa have been reported
in the appendix.
Haque et al found heterotopic bone associated with mucin-producing tumors of
appendix.
ANATOMY
The appendix arises from the cecum, which is related posteriorly to
lumbar plexus of nerves and iliopsoas muscle.
Anteriorly it is related to abdominal wall, greater omentum, or coils of
ileum. In cadaver, the apex of cecum is usually found slightly to the
medial side of the middle of the right inguinal ligament.
In living individuals the position of the cecum varies with posture, respiration,
state of intestinal distention and abdominal muscle tone.
When an individual is standing upright, the cecum and appendix often hang
over the pelvic brim.
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From apex of cecum (only relatively fixed point) “Appendix” could
project in any direction and tip could be attached to any intra abdominal organ
except spleen.
Appendix is a narrow, worm-like tube which arises from posteromedial caecal
wall or elsewhere below the end of the ileum.
It constantly arises from the site at which the 3 taenia coli converge.
It has no constant anatomical position. The 3 taenia coli merge into a complete
longitudinal muscle layer over appendix.
The anterior taenia is distinct and is useful as a guide to trace the appendix.
The length of the Appendix varies from 2-20 cm, the average is about 9 cm. In
children it is longer and may atrophy or diminish after mid adult life.
POSITIONS
Treves describes the following anatomical types comparing the appendix with
the face of the clock.
11'o clock paracolic (lies on the sulcus in the lateral aspect of the caecum).
12'o clock retroceacal (lies behind the caecum and may even be totally or
partially retrocaecal).
1'o clock pre-ileal
2'o clock post-ileal
3'o clock promontoric ( tip of appendix points towards sacral promontory ).
4'o clock pelvic (appendix dips into the pelvis)
6'o clock subcaecal or mid inguinal
17

Fig. 02: Positions of appendix

MESENTERY OF APPENDIX
The appendix has a complete peritoneal investment and a small mesentery.
This fold is derived from left leaf of peritoneum and is a continuity of mesentry.
It is triangular in shape and is attached along the whole length of appendix.
Hollinshead proposed that "since the appendix is a part of thececum and the
latter has no true mesentery, the appendix does not either; however, there is
usually a peritoneal fold enclosing the artery to the appendixwhich is commonly
referred to as the mesenteriole or mesentery of the appendix.
The mesentery of “Appendix” is embryologically derived from the posterior
side of mesentery of terminal ileum.
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The mesentery is attached to cecum and proximal “Appendix”. It contains
Appendicular artery.
The mesentery frequently appears to be too short for the appendix, which
may be sharply bent on itself.
Fig.03-Mesentry of Appendix

BLOOD SUPPLY
Arterial:
Appendicular artery, a branch of ileo-colic artery, enters the mesoappendix
from the base of the appendix running behind the terminal ileum.
A recurrent branch arises from here and anastamoses with a branch of the
posterior caecal artery.
The distal part of appendicular artery lies on wall of appendix and
mayget thrombosed in Appendicitis which results in distal necrosis or gangrene.
Variations areconsiderable. In nearly 50% of the cases there is, a branch of

19

posterior caecal artery called as an accessory appendicular artery (artery of
Sheshachalam)
Fig. 04 - Blood supply of Appendix

Fig.05 – Accessory Appendicular Artery
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Venous:
Appendicular vein is a tributary to the ileo-colic vein, which in turn drains into
the portal system.
Lymphatic:
Through the muscle wall the lymphatics drain into nodes in the meso
appendix. These drain into the paracolic nodes lying along the ileo-colic artery
and then into the superior mesenteric group.
Fig.06 – Lymphatic Drainage
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Nerve Supply
Sympathetic: Coeliac and superior mesenteric ganglia (T11, T12)
Parasympathetic: Vagus
Both these nerves form a plexus around the artery supplying the appendix.
Para-Appendiceal Fossa: Peritoneal folds near the base of the appendix are
sometimes found. Superior ileoceacal recess opens medially and downwards
justabove the terminal part of ileum. It is bounded in front by the vascular fold
ofcaecum, which contains the anterior caecal vessels. Medially by the medial
upperpart of the caecum and ascending colon. Posteriorly by the terminal ileum
and itsmesentery.Inferior ileocaecal recess opens downwards and medially
below the terminalileum. Its anterior wall is formed by the bloodless fold of
Treves extending from thelower border of the ileum to the caecum and anterior
surface of the meso appendix.Its posterior wall is formed by meso appendix.
Retrocaecal recess:
lies behind the caecum, bound anteriorly by the caecum,posteriorly by parietal
peritoneum, and on each side by caecal folds of peritoneum.
Histology
Appendiceal wall has four layers as (serosa or adventitia, muscularis externa,
submucosa, and mucosa), it differs by having the following characteristics: its
outer layer of longitudinal smooth muscle is complete, and the mucosa and
submucosa have multiple lymph nodules.
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The serosa which is outer layer.
A muscular layer composed of the longitudinal and circular layers. At the
appendiceal base, the longitudinal muscle produces a thickening that is related
to all cecal taeniae
The submucosa, which contains many lymphoid islands
The mucosa is covered by columnar epithelial cells and attenuated
antigen-transporting membrane or M cells, said by Owen and Nemanic.
Fig.07 – Histology of Normal Appendix

23

Physiology
The physiologic action of appendix in humans is not known.
Lymphatic follicles are present in huge number,so it is accepted that
“Appendix” performs immune functions.
But this does not meant that a normal appendix should not be removed in an
exploratory (diagnostic) laparotomy.
The reason is very simple: there is the possibility of future acute
appendicitis with or without gangrene, perforation, and localized or generalized
peritonitis.
Etiology and Pathophysiology
“Appendicitis”, has been the disease of the developed civilization.
There was a high incidence of “Appendicitis” in Western countries when
compared to Africa and in urban and wealthy communities comparing to rural
areas. This was said by Burkitt.
This was related to Westernisation diet that had low content of dietary fibre,
high content of refined sugars,fat,and said that diets with low fibre causes less
bulky contents in bowel, prolonging transit time of intestine,and pressure in the
lumen increases.
Burkitt said that combination of firm stool leads to obstruction in appendix and
increases pressure in lumen causing bacterial translocation across bowel wall
resulting in “Appendicitis”.
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In a group of patients with “Appendicitis”, fecoliths were common in
Canadians (52%) than the South Africans(23%). So he was of the feeling that
“Appendicitis” was due to obstruction in appendix.
Wangensteen studied , “Appendix” structure and function and its obstruction.
Based on the studies, Wangensten said that mucosal folds and sphincter
like orientation of muscle fibers in lumen of “Appendix” make it
susceptible to obstruction.
Appendicitis is explained by the following sequence of events ,
(1) A fecolith causes a closed loop obstruction and swelling of submucosal and
mucosal lymphoid tissue in base of “Appendix”.
(2) Rise in pressure inside the lumen as appendix mucosa is secreting fluid
causes obstruction that is fixed.
(3) mucosal ischemia due to increase in pressure of the appendix wall that
exceeds capillary pressure
(4) Bacterial overgrowth in lumen and bacterial translocation across the
wall of “Appendix” results in inflammation, edema, and finally necrosis.
If “Appendix” is not removed,it can progress to perforation.
Presentation
The most common cause of abdominal pain which is surgically correctable
is “ Acute Appendicitis”.
The diagnosis of “Acute Appendicitis” is difficult in most of the occasions.

25

Some signs and symptoms can be subtle to both patient and surgeon
hence could not be seen in all occasions.
Arriving at correct diagnosis is important because delay in diagnosis could
allow progression to perforation may increase mortality and morbidity.
Incorrect diagnosis of a patient with “Appendicitis”,often ends in an
unnecessary operation to patient.
Classical presentation of “Acute Appendicitis” is crampy, intermittent
abdominal pain, which is due to obstruction of lumen of “Appendix”.
The pain is difficult to localise as it may be diffuse or periumbilical.
Then typically followed shortly with nausea, vomiting may or may
not be present.
If nausea and vomiting is preceded by abdominal pain then patients are likely to
have Gastroenteritis which is another cause of abdominal pain.
Abdominal pain clasically migrates to right lower quadrant because transmural
inflammation of “Appendix” leads to inflammation of peritoneal lining of
right lower abdomen.
Most often this occurs within 12–24 hours of onset of symptoms.
The character of abdominal pain changes from colicky and dull to constant and
sharp in nature.
Most often worsening of pain occurs due to Valsalva maneuver or movement of
patient which makes the patient to lie still.
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Fever up to 101°F (38.3°C) may be present in patients.
High temperature, chills and rigor must alert surgeon to any other diagnosis
which includes includes appendiceal perforation or nonappendiceal causes.
Patients with “Appendicitis” commonly have anorexia, “Appendicitis” is
unlikely in patients with normal appetite.
The surgeon must know that classical presentation of “Acute Appendicitis” is
not seen in all patients.
Patients may have no or only few of symptoms .
When abdominal pain is constant, it could localize to other quadrants in
abdomen because of alteration in anatomy of appendix as seen in malrotation
or late pregnancy.
In patients who have Retrocecal “Appendix”, pain can never localize still
generalized peritonitis occurs from perforation of appendix.
Bowel or Urinary frequency can be present due to inflammation of “Appendix”
Which irritates adjacent rectum or bladder or rectum.
Perforated Appendicitis
It common that if untreated, inflammation of “Appendix” could progress to
necrosis and then progress to perforation.
The time taken for progression to perforation is different among patients.
In a study patients with non perforated appendicitis had an average time of 22
hours of symptoms prior to admission to hospital, but patients with
Perforation of “Appendix” had an average time of 57 hours.
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20% of patients with appendiceal perforation presented within a time of 24hours
of onset of symptoms.
Velanovich and Satava said that the misdiagnosis rate of a surgeon(the
percentage of normal “Appendix” found at Appendicectomy) is inversely
related to the rate of perforation (the percentage of perforated “Appendix” found
at surgey).
Temple and colleagues had shown that patients with perforation of appendix
were operated earlier than non perforated appendicitis (6.5 hours versus 9
hours), but patients with perforation had more time of prehospital
symptoms (57hours versus 22 hours).
These findings were confirmed by 2 other studies which showed that longer
duration of prehospital delay has a major contribution to perforation.
When acute appendicitis progresses to perforation of appendix,some other
symptoms could be present.
Patients would complain of 2 or more days of pain in abdomen, but
duration of symptoms will be short.
The pain may be localized to right lower quadrant if perforation of “Appendix”
Is walled off by surrounding abdominal structures which includes omentum.
Pain would be diffuse if generalized peritonitis had occured.
Patients with perforation of “Appendix” would have high fever of up to 102°F
or above and rigors.
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Patient may present with history of poor intake by oral and dehydration.
Most patients with Appendicular perforation presents with symptoms related to
inflammed “Appendix” or localized intraperitoneal abscess caused by
perforation.
Abscesses could be formed due to perforation of a Retrocaecal “Appendix” in
the retroperitoneum, or in the liver due to hematogenous spread of infection
through the portal venous system.
An Intraperitoneal abscess can cause a Enterocutaneous fistula by fisrulising to
skin.
Pylephlebitis (septic portal vein thrombosis) will present with high fever and
jaundice and is a dangerous complication of “Acute Appendicitis” and hence
carries a very high mortality.
Some would present with obstipation and bilious vomiting due to small bowel
obstruction which results from perforation of “Appendix”.
Diagnosis
History and Physical Examination
The diagnosis of “Acute Appendicitis” is by a full clinical history and physical
examination.
The patient must be asked about various symptoms of “Appendicitis”.
The Surgeon must not be misguided by absence of many of symptoms.
Many patients with “Acute appendicitis” may not be with a classical history.
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The differential diagnosis of “Acute Appendicitis” is more,hence patients must
be asked about various symptoms that could suggest other diagnosis.
The Surgeons should remember that previous “Appendicectomy” does not
definitively exclude diagnosis of “Appendicitis” because "stump appendicitis"
(“Appendicitis” in remaining appendix stump after appendicectomy) occurs.
On inspection, patients are mildly ill and could have slightly elevated
pulse and temperature.
Most often patients lie still in bed to avoid movement because it causes
peritoneal irritation.
The surgeon must start examining abdomen in left upper quadrant
away from the place where patient describes pain.
Maximal tenderness, typically occurs in right lower quadrant, near or at
McBurney's point which is located at a point one-third of way from
ASIS to umbilicus.
Tenderness is often seen with signs of peritoneal inflammation and
localized muscle rigidity which includes rebound tenderness.
The most consistent sign of “Acute appendicitis” is Right lower quadrant
Tenderness and the presence must always raise diagnosis of “Appendicitis”,
even in the absence of other symptoms and signs.
Tenderness may be in right upper quadrant or right flank, or left lower quadrant
or suprapubic region due to various location of “Appendix”
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Patients with pelvic or retrocaecal “Appendix” could have no tenderness .
Rectal examination could be helpful in eliciting right sided pelvic tenderness in
these cases.
On physical examination many signs can be detected which contributes to
diagnosis of “Appendicitis”.
Rovsing's sign is on palpation of left lower quadrant there will be pain in right
lower quadrant, due to localized peritoneal inflammation in right
lower quadrant.
McBurneys sign is pain over Mcburneys point.
Psoas sign is on flexion of leg at right hip there will be pain this could be
present in a Retrocaecal “Appendix” as inflammation will be seen adjacent to
psoas muscle.
The obturator sign is on rotating the flexed right thigh internally there will be
pain which indicates, there will be inflammation adjacent to obturator muscle
in pelvis.
In Appendicular perforation,the look of patient will be gravely ill, appearing
flushed with dry mucous membranes and rise in pulse or temperature.
If sepsis had developed then blood pressure could be low.
Abscess or phlegmon could be formed,if perforation is walled off by
surrounding structures hence in right lower quadrant, a mass could be palpable.
Patient may have signs of generalized peritonitis with diffuse rebound
tenderness, guarding and rigidity ,if intra peritoneal rupture had occured.
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Laboratory Studies
Laboratory studies could be helpful in diagnosis of “Appendicitis”.
But there is no single test which is definitive.
WBC count is the most useful laboratory test.
In non perforated appendicitis there is slight elevation of WBC, but there could
be marked elevation in presence of perforation.
The clinician must also remember that WBC could be normal in early cases
who have “Acute Appendicitis”.
Diagnostic accuracy is improved by Serial WBC count measurements.
The rise in value of WBC count over a period of time is most commonly seen
in patients with “Appendicitis”.
Urine analysis is performed to diagnose abdominal pain of other causes,such as
ureteral stone or urinary tract infection.
A urinary tract infection, may be seen in patients with “Acute Appendicitis”.
But the presence of it does not exclude diagnosis of “Acute Appendicitis”.
Hence it must be correctly identified and treated.
Though pyuria is seen in urinary tract infection, it is not uncommon for
urine analysis in a patient with “Appendicitis” to show few WBCs
due to ureteric inflammation by adjacent “Appendix”.
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Serum amylase and liver enzymes could be helpful in diagnosing Pancreas,
Liver or Gallbladder disease in patients who complain of right upper quadrant
or mid abdominal pain.
Urine human chorionic gonadotropin should be seen in women of child bearing
age due to possibility of concurrent or ectopic pregnancy.
The other cause of right lower quadrant pain is ectopic pregnancy which
requires emergency diagnosis and treatment.
Diagnostic Scores
Diagnostic scoring systems has been developed to improve diagnostic accuracy
of the “Acute Appendicitis”.
The most prominent of scores was developed by Alvarado based on a
retrospective analysis of 305 patients with abdominal pain suspicious of
appendicitis.
This scoring system gives points for symptoms (migrating pain to RIF, anorexia,
and nausea/vomiting), physical signs (RIF tanderness, rebound
tenderness, and fever), and laboratory values (leucocytosis and a shift to left).
With recent improvement in imaging studies,scores play little role in diagnosis.
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TABLE 1- ALVARADO SCORE

SYMPTOMS

SCORE

Migratory pain to RIF

1

Nausea/Vomiting

1

Anorexia

1

SIGNS

Tenderness in RIF

2

Rebound tenderness in
RIF

1

Elevated Temperature

1

LABORATORY
FINDINGS

Leucocytosis

2

Shift to left of
neutrophils

1

TOTAL

10
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Imaging Studies
The various imaging modalities to diagnose acute appendicitis are
plain radiograph of abdomen, ultrasonography of abdomen and computed
tomography.
Before more use of latest imaging techniques, plain radiographs of
abdomen were done in patients who have abdominal pain.
A right lower quadrant fecolith (“appendicolith”) was considered
pathognomonic for “Acute Appendicitis”.
It is not unusual to see caecal distention or a sentinel loop of distended small
intestine in right lower quadrant in patients with acute appendicitis.
In late appendicitis with perforation and abscess , a mass can be
demonstrated that is extrinsic to the cecum.
There may be scoliosis to right, lack of right psoas shadow, lack of small
bowel gas in right lower quadrant with abundant gas in other areas of small
bowel and signs of edema of abdominal wall.
With late appendicitis and generalized peritonitis, will show an ileus pattern
with generalized gas throughout the small and large intestine.
Barium enema (BE) examination was recommended in the past in young
women for whom diagnosis was still uncertain after hours of observation
and patients who have debilitating systemic disease like leukemia in whom
operative risk is elevated.
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The findings that are significant on Barium enema are partial filling or lack of
filling of appendix and extrinsic pressure defect on the caecum called as
“reverse 3” sign.
Fig.08 – Fecolith in X-Ray
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Ultrasonography of the abdomen is one of the popular imaging facility.
Findings which suggest “Appendicitis” include thickening of wall of
Appendix,loss of compressibility in wall, increased echogenicity of surrounding
fat which signifies inflammation and pericaecal fluid which is loculated.
The advantage of ultrasonogram is widespread availability and no exposure to
ionizing radiation and side effects of intravenous contrast which are allergic
reactions and renal toxicity.
In women of child bearing age , ultrasonogram (both abdominal and
transvaginal) is useful in identifying gynaecological and obstetric causes of
abdominal pain.
Ultrasonogram is more operator dependent, however it is frequently unable to
visualize normal “Appendix”.
Fig.09 – Appendicular Abscess in USG
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Fig.10 – Appendicitis in USG

CT scan abdomen and pelvis is another imaging modality for “Acute
Appendicitis”.
CT has a high diagnostic accuracy for “Appendicitis” and diagnosis of
many causes of abdominal pain which could be confused with “Appendicitis”.
The findings of “Appendicitis” on CT is a dilated (>6 mm), thick-walled
“Appendix” that will not fill with enteric contrast or air and surrounding fat
stranding which suggests inflammation .
CT has a high negative predictive value, hence it is useful to exclude
“Appendicitis” in patients for whom diagnosis is in doubt.
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“Appendicitis” is not present the lumen of appendix is filled by enteric contrast
and inflammation in the surrounding is absent.
CT done early in a case of “Appendicitis” might not show any radiographic
findings. Hence, it is advisable to repeat CT after an observation of 24 hrs.
Fig.11 – Appendicitis in CT
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Radioactive Isotope Imaging
A patient's leucocytes can be incubated with a radioactive isotope and injected.
After re-injection,it can be traced in an inflammed appendix.
99mTc-hexamethylpropyleneamine oxime (Tc-WBC) scans are being used in
children for diagnosis of acute appendicitis.
Not widely available and expensive.
C-Reactive Protein
CRP is an acute phase reactant which is synthesized by liver in response to
bacterial infection.
The levels of CRP rises within 6-12 hours of acute tissue inflammation.
CRP levels measurement increases accuracy of diagnosis in “Acute
Appendicitis”.
Elevation in C-reactive level (> 0.8 mg per dl) is common in “Appendicitis”.
Differential diagnosis
The most common abdominal surgical emergency is Acute Appendicitis.
The diagnosis is extremely difficut.
There are a number of common conditions to be considered carefully and
excluded.
The differential diagnosis differs in patients of different ages, in women and in
elder patients.
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Adult Male
1.Terminal ileitis
Acute form of it is indistinguishable from acute appendicitis unless a
doughy mass of inflamed ileum is felt.
History of weight loss, abdominal cramping , diarrhoea suggests regional
ileitis .
The ileitis may be non-specific, due to Crohns disease or Yersinia
infection.
Inflammation of terminal part of ileum,also appendix and caecum along
with mesenteric adenopathy is seen in Yersinia infection.
Serum antibody titres is diagnostic, and treatment is with IV tetracycline.
If Yersinia infection is suspected at surgery a mesenteric lymph node
must be excised, divided one half sent for microbiological culture
(including tuberculosis) and other half for histological examination.
2. Ureteric colic
The character and radiation of pain differs from appendicitis.
Urinalysis should be performed.
Renal ultrasound or intravenous urogram is diagnostic.
3.Right-sided acute pyelonephritis
Main symptom is increased frequency of micturition.
It is difficult to diagnose in women.
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The important features are tenderness confined within the loin, fever
(temperature 390C) and rigors and pyuria.
4. Perforated peptic ulcer
Duodenal contents pass through para-colic gutter to right iliac fossa.
History of dyspepsia and pain in epigastrium that passes down the right
paracolic gutter seen in perforation.
In appendicitis, pain starts in umbilical region.
Rigidity and tenderness in right iliac fossa are present in both but in
perforated duodenal ulcer, the rigidity is greater in right hypochondrium.
Air under diaphragm will be seen in 70% of patients of perforated
peptic ulcer.
CT abdomen is needed when there is difficulty in diagnosis.
5. Torsion of Testis
In Teenage or young adult male pain could be referred to right iliac fossa.
Shyness of patient may lead to unwary suspect of appendicitis.
Hence scrotum must be examined in all cases.

6. Acute pancreatitis
Should be considered in most of the adults suspected of “Acute
Appendicitis” and excluded by amylase measurement in serum or urine.
7. Haematoma in Rectus Sheath
Rare and easily missed differential diagnosis.
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After an episode of strenuous physical exercise, it is usually presented by
acute pain and localised tenderness in right iliac fossa.
Localised pain with no gastrointestinal upset.
Occasionally, in elderly patient, taking anticoagulant therapy, a rectus
sheath haematoma presents as mass and tenderness in right iliac
fossa after minor trauma.
Adult female
Acute appendicitis mimics pelvic disease in child bearing women.
Thorough gynaecological history about menstrual cycle,vaginal discharge and
pregnancy must be done in all women suspected of appendicitis.
1.Pelvic inflammatory disease
Spectrum of diseases which include tubo-ovarian sepsis,
endometritis, salphingitis.
In every young adult female incidence of these diseases are increasing. T
The pain is bilateral and lower than in appendicitis.
History of dysmenorrhoea, vaginal discharge and burning pain on
micturition are differential diagnostic points.
Clinical findings are adenexal and cervical tenderness on vaginal
examination.
On suspection, a high vaginal swab is taken for Neisseria gonorrhoeae
and Chlamydia trachomatis and culture.
Opinion of a gynaecologist is obtained.
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Transvaginal ultrasound is helpful to establish the diagnosis.
Diagnostic laparoscopy is done when diagnosis is doubtful.
2. Mittelschmerz
Lower abdominal and pelvic pain is seen in mid cycle follicular rupture.
Systemic symptoms is rare.
Symptoms subside within hours.
3. Torsion/Haemorrhage of Ovarian cyst :
This is a difficult differential diagnosis.
Pelvic ultrasnogram and gynaecologist opinion should be done.
4.Ectopic pregnancy
Right-sided tubal abortion or Right-sided unruptured tubal pregnancy
have signs similar to acute appendicitis, except pain commences on the
right side and stays there.
Pain is severe and continues unabated until surgery.
Mostly there will be a history of missed menstrual period and urinary
pregnancy test positive.
When cervix is moved on vaginal examination will be severe pain.
In ruptured ectopic signs of hemoperitoneum will be seen.
Pelvic ultrasonography must be done in all cases of ectopic pregnancy.

44

Elderly
1. Sigmoid diverticulitis
A long sigmoid colon loop may lie to right of midline in RIF and
difficult to differentiate between diverticulitis and appendicitis.
Abdominal CT scanning is useful and done in all patients >6oyrs of age.
2. Intestinal obstruction
The diagnosis of intestinal obstruction is clear; subtle lies in
identifying “Acute Appendicitis” as occasional cause in elderly patients.
3. Carcinoma of Caecum
Obstructed or perforated carcinoma of caecum may mimic or cause
obstructive “Appendicitis” in adults.
History suggestive of abdominal discomfort, unexplained anaemia or
altered bowel habits raises suspicion of carcinoma caecum.
A mass shall be palpable
Barium enema is diagnostic.

Complications of Acute Appendicitis
Local Peritonitis
Peritoneum gets infected when infection spreads through entire thickness of
wall of “Appendix” up to serosa.
No further spread occurs if infection is controlled locally otherwise diffuse
peritonitis sets in.
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Peritoneal cavity gets inflamed entirely by any one of ways:
Acutely inflammed “Appendix” bursts or perforates before localizing factors
Could localize spread of infection.
Patients general condition is poor or immunosuppressed.
Organisms are virulent.
Appendicular mass and abscess
A walled off perforated appendix can form an inflammatory mass.
Usually a history of 4-5 days is present.
2% of patients admitted to hospital may have an appendicular mass (Bradely
and Isaac, 1978)
Clinical features
Increasing temperature with elevated pulse rate.
A tender mass in the RIF can be palpated .
Abdomen is soft and bowel sounds are present.
The mass is usually fixed to posterior abdominal wall.
Pathogenesis
The process of inflammation in a perforated appendix is gradual,
initiates a firoblastic reaction in surrounding area and localizes infection.
This occurs when resistance of host is good or organisms are low
virulent.
Then an inflammatory mass forms consisting of appendix, surrounded by
46

a layer of omentum, coils of intestine along with a serofibrinous
exudate.
A part of the mass is attached to parietal peritoneum.
In a day or two, pus is formed and accumulates in centre of mass and
fibrin organizes around it to form an abscess.
Appendicular abscess
Abscess formation is due to failure of a mass to resolve.
Clinical features
Signs of toxicity appears.
The mass and area of tenderness enlarges.
Abdominal wall may show edema, redness, fixity of the mass.
Fluctuation is seen in the tender bulge.
Patient may have strangury ortenesmus or dysuria if pelvic in position.
It may mimic a perinephric abscess if it appears on the right flank.
Pre-ileal abscess irritates ileum and causes to diarrhoea.
Abscess opens into peritoneal cavity which causes diffuse peritonitis.
The abscess may resolve or burst open with spontaneous resolution or
may cause complications.
Fate of appendicular abscess
Spontaneous resolution - 50%
Requiring drainage - 40%
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Misdiagnosis - 5%
Generalized peritonitis - 5%

Ileal Obstruction
Paralytic ileus is more common during inflammatory stage.
Adhesions around distal ileum may lead to organic obstruction.
Mesenteric vein thrombosis
Thrombosis of Appendicular vein may progress to mesenteric vein.
This could result in haemorrhagic infarction and gangrene of
distal ileum, which requires resection.
Pyelophlebitis and Liver Abscess
Infection of appendix may spread retrograde to the liver, due to portal
pyaemia.
This could occur during an acute attack or in 3-6 weeks of an acute attack or
even after 6 weeks
External or Internal Fistula
When abscess of “Appendix” ruptures through skin, an external fistula appears.
Appendicovesical, Appendicohejunal, and appendicoileal or appendicosigmoid
fistula are formed when appendix perforates into a viscus.
Symptoms are due to discharge of contents from “Appendix” to other viscus.
It could also be due to bowel herniation below the fistulous tract.
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Unusual Presentations
Acute appendicitis in Infants and Young children
Acute appendicitis is infrequent and difficult in diagnosis for many reasons
No accurate history is given by the patient.
Abdominal pain common in infants and children is acute and non specific.
Hence diagnosis and treatment are delayed and complications develop.
Early complaints are fever, irritability, vomiting, diarrhoea, flexing of thighs.
The physical finding which is most consistent is abdominal distension.
The total leucocytic count is not a reliable test.
Perforation incidence is 100% in infants less than 1 year of age.
It decreases to 50% at 5 years of age.
The mortality rate is very high ts 5%.
Appendicitis in young women
Negative laparotomy is high at 20% in patients suspected of appendicitis.
In women < 30 years of incidence is high at 45%.
Misdiagnosis is due to pain during ovulation, disease of ovaries, fallopian tubes,
uterus and urinary tract infection.
Appendicitis during pregnancy
The risk of appendicitis is same as in nonpregnant women.
Incidence is 1 in 2,000 pregnancies.
Occurs frequently in during the first two trimester.
Surgery must be performed in pregnancy when appendicitis is suspected, as in a
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nonpregnant woman.
Rotation by the enlarged uterus displaces caecum and appendix laterally in third
trimester of pregnancy.
Hence pain is localised cephalad or lateral in the flank,which leads to
diagnostic delay increases incidence of perforation.
Infant mortality increases due to prematurity if peritonitis and sepsis develops.
Appendicitis in the Elderly Population
In elderly persons mortality rate is high comparing with young adults.
Increased risk of mortality is due to delay in seeking medical care and
diagnosis.
Presence of Comorbid conditions also contributes to mortality.
The major reason for increase in mortality of is delay in treatment.
Right lower quadrant tenderness will be seen in most patients,on initial physical
examination. Other findings are minimal.
Clinical features suggesting of small bowel obstruction with abdominal
distension is commonly seen.
At the time of surgery ruptured appendix will be seen in 30% of patients.
Hence when the diagnosis of acute appendicitis is made, an urgent surgery is
advised.
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Atypical Acute Appendicitis
Acute appendicitis with diarrhoea is a significant sign in case of pelvic
appendix, denoting irritation of the rectum with infected peritoneal exudate.
Acute appendicitis with hyperpyrexia
In some cases of fulminating appendicitis the disease may be ushered in
with a very high temperature.
Acute appendicitis without rigidity of abdominal muscles:
When the patient is examined very early in the course of disease.
When the appendix lies deep in the pelvis.
When the appendix is situated behind the caecum and the colon and is
retroperitoneal.
When the inflammatory process is halted or subdued for a while, by
antibiotics.
Appendicitis with Hrischprungs disease
In 1967, Martin described association between neonatal perforation of
appendix and Hirschsprung's disease and quoted 3 such cases.
In newborns, the common cause of large bowel obstruction are, Hirschsprung's
disease, imperforate anus, meconium plug, etc.
This leads on to over-distension of the caecum and appendix.
The appendix or caecum may perforate.
The treatment comprises of rectifying the primary underlying disease, along
with appendicectomy.
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Appendicitis and Actinomycosis
Actinomyces is an anaerobic micro-organism.
The organism may be present in the lumen of appendix.
After appendicectomy, it may gain a foothold in the devitalized stump and may
lead to an external fistula, which discharges sulphurgranules.
The disease should be suspected if an external non-healing fistula
occurs after appendicectomy.
Patient may need a prolonged course of medical treatment with penicillin, for 3
weeks and constant follow-up for few months.
Acute Appendicitis and Crohns disease
The appendix may be inflammed in crohn's disease isolated only to appendix
or it may found to be normal in the course of an emergency operation in crohn's
disease patient.
There is unanimous agreement that appendicectomy is indicated when the
appendix is inflammed, in the general population as well as in crohn's
disease patients.
The recommendation not to perform appendicectomy when the
appendix looks normal and the ceacum is inflammed, is well established.
Appendicitis due to parasitic infestation
Parasites infesting the gut may enter the appendix and may occasionally cause
luminal obstruction or local inflammatory reaction.
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Enterobius vermicularis is stated to be the commonest infesting organism.
Stephenson, 1961, in a survey of 4000 consecutive appendices found infestation
of Enterobius vermicularis in 2% of all appendices and 12% of those were
associated with acute inflammation.
Nelson states that worms get attached to the mucosa, without causing
appreciable damage, but they may cause haemorrhage from the wall, or provide
opening for the invasion of the bacteria resulting in submucosal abscess.
Appendicular tumors
Carcinoid tumor
Most common and constitutes 90% of all primary tumors
of appendix. The tumor occurs usually in the tip rather than at the base of
appendix, and obstruction of the lumen by this tumor is rare. It may
incidentally be found in an appendicectomy specimen.
Mucinous cystadenocarcinoma
They present as a malignant mucocele of appendix. Unless the mucocele
has ruptured, appendicectomy will suffice.
Sarcomas
Rare and very little is known about sarcomas of the appendix.
Majority of the cases are lymphosarcomas.
Radical surgery is needed according to the case, with or without
radiotherapy.
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Adenocarcinoma
Collin found adenocarcinoma in 41 out of 50,000 appendices examined
histopathologically. It rarely leads to appendicitis.
Right hemicolectomy is the treatment of choice.

Tuberculosis of Appendix
This presentation is seen as acute appendicitis or chronic appendicitis. It
is always seen in conjunction with ileo-caecal TB. Diagnosis is only on
histopathology.
MANAGEMENT
" Earlier the operation, lower the mortality" - J.B.Murphy.
Early diagnosis and treatment by surgery is the most important principle in
“Acute Appendicitis” and this applies to patients of all age groups.
Pre-operative
The time used for pre-operative workup is not more than 6 hours.
Clinical examination , Radiological evaluation and laboratory investigations
are followed by these measures:
Patient is kept nil oral.
Parenteral fluid therapy is to maintain fluid and electrolyte balance.
Analgesics to relieve pain and reduce anxiety
Parenteral antibiotics – Cefotaxime and Metronidazole.
Maintain input and output chart
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Prepare abdomen for surgery.
Operative Procedure
Anaesthesia
Spinal or General Anaesthesia
INCISION:
There are various incisions available.Some of them are

Grid-iron incision
First described by McArthur though known as McBurney's incision.
Incision is such that the centre is in McBurney's point and at right angles to
a line joining right anterior superior iliac spine to umbilicus.
Skin, Subcutaneous tissue incised opened.
External oblique aponeurosis is opened along its fibres.
Internal oblique and transverses abdominis is split opened.
After suitable retraction, peritoneum is opened.
This incision has lowest complication rate.
It can be converted into Flower-Weir incision, by extending through rectus.
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Fig.12 – Grid Iron Incision

Rutherford-Morrison incision
An oblique muscle-cutting incision with lower end at McBurney's point
and extends obliquely upwards and laterally .
All layers are divided in same line.
The incision is useful if “Appendix” is retro or paracaecal and fixed.
Lanz incision
A small transverse incision put 1 inch medial and above ASIS and extending up
to lateral border of rectus sheath.
Incision has a cosmetic value.
Extending incision is difficult.
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Fig.13 – Lanz Incision

Battle's incision
Described in 1895, incision of variable length in right semilunar line.
This involves rectus medially.
Inferior epigastric vessels are avoided.
But vertical peritoneal incision is limited to 2 1/2 inches and damage to
segmental nerves is avoided.
Right Lower Paramedian incision
A vertical incision lying parallel to and 1.25 to 2.25 cm to right of midline.
It starts 2.5 cm below level of umbilicus and ends just above pubis.
The anterior rectus sheath is incised in line of incision and rectus muscle
retracted laterally.
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Transversalis fascia and peritoneum are incised together.
Peritoneal cavity is opened along length of incision, taking care not to
injure bladder inferiorly.
Good access to pelvic organs in female and can readily be extended upwards,
for a perforated duodenal ulcer or other intra-abdominal pathology.
Fig.14 – RPM Incision

Removal of Appendix
After abdomen is opened, wall along with peritoneum is lifted up.
If pus or serous exudates is present then removed with a sucker.
A retractor or pack is inserted to wound on medial side.
Caecum is identified by the taenia coli and delivered out with the babcocks.
A finger is inserted into medial side of wound for aiding in delivery of
“Appendix”.
After appendix is delivered, the assistant grabs the caecum.
A tissue holding forceps is applied around appendix.
The meso appendix is clamped with a haemostat, ligated and divided.
The “Appendix” freed completely, is crushed near base at the junction with
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caecum by a haemostat, which is then removed and reapplied just distal to
crushed portion.
A vicryl or catgut is tied around crushed portion close to caecum.
A purse-string suture is applied to caecum about 1.25 cm from base.
The stitch must pass through muscle coat picking up taenia coli.
It is left untied until appendix is cut with a scalpel below haemostat.
The stump is invaginated by purse-string tie, hence burying “Appendix” stump.
After attaining complete hemostasis wound is closed in layers.

STEPS IN APPENDICECTOMY
Fig.15 – Skin Incision
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Fig.16 – Opening of External Oblique Aponeurosis
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Fig.17 – Splitting Of Muscle Layer
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Fig.18 –Catching of Peritoneum

Fig.19 – Opening of Peritoneum
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Fig.20 – Mesentry Divided from Appendix

Fig.21 Crushing Appendix At Base
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Fig.22 – Dividing Appendix At Base

Fig.23 – Appendix stump
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Fig.24 – Skin Closure

Laparoscopic Appendicectomy
Indication and contraindication
Laparoscopic appendectomy is considered in any patient who is suspected of
“Acute Appendicitis”.
The most common contraindication to perform laparoscopy is inexperience of
Surgeon.
Other contraindications are uncorrectable coagulopathy and patients
with severe co morbidities like chronic obstructive pulmonary disease.
Patients who had multiple surgeries in past could have extensive
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adhesions in whole of abdominal cavity.
It is better for this patients to make an open incision directly over right lower
quadrant.
Perforated appendicitis is not a contraindication.
Most of perforated appendix can be managed laparoscopically by an
experienced surgeon.
The length of hospital stay is less.
Operative Technique
The patient is placed in supine position with arms tucked at sides.
Arms are tucked on sides so surgeon and assistant can stand
alongside the patient.
Veress needle is placed in infraumbilical position if patient has no prior
surgery.
Open Hasson technique may also be done.
1omm trocar is placed at umbilicus. This is the camera port.
An angled (30-45 degree) telescope is used for good surveying of the abdomen.
A diagnostic laparoscopy is performed.
This helps to confirm diagnosis and aid in placement of other trocars.
A 5mm trocar is placed in left lower quadrant, and a third trocar (5 mm) in
suprapubic region or right upper quadrant.
Placement of third trocar is based on surgeon's experience.
Third trocar,if placed in supra pubic region, all trocars are in same plane with
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camera hence dissection and removal of appendix is easy.
Occasionally a fourth (5 mm) trocar is required, if appendix is retrocecal.
A window is created in mesentery at appendiceal-cecal junction by a
blunt dissector.
Mesentry of Appendix is cauterised and divided.
Appendix can then be divided.
Appendix can be divided by placing two endoloop ligatures around appendix.
Appendix is placed in a specimen bag and removed through any of trocar.
Wound infection is less than traditional open appendicectomy.
The right lower quadrant is irrigated and hemostasis attained.
Complication
Wound infection is frequency as appendix does not touch the
abdominal wound.
Complications are mainly due to pneumoperitoneum and trocar placement.
Trocar placement can cause iatrogenic injury to viscera or blood vessels.
Iatrogenic injury is common in Open Hasson method.
Iatrogenic injury can also occur while manipulating small bowel or colon with
Laparascopic instruments.
The bowel can be friable due to surrounding inflammation and too much
traction can result in an enterotomy.
Then procedure is converted to open to repair such injury.
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Postoperative hernia may be seen in port sites.
Bleeding from trocar sites can be avoided by transilluminating abdominal wall
with telescope prior to insertion of other trocar by avoiding a subcutaneous
vessel.
Fig.25 – Ports in Laparoscopy
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Fig.26 – Window made in Mesentry of Appendix

Fig.27 –Cauterisation of mesentry
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Fig.28 – Loop Over Base Of Appendix
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Methods Adopted In Special Cicumstances
1) Caecum cannot be found:
Caecum has not descended fully or malrotation of the intestine is present.
An extension of the incision in an upward direction is indicated.
2) The appendix cannot be found:
Make certain that the caecum has been delivered and then trace one of the
taenia coli downwards, this must lead to the appendix.
The appendix may be buried in the caecal wall or has become inverted or
intussussepted.
3) The appendix lies buried retrocaecally:
The wound has to be enlarged.
The caecum is retracted to the right.
Once the reflection of the peritoneum on the lateral aspect of the caecum
is visible, make a hockey-stick shaped incision on the parietal
peritoneum.
After blunt dissection in the retroperitoneal space, the caecum is made
more mobile and can be retracted still further, bringing the previously
hidden appendix into full view.
4) The appendix is clothed with adherent omentum:
Adherent omentum should not be disturbed, it should be divided between
haemostats , a convenient distance from appendix.
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5) The base of appendix is inflammed:
The base should not be crushed for fear of spreading infection by way of
blood or lymph.
It should be ligated close to caecal wall, tight enough to occlude lumen.
6) The base of appendix is gangrenous:
Crush or ligature should not be applied.
Two stitches are taken through caecal wall close to gangrenous base of
Appendix and amputated flush with caecal wall.
Then the stitches are tied.
Another closure is effected by a second layer of interrupted seromuscular
suture.
7) The appendix has sloughed off:
The mesoappendix anchors the organ in the field of operation.
It may be in 2 portions if a faecolith has perforated through the wall.
In such a case both portions must be removed and the faecolith retrieved
usually from the pelvis.
8) The mesoappendix is gangrenous and cuts off:
If ligature does not hold, a stitch applied directly beneath a spurting
vessel may stop bleeding.
If the artery has Retracted, it must be sought behind the ileum.
9) The caecal wall is oedematous:
Invagination should not be attempted, the stump should be ligated and
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cut surface touched with diathermy in an attempt to reduce infection.
10) The appendix is lying against the mesentery and inflammation has
implicated the latter:
It is highly important to observe the ileum in the immediate
neighbourhood of the affected portion of mesentery.
If the intestine is devitalized,it is necessary and wise to resect the affected
segment.
11) The distal end of appendix is difficult to reach or identify:
Retrograde appendicectomy employed when the base of the appendix is
accessible and difficulty is experienced in identifying or delivering the
distal part of the organ completely.
Technique: the base of the organ is divided between two haemostats. The
mesoappendix is then clamped and divided working distally. Then the
stump is tied and invaginated. Gentle traction to organ will help in
its complete removal.

Drainage of peritoneum and the parieties
If there is purulent fluid present in pelvis or retrocaecal space, or if there is
persistent oozing, it is wise to drain the peritoneal cavity.
If there is considerable soiling of the wound, especially in children and in
obese, parietal drainage is indicated , "if in doubt, drain, especially the parieties”
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Post Operative Management
Oral feeds are withheld till the bowel sounds return and flatus is passed.
IV fluids and electrolytes are given till oral feeds are allowed.
Broad spectrum antibiotics are given to cover against mixed intestinal flora, till
culture report of the peritoneal exudate is obtained.
PTR chart is maintained.
Sedatives and Analgesics
Drain if kept in peritoneal cavity, is removed by 24-48 hrs.
Sutures removed by 7-10 days.

Treatment of Appedicular Abscess
Two types of appendicular abscess have been described
a)Recent Abscess
immediate or early operation with or without appendicectomy is the
treatment of choice for recent abscess and the mobile appencicular mass.
b) Established abscess:
Abscess walled off from surrounding structures, or an abscess resolving
with antibiotics.
Conservative management is contra-indicated in children, pregnant
women and the elderly.
Drainage is to be done as soon as the patient is fit.
In infants, appendicectomy should always be done with drainage.
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In adults,appendicectomy should be done without breaking the walling
off adhesions.
If not done at the time of drainage, interval appendicectomy should be
done 6-8 weeks later.
Systemic antibiotic coverage should be given.
Technique of drainage:
a) Precaecal, pre-ileal and post ileal abscess:
Relevant anaesthesia is administered.
Swelling located by palpation.
Incision made over the most prominent part.
Transperitoneal approach.
Index finger is inserted into the wound, abscess wall opened, pus drained.
If appendix readily comes to the finger, it is excised.
Drain placed and wound closed.
Drain is left undisturbed for 72 hrs.
After this time, it is rotated and shortened daily.
Removed by the end of 1 week, if there is no further discharge.
b) Retrocaecal abscess:
Drained by retroperitoneal approach.
Transverse incision immediately medial to ASIS.
Lateral edge of peritoneum exposed and medially stripped with
finger. Mass can thus be reached.
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After drainage, further course similar as in other abscess.
c) Pelvic abscess:
Felt on rectal examination .
If pointing through proctoscope, drained with artery forceps.
Rubber tube drain is kept in the cavity.
If pointing through vagina, posterior colpotomy done
Conservative regimen of Oschner and Sherren
Indications:
When the diagnosis is in doubt and delay is inevitable.
When the patient cannot stand surgical or anaesthetic risk due to medical
condition .
When an abscess has formed in a relatively safe area (like pelvis) with
less chance of spread of infection.
When no facility to operate or transport patient to higher centre.
When a well-defined appendicular mass has developed.
When patient refuses surgery.
This regimen should be undertaken only in a hospital where constant care
and observation is possible.
It is not a substitute for or mere postponement of surgery, but a
preparation for it.
One should be ready to abandon the regimen in favour of surgery when
need arises.
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The Regimen:
Clinical history of the patient with particular note made of the time of onset of
symptoms and diagrammatic recording of physical signs.
A chart with temperature, pulse and respiratory rate is maintained.
Patient is kept nil oral, IV fluids and electrolyte supplementation given.
Nasogastric aspiration is instituted to keep the stomach empty.
Broad spectrum antibiotic is started.Sedation is withheld.
If bowels do not act normally by 4th or 5th day, a glycerine suppository is kept.
Criteria for abandoning the regimen:
Rising pulse rate in the early stages.
Persistent fever over 36 hrs.
Copious gastric aspirate, or persistent vomiting.
Persistent pain, Increasing or spreading abdominal tenderness.
Increase in the size of the abscess.
Fluctuation, oedema, redness of skin.
Unrelenting intestinal obstruction.
Contraindications to conservative management:
When diagnosis of acute appendicitis is doubtful and other acute abdominal
conditions requiring emergency surgical intervention cannot be ruled out.
The signs of inflammation are still confined to the appendix.
Age of patient <10 yrs or >65 yrs
Pregnant women
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Oschner and Sherren suggested interval appendicectomy done after 3 months.
But present consensus is that operation should be performed as
soon as possible, after complete resolution of mass has been achieved.
Today, owing to use of antibiotics and other supplementary medication, the
general opinion is that appendix should be removed as soon as the patient can
be prepared adequately.
Complications of Appendicectomy:
Most of the complications are not peculiar to appendicectomy, but occur with
any abdominal surgery.
Early Complications:
Haemmorhage.
Diffuse peritonitis.
Pulmonary complication.
Adhesive or Neurogenic ileus.
Retention of urine.
Intermediate Complications:
Secondary or residual abscess
Pelvic
Paracaecal
Peri nephric
Sub diaphragmatic
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Wound infection
The commonest especially in a complicated appendicitis
Pyelophlebitis
Femoral or Iliac vein thrombosis
Parotitis
Persistent sinus or fistula
Rupture of caecal wall
Late Complications:
Incisional hernia
Right sided indirect inguinal hernia
Intestinal obstruction
The treatment of complications should be done as and when occurs, by early
recognition and skillful surgical intervention or conservatively as required.
Prognosis
Simple appendicectomy in uncomplicated acute appendicitis still carries a
mortality rate approaching 0.2%.
Regardless of the phase of the disease, the overall mortality of the primary
appendicectomy is appreciably under 1%.
The average hospital stay approximates 3 days for Simple appendicectomy.
Complications of gangrene and perforation extend the average stay to 7 days.
Anaesthesia, age, infirmity and associated disease influence the outcome with
respect to both morbidity and mortality.
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Improved surgical techniques, antimicrobials, nasogastric intubation and
decompression, pre and post operative fluid and electrolyte replacement, and the
application of supportive aids in recovery and intensive care units have
contributed appreciably to the reduction in morbidity and mortality from the
complications inherent in delayed diagnosis.
Alvarado Scoring System
The scoring system is based on:
3 symptoms
3 signs
2 laboratory findings.
Patients with score of 1 – 4 were not considered likely to have Acute
Appendicitis.
Those with a score of 5 – 6 were considered to have a likely diagnosis of
Acute appendicitis, and not convincing enough to immediate surgery and these
marked for further review.
Those with a score of 7 – 9 were considered to be acute appendicitis and
admitted to surgery.
The Alvarado score was modified by Kalan et al by excluding one laboratory
finding – shift to left of neutrophil maturation i.e., score 1, as this is not
routinely available and therefore, patients were scored out of 9 instead of 10.
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MATERIALS AND METHODOLGY
A prospective study of 100 patients, with a clinical diagnosis of Acute
Appendicitis admitted in the Department of General Surgery of Tirunelveli
Medical College , was conducted during a period from December 2012
To August 2013.
INCLUSION CRITERIA
All adult patients of both the sex with clinical suspicion of Acute Appendicitis
aged between 18 – 60 years admitted to the Department of General Surgery of
Tirunelveli Medical College
EXCLUSION CRITERIA
• Patients older than 60 years,
• pregnant females,
• appendicular mass ,appendicular abscess,
• children,
• Appendicitis mimicking conditions of gastrointestinal, urologic or
Gynecological origin suspected, as diagnosed by ultrasound scan.
Depending on individual presentation of signs and symptoms, a score was
calculated for each case of suspected appendicitis from 9 values (based on
Modified Alvarado scoring system).

81

TABLE-2 MODIFIED ALVARADO SCORE

SYMPTOMS

SCORE
1

Migratory RIF pain

Nausea/Vomiting

1

Anorexia

1

SIGNS

Tenderness in RIF

2

Rebound tenderness in RIF

1

Elevated Temperature

1

LABORATORY FINDINGS

Leucocytosis

2

TOTAL

9
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The observed value in each case was added and expressed as end-score.
According to the end score:
Cases with score of 1-4 were observed and not operated and were discharged
and followed up for next six months for development of acute appendicitis.
Cases with score 5-6 were observed for next 24 hours and revision of scoring
was done.
If score became > 7 or clinical condition was highly suspicious of acute
appendicitis they were subjected for appendicectomy.
All patients who were considered for appendicectomy underwent
Ultrasonography of abdomen primarily to rule out other conditions mimicking
acute appendicitis.
Patients with score of 7-9 who were considered candidates for
appendicectomy were assessed again after Ultrasonography. If any other
conditions mimicking acute appendicitis was found in them, they were not
operated and were considered as false positive cases.
All the specimens of appendix were sent for histopathological confirmation of
acute appendicits. Final correlation between the scoring system and final
diagnosis was made.
All necessary investigations were done in all patients.
The cases subjected to emergency surgery were adequately prepared.
Ryles tube aspiration was done when vomiting persisted.
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Parenteral fluids, electrolyte supplementation broad spectrum antibiotics were
administered.
Hourly temperature, pulse chart were maintained.
Surgery was done under general anaesthesia or spinal anaesthesia.
When diagnosis of acute appendicitis was certain, Grid–Iron incision was used.
Right paramedian incision was used when diagnosis was suspected.
After appendicectomy specimen was sent for histopathological examination.
Then a study of the observations was done and an attempt was made to
correlate the clinical presentation in each case with the pathological findings.
The results of conservative management, operative finding and
histopathological examination reviewed. Accuracy of diagnosis by Modified
Alvarado Scoring System was assessed.
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OBSERVATIONS AND RESULTS

STUDY DESIGN:

A prospective study consisting of 100 acute abdomen cases with a clinical
diagnosis of acute appendicitis were undertaken to evaluate the sensitivity of
Modified Alvarado scoring system with respect to its diagnostic accuracy.
The following results were obtained in the study.
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TABLE-3

AGE DISTRIBUTION WITH SEX

AGE IN
YEARS

MALE

FEMALE

TOTAL

18-30

28

42

70

30-40

10

7

17

40-50

5

3

8

50-60

3

2

5

TOTAL

46

54

100

INFERENCE

70% OF THE PATIENTS ARE IN
THE GROUP OF 18-30 YEARS
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80
70
60
50

MALE

40

FEMALE

30

TOTAL

20
10
0
18-30

30-40

40-50

50-60

CHART – 1 AGE AND SEX DISTRIBUTION

CHART – 2 SEX DISTRIBUTION

46

MALE
FEMALE

54
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TABLE-4
PRESENTATION OF CLINICAL FEATURES

CLINICAL
FEATURES

NUMBER

SYMPTOMS
Migratory RIF
pain
100
Anorexia

54

Nausea/Vomiting

70

SIGNS
RIF Tenderness
Rebound
Tenderness

100

Fever

56

80

LAB FINDINGS
Leucocytosis

31
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CHART – 3 PRESENTATION OF CLINICAL FEATURES

100
90
80
70
60
50
40
30
20
10
0
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TABLE-5
RESULTS OF MODIFIED ALVARADO SCORE

MODIF
IED
ALVAR
ADO
SCORE

TOTAL
(N=100)

MALE

FEMA
LE

7 TO 9

46

20

26

5 TO 6

49

23

26

1TO4

5

3

2

CHART – 4 RESULTS OF MODIFIED ALVARADO SCORE
5

46

7 TO 9
5 TO 6
1TO4

49
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TABLE-6
PATHOLOGICAL DIAGNOSIS OF THE
SPECIMEN OF APPENDIX

HISTOPATHOLOGY

NUMBER

Acute Appendicitis

56

Acute Gangrenous

5

Acute Suppurative

8

Acute Perforative

7

Others

19

CHART – 5 PATHOLOGICAL DIAGNOSIS OF SPECIMEN OF
APPENDIX

19
Acute Appendicitis
7

Acute Gangrenous
56

8
5

Acute Suppurative
Acute Perforative
Others
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TABLE-7
RESULTS OF MODIFIED ALVARADO SCORE
IN PATIENTS WITH MORE THAN 5

SEX

NUMBER OF
PATIENTS

APPENDICITIS

OTHERS

ALVARADO 7 – 9

MALE

20

19

1

FEMALE

26

23

3

TOTAL

46

42

4

ALVARADO 5 - 6

MALE

23

17

FEMALE

26

17

TOTAL

49

34
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6

9
15

TABLE-8

Others (Alvarado score 7-9)

Diagnosis

Meckels Diverticulitis

2(Male-1 Female -1)

Ruptured Ectopic

1

Ruptured Ovarian Cyst

1

TABLE-9
Others (Alvarado score 5-6)

Diagnosis

Ureteric colic

6(Male-4 Female-2)

Mesentric Adenitis

2(Male-1 Female-1)

Ovarian Cyst

4

Pelvic Inflammatory Disease

2

Meckels Diverticulitis

1
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TABLE-10
DIAGNOSTIC VALUE OF MODIFIED
ALVARADO SCORE
SCORE (7 – 9)

SEX

NUMBER OF APPENDICITIS
PATIENTS

OTHERS

SENSITIVITY

MALE

20

19

1

95.0%

FEMALE

26

23

3

88.46%

TOTAL

46

42

4

91.30%

SCORE (5 – 6)

SEX

NUMBER OF
PATIENTS

APPENDICITIS

OTHERS

SENSITIVITY

MALE

23

17

6

73.91%

FEMALE

26

17

9

65.38%

TOTAL

49

34

15

69.38%

INFERENCE

MODIFIED ALVARADO SCORE 7-9 HAS MORE DIAGNOSTIC
VALUE FOR DIAGNOSING APPENDICITIS COMPARED TO
SCORE 5-6.
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TABLE-11

DIAGNOSTIC VALUE OF MODIFIED
ALVARADO SCORE

VARIABLES

RESULTS

TOTAL
MODIFIED ALVARADO SCORE
7-9
5-6

SENSITIVITY
91.30%
69.38%

MALES
MODIFIED ALVARADO SCORE
7-9
5-6

SENSITIVITY
95.0%
73.91%

FEMALES
MODIFIED ALVARADO SCORE
7-9
5-6

SENSITIVITY
88.46%
65.38%
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DISCUSSION

Acute appendicitis is a common abdominal emergency in the world.
The diagnosis of acute appendicitis is difficult due to the varied presentation of
disease and lack of reliable diagnostic test.
Acute appendicitis is a clinical diagnosis.
Investigations like USG, CT, MRI can not conclusively diagnose appendicitis.
Even now a thorough clinical examination with basic investigations like
WBC count remains cornerstone in diagnosis of acute appendicitis.
With this and different scoring systems diagnosis of acute appendicitis is made
to decrease negative appendicectomy.
Many diagnostic scores are being advocated, most of them are complex and
difficult to implement in clinical situation.
The Alvarado score is a simple scoring system which can be done easily.
To be useful, a scoring system must be both sensitive and specific.
The modified Alvarado scoring system is simple to use and easy to apply, as it
depends on history, clinical examination and basic lab investigations.
The present study was done to evaluate the use of Modified Alvarado scoring
system in reducing the number of negative appendicectomy and to
evaluate the sensitivity of MASS in diagnosis of Acute Appendicitis.
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Our results and observations were discussed and compared with various studies.
The age group in which acute appendicitis occurred commonly was between
18 and 30 years. It is clear that incidence is less in younger and older age groups
with peak incidence in 2nd and 3rd decade.
In present series females are more than males in the ratio of 1.2:1.
Pain was commonest presenting symptom and has been seen in all cases
(100%) in present series.
The classical shifting of pain from umbilical region to RIF was seen in all cases.
Next common symptoms observed were nausea/ vomiting in 70% of cases
and anorexia in 54% of cases.
Fever was of low grade and was seen in 56% of cases.
RIF tenderness was the commonest sign (100%).
Rebound tenderness was seen in 80%.
Leucocytosis was seen in 31%.
For assessment, patients were categorized into 2 groups male and female.
Out of 100 cases studied, 46 were male and 54 were female.
Out of 46males, score of 7 – 9 were 20, score of 5 – 6 were 23 & 3 had
score of 1–4.
Out of 56 female patients, 26 had score 7 – 9, 26 had score 5 – 6 and 2 had
score 1 – 4.
In 20 males having score of 7 – 9, 19 had acute appendicitis.
In 23Male patients having score of 5 – 6, 17 had acute appendicitis.
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In 26 female patients having score 7 – 9, 22 had acute appendicitis.
In 26 females with score 5 – 6,17 had acute appendicitis.
USG Abdomen and Pelvis was done for all the patients with Alvarado score>5
Which ruled certain conditions mimicking appendicitis who were not operated.
19 patients of Modified Alvarado>5 had other diagnosis.
4 of them where from Modified Alvarado7-9,of which 2 had Meckels
Diverticulitis,1had ruptured ectopic,1 had ruptured ovarian cyst.
15 of them where from Modified Alvarado5-6, of which 6 had ureteric colic,2
had mesenteric adenitis,4 had ovarian cyst,2 had pelvic inflammatory disease, 1
had Meckeks Diverticulitis.
Patients with Appendicitis were taken as True positive and patients with other
diagnosis were taken as False positive and Sensitivity calculated.
The result of present study showed that a high score (> 7) in men was a
satisfactory aid in early diagnosis of acute appendicitis , the overall sensitivity
in men with scores > 7 was 91.30% .
Sensitivity of acute appendicitis 95.0% for males in present study with
Modified Alvarado score of 7 to 9 correlates well with figures of studies by
Kalan M, Rich AJ, Talbot D, Cunliffe WJ (who have reported 93% ) and P.K.
Bhattacharjee, T. Chowdhary, D.Roy (who have reported 94.1% ).
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Sensitivity of acute appendicitis 88.46% for females in present study with
score of 7 to 9 correlates well with figures of studies by Kalan M, Rich AJ,
Talbot D, Cunliffe WJ ( reported 67%) and P.K. Bhattacharjee, T. Chowdhary,
D.Roy ( reported 71.9% ).
The overall sensitivity of acute appendicitis being 91.30% in present study
with score of 7 to 9 correlates well with figures of studies by Kalan ,RichAJ,
Talbot D, Cunliffe WJ (reported 83.7%) and P.K. Bhattacharjee, T. Chowdhary,
D.Roy ( reported 82.7% ).
TABLE-12
Comparison of Modified Alvarado Score(5-6)

Category

Present Study

KalanM,RichAJ,

P.K.Bhattacharjee,

TalbotD,CunliffeWJ

T.Chowdhary,D.Roy

Male

73.91%

67%

83.3%

Female

65.38%

50%

66.7%

Total

69.38%

62.5%

73.7%
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TABLE-13
Comparison of Modified Alvarado Score(7-9)

Category

Present
Study

KalanM,RichAJ,

P.K.Bhattacharjee,

TalbotD,CunliffeW

T.Chowdhary,D.Roy

J
Male

95.0%

93%

94.1%

Female

88.46%

67%

71.9%

Total

91.30%

83.7%

82.7%
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CONCLUSION

From present study it can be concluded that high scores of 7-9 in
Modified Alvarado score is dependable aid in early diagnosis of
acute appendicitis in men but it is not the same far as women are
concerned due to other conditions mimicking appendicitis like
ureteric colic, mesenteric adenitis, ruptured ectopic pregnancy, pelvic
inflammatory disease, etc.
Ultrasonography of abdomen is a useful tool in avoiding negative
appendicectomy rates particularly in females.
Applicability of this scoring system is a simple, reliable, cheap,
noninvasive safe diagnostic modality without expense and
complications.
It is easy to follow in peripheral hospitals where back up
facilities are minimal.
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SUMMARY

This was a study comprising of 100 patients in the age group of
18-60 of both sexes provisionally diagnosed to have “Acute Appendicitis”
and admitted to Tirunelveli Medical College,Tirunelveli. Modified
Alvarado score was applied to all these patients.
Ultrasonogram of abdomen was done in all patients to rule out other
conditions mimicking “Acute Appendicitis”.Those patients who had
other condition were not operated. Patients were divided into 3
categories as per the Modified Alvarado Scoring System.The 3
categories are
Score 7-9 - Highly Suspicious of Appendicitis
Score 5-6 - Possible Appendicitis
Score 1-4 - Appendicitis Unlikely
The patients who were operated the Appendix specimen was sent for
HPE and those reported as Appendicitis was considered to be true
positive and those with other diagnosis and not operated were
considered as false positive and the sensitivity was calculated.
In our study the common age of presentation of Acute Appendicitis is
between the 2nd and 3rd decade.
Females were more common than male in a ratio of 1.2:1.
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High scores (7-9) in men is dependable in early diagnosis of
“Acute Appendicitis”, whereas it is not so in case of females,
because of other conditions mimicking appendicitis like
ureteric colic, mesenteric adenitis, ruptured ectopic pregnancy,
pelvic inflammatory disease, etc.
Ultrasonography of abdomen is a useful tool in avoiding negative
Appendicectomy rates in females.
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ANNEXURE – I
PROFORMA
NAME:

D.O.A:

AGE:

D.O.O:

SEX:

D.O.D:

OCCUPATION:
ADDRESS:
CHIEF COMPLAINTS:
1) Pain
2) Vomiting/ nausea
3) Fever
4) Diarrhoea/ constipation
5) Distension of abdomen
6) Other complaints
HISTORY OF PRESENTING ILLNESS:
1) PAIN:
a. Duration
b. Time and mode of onset
c. Site of pain: RIF/ Epigastric/ Periumbilical/ Diffuse
d. Shifting of pain
e. Migration or radiation of pain
f. Character of pain
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g. Aggravating factors
h. Relieving factors
2) VOMITING:
a. Duration
b. Its relation with pain
c. Frequency and quantity
d. Character: projective/ effortless
e. Colour and nature of vomitus
3) FEVER:
a. Mild/ Moderate/ Severe
b. Continuous/ Intermittent/ Remittent
4) BOWELS:
a. Diarrhoea
b. Constipation
c. Tenesmus
5) MICTURITION:
a. Painful/ burning
b. Frequency
c. Quantity
d. Colour
6) OTHER COMPLAINTS:
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PAST HISTORY
1) History of similar attacks
2) Duration
3) Treatment taken
4) History of previous surgeries
5) History of other abdominal diseases
6) History suggestive of Hypertension/ Diabetes/ Tuberculosis
PERSONAL HISTORY
Diet: Vegetarian/ Mixed
Habits: Smoking/ Alcohol/ Tobacco
Bowel habits
Bladder
Sleep
FAMILY HISTORY
Marital status
Similar illness in other family members
MENSTRUAL HISTORY
Age of menarche
Dysmenorrhoea
L. M. P
Vaginal discharge
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GENERAL PHYSICAL EXAMINATION
1. General survey
2. Body build and nourishment
3. Appearance
4. Attitude: Restless/ Quiet
5. Dehydration: Mild/ Moderate/ Severe/ Nil
6. Anaemia/ Jaundice/ Clubbing/ Cyanosis/ Lymphadenopathy/ Pedal
oedema
7. Pulse
8. Temperature
9. Respiratory rate
10. Blood pressure
LOCAL EXAMINATION
ABDOMEN:
1. INSPECTION
Contour
Position of umbilicus
Movements with respiration
Any operative scar
Visible swelling
Flanks
Spine
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External genitalia
Hernial orifices
2.PALPATION
Local rise of temperature
Tenderness at Mcburney’s point
Degree and extent of tenderness
Rebound tenderness
Rigidity
Muscle guarding
Palpable mass
Hernial orifices
External genitalia
Liver/ Spleen/ Kidney
3. PERCUSSION
Percussion note: Resonant/ Dull/ Tympanic
Shifting dullness/ Fluid thrill
Liver dullness
Renal angles: Dull/ Resonant
4. AUSCULTATION
Bowel sounds
RECTAL EXAMINATION
VAGINAL EXAMINATION
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SYSTEMIC EXAMINATION:
• Cardiovascular system
• Respiratory system
• Central nervous system
• Genito-urinary system
INVESTIGATIONS
1. Blood: Hb %
2. TLC
3. DLC
4. BT
5. CT
6. ESR
7. Blood group and Rh type
8. Urine: Albumin/ Sugar/ Microscopy
9. Plain X-ray errect abdomen
10. Ultrasonography: Abdomen & Pelvis
11. Chest x-ray
12. HIV
13. HbsAg
14. Others
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MODIFIED ALVARADO SCORE

SYMPTOMS

SCORE

Migratory RIF pain

1

Nausea/Vomiting

1

Anorexia

1

SIGNS

Tenderness in RIF

2

Rebound tenderness in RIF

1

Elevated Temperature

1

LABORATORY
FINDINGS

Leucocytosis

2

TOTAL

9
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YES

NO

SCORING SYSTEM
1-4

Appendicitis unlikely

5-6

Appendicitis possible

7-8

Appendicitis probable

9

Appendicitis definitive

DIAGNOSIS
MANAGEMENT
SURGICAL
Preooperative instructions
Type of Anaesthesia
Type of incision
Post-operative instructions
Post-operative period
Post-operative complication and management
CONSERVATIVE
Charts, Diet, Drugs, I v fluids
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ANNEXURE – II
CONSENT FORM
FOR OPERATION/ANAESTHESIA

I _________________ Hosp. No. ______________ in my full senses
hereby
give my complete consent for __________________ or any other
procedure deemed fit which is a diagnostic procedure / biopsy /
transfusion / operation to be performed on me / my son / my daughter /
my ward __________ aged _________ under any anesthesia deemed
fit. The nature and risk involved in the procedure have been explained to
me to my satisfaction. For academic and scientific purpose the
operation/procedure may be televised or photographed.

Date:

Signature/Thumb

Impression
of Patient/ Guardian

Name:
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Designation:
Guardian
Relationship
KEY TO MASTER CHART

IP No - Inpatient Number.
RIF

- Right Iliac Fossa

RIF/T - Right Iliac Fossa Tenderness
RE/T - Rebound Tenderness
WBC - White Blood Cell
HPE

- Histopathology Examination.

USG

- Ultrasonography.

AA

- Acute appendicitis.

AG

- Acute Gangrenous

AS

- Acute Suppurative

AP

- Acute Perforative

MD

- Meckels Diverticulitis

RE

- Ruptured Ectopic

ROC - Ruptured Ovarian Cyst
PID

- Pelvic inflammatory disease

MAD - Mesentric Adenitis
OC

- Ovarian Cyst

UC

- Ureteric Colic

PT in RIF - Probe tenderness in Right Iliac Fossa
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FF in Pelvis - Free Fluid in Pelvis
+ In USG column - Features suggestive of acute appendicitis.
NS

- Normal scan of abdomen.
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SNO

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

NAME

Karpaga
Sivaraman
Ashiq Beer
Mydeen
Suresh kumar
Sankareswari
Muthu
Mariammal
Muppidathy
Jancy
Kaliram
Seik
Mohammad
Ali
Selvakumar
Ponmani
Muthu
Lakshmi
Rajeswari
Maheswari
Asir Lakshmi
Mallika
Latha
Subbu
Lakshmi
Kala
Chandrika
Pavithra
Lakshmi
Nishanthini
Petchiammal
Arumugam

IPNO

AGE

SE
X

MIGRATORY
PAIN TO RIF

FEVE
R

ANOREXIA

NAUSEA/
VOMITING

RIF/
T

RE/T

INCREASED
WBC

TOTAL

HPE
FINDING

18773

19

M

1

1

1

1

2

1

2

9

AP

+

32953
20158
44107

24
26
18

M
M
F

1
1
1

1
1
1

1
1
1

1
1
1

2
2
2

1
1
1

2
2
2

9
9
9

AG
AP

+
+
PT in RIF

35321
42598
26983
33117
42235

23
28
25
20
22

F
F
F
F
M

1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

1
1

2
2
2
2
2

1
1
1
1
1

2
2
2
2
2

9
9
8
8
8

AS
AS
AG
AA

26239
41869
30245

28
25
29

M
M
F

1
1
1

1
1
1

1
1
1

1
1
1

2
2

1

2
2
2

8
8
7

AP
AP

36269
28453
47628
9659
46203
33767

24
27
23
22
36
38

F
F
F
F
F
F

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

2
2
2
2
2
2

1
1
1
1
1
1

7
7
7
7
7
7

AA
AP
AA
AS

+
FF in P
+
+
PT in RIF
+

10500
24755
20643
43591
25589
35438
31669
11730

33
35
36
18
21
18
19
21

F
F
F
F
F
F
F
M

1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1

1
1
1

1
1
1

2
2
2
2
2
2
2
2

1
1
1
1
1
1
1
1

7
7
7
7
7
7
7
7

AA
AP
AG
AS
AA
AS
AA
AA

+
+
PT in RIF
PT in RIF
+
+
PT in RIF
+
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2
2
2
2
2

OTHERS

MD

RE

MD

AS
ROC

USG

+
+
FF in P
+
+
PT in RIF
+
+

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

Ravichandran
Seyad
Masood
Vaithilingam
Abraham
Kadhar
Sudali
Arul
Manickam
Ananda
Krishnan
Paramasivan
Mariappan
Esakki
Sundar
Jothi
Radhika
Thangakani
Jeya Lakshmi
Valli
Pushpa
Velkani
Sairam
Vignesh
Kumar
Bala Murugan
Gurunathan
Kamatchi
Mohideen
Yameen
Arputhakani
Vasanthi
Rohini
Eswari

6255

19

M

1

1

2

1

2

7

AA

+

22738
43325

27
26

M
M

1
1

1
1

2
2

1
1

2
2

7
7

AA
AS

+
+

20809
14009

27
26

M
M

1
1

1
1

2
2

1
1

2
2

7
7

AG
AA

PT in RIF
NS

21904

35

M

1

1

1

1

2

1

7

AA

+

17961
43185
16289
30830
46662
46647
22783
41969
22788
31811
36320
11975
30690
10517
33850
6303
28812
7723

37
38
27
22
24
26
20
19
27
19
20
26
27
18
35
39
33
35

M
M
M
M
M
F
F
F
F
F
F
F
M
M
M
M
M
F

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

7
7
7
7
7
7
7
7
7
7
7
7
6
6
6
6
6
6

AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AA
AS

+

7984
54326
22934
42133
33743

34
27
26
22
24

F
F
F
F
F

1
1
1
1
1

1
1
1
1
1

2
2
2
2
2

1
1
1
1
1

6
6
6
6
5

AA

1
1
1
1
1
1
1
1
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MD
AA
AA
AA
PID

MAD
OC
AA
AA

+
PT in RIF
+
+
NS
+
+
NS
NS
+
+
PT in RIF
+
NS
PID
NS
MAD
OC
PT in RIF
+

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

78
79
80
81
82
83
84

Maheswari
Muthu Nisha
Sumithra
Maheswari
Syed Ali
Rifana
Nirmala
Vemburaj
Chinnadurai
Arumugaraj
Maruthupand
i
Mariappan
Raja
John
Suresh kumar
Natchiyar
Ananthi
Gandhimathi
Malathy
Shifana
Muppidathy
Esakiammal

39166
44750
44670
8342

22
20
19
24

F
F
F
F

1
1
1
1

1
1
1
1

2
2
2
2

1
1
1
1

5
5
5
5

36130
19292
21421
107
39250

26
22
18
37
33

F
F
M
M
M

1
1
1
1
1

1
1
1
1
1

2
2
2
2
2

1
1

5
5
5
5
5

AA
AA
AA

34971
6435
22922
39755
71
29967
5130
21933
10591
46207
42146
6476

39
37
27
20
27
21
27
18
21
20
21
22

M
M
M
M
M
F
F
F
F
F
F
F

1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2

5
5
5
5
5
5
5
5
5
5
5
5

AA
AA

Manimala

28881

29

F

1

1

2

1

5

Thiruvaraga
Selvi
Chellam
Pandarathi
Deivamani
Nambithai
Jeyanthi
Ponram

20664
20680
47594
6940
15639
11048
14969

24
25
28
45
46
47
41

F
F
F
F
F
F
M

1
1
1
1
1
1
1

1
1
1
1
1
1
1

2
2
2
2
2
2
2

1
1
1
1
1
1

5
5
5
5
5
5
7

1
1
1
1
1

1
1
1

1

124

1
1
1
1
1
1
1

2

OC
AA
AA
AA

UC
AA

MAD
AA
AA
AA
AA
UC
OC
AA
AA
AA
PID

AA
AA
OC
AA
UC
AA
AP

OC
PT in RIF
NS
NS
PT in RIF
PT in RIF
+
UC
NS
NS
+
MAD
PT in RIF
+
PT in RIF
NS
UC
OC
+
PT in RIF
+
PID

NS
NS
OC
PT in RIF
UC
+
+

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Sudalaimani
Arul Kumar
Sathasivan
Tamil Selvan
Pratheesh
Naveen
Aadhikumar
Mohammad
Ali Jinnah
Kovilraj
Bala Krishnan
Dulasiraman
Gomathi
Rajammal
Manobalan
Sethu
Ramalingam
Kattathiyan

33777
9181
33836
46227
45969
10999
12378

45
46
42
44
27
18
20

M
M
M
M
M
M
M

1
1
1
1
1
1
1

1

1

36239
43004
23021
43230
14954
14807
27875

28
53
55
56
58
59
21

M
M
M
M
F
F
M

1
1
1
1
1
1
1

1
1
1

2
2
2
2
2
2
2

23032
23041

29
24

M
M

1
1

1
1

2
2

1
1
1
1
1

1
1
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2
2
2
2
2
2
2

1

1
1
1
1

2
2
2
2
2
2
2

7
6
6
6
6
6
6

AG
AA

2
2

6
6
5
5
4
4
4

AA

4
4

UC
AA
AA
AA
AA

UC
UC
AA

+
+
UC
NS
PT in RIF
NS
+
+
UC
UC
PT in RIF
NS
NS
NS
NS
NS

