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Appendicitis

Berengario DaCarpi, a physician-anatomist, made the first description of
the appendix in 1521.' Leonardo DaVinci demonstrated the appendix in
drawings made in 1492 but not published until the 18th century.” The
appendix is clearly illustrated in De Humani Corporis Febrica Liber V by
Andreas Vesalius published in 1543.°

Lorenz Heister gave the first unequivocal account of appendicitis in
1711.* Heister, a student of Boerhaave, described a perforation of the
appendix with a small abscess adjacent to a gangrenous appendix. Heister
speculated that the appendix might be the site of acute inflammation. He
described the autopsy on the body of a criminal:

“When about to demonstrate the large bowel, I found the vermiform
appendix of the caecum preternaturally black. As I was about to separate
it, its membranes parted and discharged two to three spoonfuls of matter.”

In 1759, Mestivier, a Parisian surgeon, reported autopsy findings of a
man who died shortly after drainage of a right lower quadrant abscess.’
Mestivier identified perforation of the appendix by a pin and presumed
that the abscess was due to the perforation. Over the next 100 years, there
were many other descriptions of appendicitis including those authored by
John Hunter and John Parkinson.*® Interestingly, many of these descrip-
tions emphasized the presence of a foreign body either causing obstruc-
tion or perforation of the appendix.

Francois Melier, a Parisian physician, described 6 cases of appendicitis
at autopsy and first suggested the possibility of removing the appendix in
1827.*7-® His suggestions were ignored reputedly due to the influence of
Barnio Guillame Dupuytren, the leading surgeon of Paris at the time, who
did not view the appendix as a cause for right lower quadrant inflamma-
tion. Bright and Addison,’ physicians at London’s Guys Hospital,
described the symptoms of appendicitis and they believed that the
appendix was the cause of many inflammatory processes in the right
lower quadrant. Their discussion of appendicitis appeared in the first
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volume of Elements of Practical Medicine, published in 1839.° Interest-
ingly, surgical treatment was not mentioned.

Thus, the first reports of appendicitis occurred in the early 1700s and
Claudius Amyand, Sergeant Surgeon to George II, performed the first
known appendectomy in 1735.'° He operated on an 11-year-old boy with
a right scrotal hernia and a fistula. He identified the appendix, perforated
by a pin, within the scrotum. He ligated the appendix and removed it.
Despite Amyand’s achievement, there was scant consideration of the
surgical treatment of appendicitis for approximately 150 years. It is likely
that despite repeated observations of the appendix as the etiology of right
lower quadrant inflammatory disease, the therapeutic implications were
not clear. Laparotomy, before the development of general anesthesia and
antiseptic techniques, was justifiably considered a dangerous option. Two
seminal occurrences in the history of surgery were the introduction of
ether, nitrous oxide, and chloroform anesthesia in the mid-1800s and
Joseph Lister’s first paper on antisepsis published in 1867.'' Although
Lister’s precepts were not immediately accepted, abdominal operations
were nevertheless “more tolerable, more frequent, and safer” after 1870.
Hence, it was not until the late 1800s that the stage was set for
consideration of appendectomy in the treatment of appendicitis.

At this juncture, the contribution of Reginald Heber Fitz deserves
recognition and emphasis.'? Fitz was the Shattuck Professor of Patholog-
ical Anatomy at Harvard University. He was a member of the ninth
generation of Fitzes in America, his ancestors having arrived in Massa-
chusetts in 1639. He was educated at Harvard and spent 2 years in Europe
including a period of study of cellular pathology with Rudolf Virchow in
Vienna. Fitz returned to Harvard in 1870 as an instructor of pathology. He
introduced the microscope to the study of disease at Harvard. He also
conducted a private practice and was active in the Boston Dispensary.

On June 18, 1886, he presented a paper to the Association of American
Physicians in Washington, DC, entitled “Perforating Inflammation of the
Vermiform Appendix: With Special Reference to Its Early Diagnosis and
Treatment.”'? Fitz proposed that the appendix is the cause of most
inflammatory disease of the right lower quadrant. He went on to describe
the clinical features of appendicitis and, importantly, proposed early
surgical removal of the appendix:

“In most fatal cases of typhlitis, the caecum is intact while the appendix
is ulcerated and perforated. The question should be entertained of
immediate opening. If any good result is to arise from such treatment it
must be applied early.”

Fitz’s contribution was critical, not because his observations were
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original, but because his paper was delivered to an important and
influential audience at a time when the potential value of surgical
treatment of disease could be appreciated. Although appendectomy had
actually been performed earlier, Fitz gave credence to the entity “appen-
dicitis” and, in fact, was the first to coin the term. He promoted the
concept of early diagnosis and surgical treatment, thereby paving the way
for appendectomy to become a popular and accepted operation.

Indeed, the “coming of age” for the appendix coincides with the late
1800s as noted by more than 2500 books or articles dealing with the
appendix having been published by 1889.'*'> Several surgeons deserve
mention for enhancing the popularity of appendectomy.'? In 1880,
Lawson Tait, a leading British abdominal surgeon, removed a gangrenous
appendix with recovery of the patient. During the 1880s, Kronlein of
Zurich, Groves of Ontario, Hall of New York, and Morton of Philadelphia
performed appendectomies that encouraged the surgical community to
recognize appendicitis and perform appendectomy. In 1889, McBurney'®
of New York published the first of several important papers regarding the
appendix. He suggested early operative intervention and developed the
muscle-splitting incision that bears his name and is commonly used
today.'” During the 1890s, surgeons in the United States rapidly accepted
appendectomy for appendicitis. Bernays in 1898 reported 71 consecutive
appendectomies without mortality.'® In 1904, Murphy'® of Chicago
reported a personal experience with 2000 appendectomies. By 1950, more
than 13,000 books or articles about the appendix had been published.'*'?

Perhaps the most famous case of appendicitis is that of King Edward
VII, the first son of Queen Victoria.”® After a long, illustrious reign,
Queen Victoria died in 1901 at the age of 82. During her reign, Britain
rose to the pinnacle of world power and her eldest son, Edward, then 59
years old, had waited a long time for his inheritance. In June of 1902 and
less than 2 weeks before the coronation, Edward developed abdominal
discomfort. As expected, a staff of physicians attended to Edward and
they included 2 prominent British surgeons, Lord Joseph Lister and Sir
Frederic Treves. They observed right lower quadrant swelling, tender-
ness, and fever in the future king. These findings improved initially, but
Edward’s condition relapsed. The medical staff was unanimous in
recommending an operation, but Edward was hesitant on the eve of his
coronation, an event he had waited for his entire life. It fell to Lister to
persuade Edward that his medical staff agreed that an urgent operation
was necessary. Coronations, in addition to burials, of British royalty occur
in Westminster Abbey and Edward responded to his medical staff by
stating: “I must keep faith with my people and go to the [Westminster]
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Abbey for the coronation.” Edward was adamant and after hearing him
repeat “I must go to the Abbey,” Treves replied, “Then, Sir, you will go
as a corpse.”

Edward consented to surgery and on June 24, 1902, Treves operated on
Edward at Buckingham Palace. He opened a large periappendiceal
abscess, evacuated pus, and left 2 large drains in place. He did not remove
the appendix. The wound was packed open and the entire procedure took
approximately 40 minutes. Edward recovered successfully and underwent
coronation approximately 7 weeks after surgery. He served as king for the
remaining 8 years of his life.

Treves became the most popular surgeon in London and was made a
Baronet for his service to the King. Lister was one of the first groups of
recipients of the new honor of the Order of Merit created by Edward,
undoubtedly for his seminal contributions to surgery in addition to his
participation in the king’s case. The publicity and successful outcome of
Edward’s case further advanced appendicitis as a disease entity and
appendectomy as its appropriate treatment.

Anatomy?'??

Embryologically, the appendix is part of the cecum from which it
originates where the 3 tenia coli coalesce at the distal aspect of the cecum.
Not surprisingly, the appendix resembles the cecum histologically and
includes circular and longitudinal muscle layers. In addition, the appendix
contains an abundance of lymph follicles in the submucosa, numbering
approximately 200. The highest number of lymph follicles occurs in the
10- to 20-year-old age group, with a decline in number after age 30;
lymph follicles are totally absent after age 60.

The appendix arises from the cecum approximately 2.5 cm below the
ileocecal valve. It varies in length from complete agenesis to more than
30 cm, but it is usually 5 to 10 cm in length. The mean width is 0.5 to 1.0
cm. The various positions of the appendix are conveniently categorized
into the following locations: paracolic (the appendix lies in the right
paracolic gutter lateral to the cecum), retrocecal (the appendix lies
posterior to the cecum and may be partially or totally extraperitoneal),
preileal (the appendix is anterior to the terminal ileum), postileal (the
appendix is posterior to the ileum), promontoric (the tip of the appendix
lies in the vicinity of the sacral promontory), pelvic (the tip of the
appendix lies in or toward the pelvis) and subcecal (the appendix lies
inferior to the cecum). Wakeley** performed a postmortem analysis of
10,000 cases and described the frequency of the location of the appendix
as follows: retrocecal, 65.3%; pelvic, 31%; subcecal, 2.3%; preileal, 1%;
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and right paracolic and postileal, 0.4%. Interestingly, Williamson and
colleagues® observed that of 105 retrocecal appendices removed at
operation, 12 (11.4%) extended into the retroperitoneum. In this position,
the appendix may extend cephalad up to the kidney and, in fact, 2 of these
patients experienced right flank pain on presentation. In essence, the
appendix may lie in multiple locations, essentially at virtually any
position in a clockwise rotation from the base of the cecum.’® The
clinician must appreciate that the anatomic location of the appendix
determines the presentation of symptoms and signs during an episode of
appendicitis.

The mesentery of the appendix passes behind the terminal ileum and is
contiguous with the lower leaf of the small bowel mesentery. The
appendicular artery courses through the mesoappendix and is a branch of
the ileocolic artery. An accessory appendiceal branch from the posterior
cecal branch of the right colic artery may also be present. The veins from
the appendix drain into the ileocolic vein that in turn empties into the
superior mesenteric vein. A variable number of lymphatic channels
traverse the mesoappendix to empty into the ileocecal nodes. Venous and
lymphatic drainage of the appendix mimics drainage of the cecum.
Hence, lymphatic drainage of the appendix includes lymph nodes that are
found at the arborization and takeoff of the ileocolic and right colic
arteries.

The tip of the appendix may lay in the left lower quadrant under 2
circumstances.”?’ The patient may have a very long appendix that
originates in the normal anatomic position in the right lower quadrant, but
the tip may extend across the abdominal cavity into the left lower
quadrant. Second, the patient may have situs inversus, in which case there
is transposition of abdominal viscera. In either case, inflammation of the
appendix will manifest as left lower quadrant abdominal pain and
tenderness.

There are several unusual, but interesting congenital anatomic anoma-
lies that are worth mention. Robinson®’ reported a case of congenital
absence of the appendix in 1952 and was able to collect only 68 other
examples, indicating the rarity of this condition. Likewise, duplication of
the appendix is also a rare anomaly, with fewer than 100 reported cases.®
Wallbridge®® described duplication of the appendix and proposed a
classification scheme. Type A comprises partial duplication of the
appendix on a single cecum. Type B includes a single cecum with 2
completely separate appendices. Type B is further subdivided into types
B1 and B2. Type BI, also called “birdlike appendix™ because of its
similarity to the normal arrangement in birds, indicates that there are 2
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appendices symmetrically arising from either side of the ileocecal valve.
Type B2 comprises 1 appendix arising from the usual site on the cecum,
while a second, rudimentary appendix originates from the cecum along
the lines of one of the tenia coli. Type C includes 2 ceca, each of which
has a normal appendix. Tinckler’® described a unique case of a triple
appendix, associated with a double penis and ectopia vesicae.

Epidemiology

Acute appendicitis is the most common cause of acute abdominal pain
that requires surgical treatment. There is an approximately 6% to 7%
lifetime risk of appendicitis.*'*> Appendicitis is primarily a disease of
adolescents and young adults with a peak incidence in the second and
third decades of life.**® It is very uncommon in children younger than
5 years and by age 50, the risk of appendicitis is 1 in 35 for men and 1
in 50 for women. By age 70, the risk of appendicitis is less than 1 in
100,22:39:40

Among teenagers and young adults, males are more commonly affected
than females with a male:female ratio of approximately 1.3:1, but the
gender distribution becomes equal beyond these age groups.>>=>’

There have been reports of a wide variation in the incidence of
appendicitis between countries, between regions of the same country, and
between different racial and occupational groups.’**!'** However, most
attention has been directed to geographic variations in incidence that are
probably due to differences in dietary fiber consumption.*>*> Appendi-
citis is relatively more common in industrialized nations where a highly
refined, low-fiber diet is typically consumed. Appendicitis is rare in
developing countries where a less-refined, high-fiber diet that is charac-
teristic of agrarian societies is generally consumed.

It appears that the incidence of appendicitis has decreased in the past
several decades. The reasons for the reduced incidence of appendicitis are
not clear, but it may be due to the increase in dietary fiber consumption
in industrialized nations.

Etiology
An epidemiologist once characterized knowledge of the cause(s) of
appendicitis as “. . .a largely disconnected set of observations in search of

a theory that ties them together.”*® For a disease that is prevalent and
appears relatively simple, there is actually little that is known with regard
to its etiologic factors.

Epidemiologists concur that appendicitis is more common in urban,
industrialized societies and relatively rare in developing countries where
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a less-refined, high-fiber diet is typically consumed.***> The etiologic
significance of a highly refined, low-fiber diet is not clear, but the striking
variation in geographic distribution strongly suggests a dietary role in the
etiology of appendicitis. Presumably, the diet in industrialized countries
leads to hard stool, higher intracolonic pressure, and formation of
fecaliths that can serve as obstructing agents in the appendiceal lumen.
Case-controlled studies of fiber intake and its correlation to the develop-
ment of appendicitis have not been conclusive.

There is conflicting evidence regarding the familial nature of appendi-
citis. The common prevalence of the disease in the general population
makes it difficult to prove a genetic etiology, but a polygenic inheritance
pattern with substantial environmental determinants has been suggest-
ed.***” Likewise, some have suggested that altered immunity to specific
types of infectious agents on a genetic basis is a cause of appendicitis.
However, it may also be true that familial association is simply due to a
similar environment and dietary habits.

An intriguing, yet unproven theory of appendicitis suggests that
improvement in living standards and sanitation correlate with an increas-
ing risk of appendicitis.*® This hypothesis states that improvements in
sanitation have led to less frequent exposure of young children to
common enteric or respiratory infectious agents. Accordingly, initial
exposure to these agents in late childhood or adolescence evokes a host
response with prominent lymphoid hyperplasia at the appendiceal base
when the number of lymphoid aggregates is at its maximum, subsequently
leading to obstruction and inflammation.

In summary, appendicitis is more prevalent in developed as opposed to
developing countries. Dietary, genetic, and infectious or immunologic
explanations for the etiology of appendicitis have been advanced, but it
has not proven possible to implicate reliably any cause in a given patient.

Pathophysiology

Wangensteen and Dennis*® demonstrated experimentally that luminal
obstruction leads to the development of acute appendicitis. The appendix
has a small luminal diameter in relation to its length. Conventional
wisdom holds that this configuration predisposes the appendix to closed-
loop obstruction and subsequent inflammation. Specifically, proximal
obstruction by any number of initiating factors leads to ongoing mucus
secretion of the appendiceal mucosa distal to the obstruction into a closed
lumen with elevation of intraluminal pressure. Rapid distention of the
appendix ensues because of its small luminal capacity and intraluminal
pressures can reach 50 to 65 mm Hg. Distension of the appendix
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stimulates visceral afferent pain fibers, producing a somewhat vague and
diffuse periumbilical pain.”® Distention of the appendix often causes
reflex nausea and/or vomiting with a progressive increase in the severity
of the visceral pain.

As luminal pressure increases, venous pressure is exceeded and mucosal
ischemia develops. Once luminal pressure exceeds 85 mm Hg, thrombo-
sis of the venules that drain the appendix occurs and, in the setting of
continued arteriolar inflow, vascular congestion and engorgement of the
appendix become manifest.”’ With vascular congestion, the appendiceal
mucosa becomes hypoxic and begins to ulcerate, resulting in compromise
of the mucosal barrier and leading to invasion of the appendiceal wall by
intraluminal bacteria.’> In the early stages of appendicitis, mucosal
disruption with invasive infection and inflammation are characteristic
pathologic findings. This inflammatory process progresses to involve the
serosa of the appendix that inflames the nearby parietal peritoneum,
resulting in the characteristic shift in location of pain to the right lower
quadrant along with localized tenderness. If unimpeded, luminal pressure
rises to a level that induces venous infarction, full-thickness necrosis, and
perforation. Furthermore, stasis of intraluminal contents leads to bacterial
overgrowth in the inspissated mucus and if accompanied by appendiceal
perforation, results in peritonitis or abscess formation. The length of time
required for the disease to progress to gangrene and perforation is highly
variable. One study demonstrated a mean duration of abdominal pain of
46.2 hours in patients with gangrene and 70.9 hours for perforation.””

Fecal stasis and fecaliths are the most common cause of appendiceal
obstruction, followed by lymphoid hyperplasia, vegetable matter and fruit
seeds, inspissated barium from previous radiographic studies, intestinal
worms (especially ascarids), and tumors such as carcinoid.”*

Spontaneous resolution of appendiceal inflammation does occur, al-
though its frequency is unknown. Presumably, increasing intraluminal
pressure dislodges the obstructing material back into the cecum, thereby
relieving the distention and inflammatory process. Evidence of previous
inflammation may be recognized subsequently as a fibrotic, kinked, or
adhesed appendix when viewed at a future operation. In 1 series of 1000
patients with appendicitis, 9% reported having had a similar clinical
illness in the past and 4% reported more than 1 previous attack.>

Evidence for obstruction of the appendiceal lumen as the cause of
appendicitis comes from pathologic studies that demonstrate luminal
obstruction by a fecalith of lymphoid hyperplasia in excised appendices
for appendicitis.”*”° In addition, pathologic studies demonstrate obstruc-
tion in virtually all cases of appendicitis with perforation. Although the
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concept of an obstructing agent leading to a closed-loop obstruction is an
attractive explanation for the pathophysiology of acute appendicitis, it is
important to note that an inciting factor can be identified in only
approximately 50% of patients. It is possible that the offending agent was
expelled back into the cecum as intraluminal pressure rises in the
appendiceal lumen and at the time of appendectomy, the evidence for a
direct cause of appendicitis is absent. However, this is speculative and
one must consider that there are other causes of appendicitis than
obturation of the appendiceal lumen by an obstructing agent. In fact, one
might argue that if obstruction of the lumen is the cause of appendicitis,
then the occurrence of appendicitis should be more evenly distributed
throughout all age groups as opposed to its relatively prominent incidence
in the second and third decades of life. The well-established observation
of the significant increase in lymphoid follicles in young adults and their
gradual disappearance with age strongly suggests a pathogenetic role for
Iymph tissue in the development of appendicitis. Some have speculated
appendicitis ensues following a lymphoid tissue reaction to enteric
pathogens. However, to date, no experimental proof has been offered to
substantiate this hypothesis. Accordingly, it is fair to state that luminal
obstruction appears to account for many cases of appendicitis, but the
cause for a substantial number of cases remains elusive.

Bacteriology

As appendectomy became increasingly popular in the last decades of
the nineteenth century and first half of the twentieth century, most
clinicians considered appendicitis to be a single-organism entity. Al-
though a wide variety of both aerobic and anaerobic species had been
demonstrated in the peritoneal fluid of patients with appendicitis, only
single organisms were observed in culture and both aerobic and anaerobic
organisms were never recognized together.”’° Our understanding of the
bacteriology of appendicitis was radically altered with the publication in
1938 of William Altemeier’s landmark study documenting the polymi-
crobial nature of the infected appendix.®® Altemeier reported, isolating
more than 4 different organisms per specimen in patients with perforated
appendicitis. The concept of bacterial synergy was developed at roughly
the same time that Altemeier published his findings.®’ Together, the
observations of the coexistence and synergistic relationship of multiple
aerobic and anaerobic organisms significantly advanced the prevailing
understanding of mixed intra-abdominal infections in general and appen-
dicitis in particular.

Since Altemeier’s seminal publication, there have been substantial
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improvements in specimen handling and culture techniques as well as the
description of many new organisms, especially among the anaerobes.
Indeed, microbiologic specimen handling, culture, and transport tech-
niques are a critical factor in the accurate and complete description of the
bacteriology of appendicitis. Accordingly, many reports in the 1980s
demonstrated an average of 2 to 4 microorganisms cultured from patients
with perforated or gangrenous appendicitis.®>”’° However, with advances
in specimen handling and culture techniques, more recent reports dem-
onstrate an average of approximately 12 organisms per specimen from
patients with gangrenous or perforated appendicitis.”®’" It appears that
the discrepancy from previous reports may be attributed in part to the
time-intensive isolation of fastidious anaerobic bacteria that includes the
processing and isolation of bacteria in a strict anaerobic environment and
the use of culture media that has never been exposed to oxygen. In
addition, careful attention to specimen collection and transport so that
exposure of atmospheric oxygen to cultured material is absolutely
minimized, is crucial to accurate and complete identification of all
organisms. The aerobic and anaerobic bacteria recovered with meticulous
culture techniques from patients with gangrenous or perforated appendi-
citis are listed in Tables 1 and 2.>*°®"" Bacteroides fragilis is present in
more than 70% of cases. Escherichia coli is the most common aerobic
Gram-negative species and is also present in more than 70% of cases. In
general, more than 10 organisms can be cultured from the infected
appendix and typically, anaerobic organisms exceed aerobic species in
colony counts by a ratio of 3:1.

An important pathologic development in appendicitis is compromise of
the mucosal barrier by progressive ischemia.”® It is at this juncture that
bacterial invasion of the appendiceal wall occurs. Baron and colleagues’?
demonstrated a highly significant difference between the number of
bacteria cultured from the appendiceal wall in patients with pathologi-
cally proven acute appendicitis (2.3 bacteria/specimen; 0.6 aerobes and
1.7 anaerobes) and the number in patients with gangrenous or perforated
appendicitis (9.9 bacteria/specimen; 2.6 aerobes and 7.3 anaerobes). In
patients with acute appendicitis only, bacteria are infrequently cultured
from the peritoneal fluid. However, bacteria are recovered from the
peritoneal fluid or wounds of more than 80% of patients with gangrenous
or perforated appendicitis. If cultures are positive, they demonstrate the
same organisms that are cultured from the appendiceal wall in the same
patients.

Interestingly, the proportions and relative frequency of the recovered
bacteria in patients with appendicitis are not the same as in the normal
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TABLE 1. Percentage of aerobic and facultative bacteria cultured from patients with gangrenous and
perforated appendicitis

Gangrenous Perforated

H 0
Bacteria (%) (%) All (%)
Escherichia coli 70.4 77.3 74.6
Streptococcus viridans 18.5 43.2 33.8
Streptococcus, group D 7.4 27.3 19.7
Pseudomonas aeruginosa 11.1 18.2 15.5
Entercoccus sp. 18.5 9.1 12.7
Staphylococcus sp. 14.8 11.4 12.7
Pseudomonas sp. 7.4 9.1 8.5
Citrobacter freundii 3.7 6.8 5.6
Beta-hemolytic streptococcus, group F 7.4 4.5 5.6
Beta-hemolytic streptococcus, group C 3.7 4.5 4.2
Enterobacter sp. 7.4 2.3 4.2
Klebsiella sp. 3.7 4.5 4.2
Beta-hemolytic streptococcus, group G 0 4.5 2.8
Moraxella sp. 3.7 2.3 2.8
Corynebacterium sp. 0 2.3 1.4
Serratia marcescens 3.7 0 1.4
Eikenella corrodens 0 2.3 1.4
Hafnia alvei 3.7 0 1.4
Hemophilus influenzae 0 2.3 1.4

From Bennion RS, Thompson JE. Appendicitis. In: Donald E. Fry, editor. Surgical Infections.
Boston: Little, Brown; 1995, pp. 241-250. Reproduced by permission.

colon.” Specifically, Clostridium species, Enterococcus species, Enter-
obacter cloacae, Lactobacillus species, Eubacterium species, Bacteroides
vulgatus, and Bacteroides distasonis are less frequently encountered than
one would predict.”' The clinical significance of this observation is
unclear.

In brief, there are several principles about the bacteriology of appendi-
citis that are worth reviewing: 1) infection due to appendicitis is
polymicrobial with typically more than 10 organisms per specimen and a
predominance of anaerobic organisms followed by Gram-negative organ-
isms; 2) cultures of peritoneal fluid are frequently negative in patients
with acute suppurative appendicitis only; and 3) in patients with gangre-
nous or perforated appendicitis, cultures are often positive and generally,
the same organisms may be cultured from the wound, peritoneal fluid, and
appendiceal wall.

Clinical Presentation

The diagnosis of acute appendicitis remains 1 of the last bastions of
clinical medicine.*" A carefully detailed history and physical examination
will provide the proper diagnosis in the majority of cases and expedite
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TABLE 2. Percentage of anaerobic bacteria cultured from patients with gangrenous and perforated
appendicitis

. Gangrenous Perforated o
Bacteria (%) (%) All (%)
Bacteroides fragilis 70.1 79.5 76.1
Bacteroides thetaiotaomicron 48.1 61.4 56.3
Bilophila wadsworthia 37.0 54.5 47.9
Peptostreptococcus micros 44.4 45.5 45.1
Eubacterium sp. 40.7 29.5 33.8
Bacteroides intermedius 33.3 27.3 29.6
Bacteroides vulgatus 18.5 34.1 28.2
Bacteroides splanchnicus 25.9 27.3 26.8
Fusobacterium sp. 22.2 27.3 25.4
Bacteroides ovatus 18.5 27.3 23.9
Microaerophilic streptococci 29.6 20.5 23.9
Peptostreptococcus sp. 29.6 18.2 22.5
Lactobacillus sp. 22.2 20.5 21.1
Bacteroides uniformis 22.2 18.2 19.7
Bacteroides distasonis 14.8 20.5 18.3
Clostridium clostridioforme 18.5 18.2 18.3
Bacteroides gracilis 11.1 15.9 14.1
Actinomyces sp. 11.1 11.4 11.3
Other Bacteroides 22.2 34.1 29.6
Other Clostridia 33.3 20.5 25.4
Other Gram-negative rods 7.4 13.6 11.3

From Bennion RS, Thompson JE. Appendicitis. In: Donald E. Fry, editor. Surgical Infections.
Boston: Little, Brown; 1995, pp 241-250. Reproduced by permission.

appropriate treatment. Furthermore, in many other areas of clinical
medicine, an initially tentative or even misguided diagnosis is not
necessarily harmful as laboratory or imaging investigations are completed
to confirm or refute the initial suspicions. However, with acute appendi-
citis, delays in diagnosis can be harmful and may convert a relatively
uncomplicated case into a case with substantial morbidity or even,
mortality in patients with significant comorbid illnesses.*'**?® The
patient with an atypical presentation of appendicitis can be a taxing
diagnostic problem, yet delay in diagnosis often results in advanced
disease with perforation and a marked increase in the complication rate.
Delay or error in diagnosis of acute appendicitis is now 1 of the most
frequent allegations of medical malpractice that are leveled against
general surgeons, emergency medicine physicians, and primary care
physicians. Phillips and colleagues’® analyzed the Physician Insurers
Association of America malpractice claims data from 1985 through 2000.
These investigators evaluated 49,345 primary care claims of which
approximately one third were classified as “diagnosis error.” Within this
group of claims, they found a significantly disproportionate risk of certain

Curr Probl Surg, October 2005 705



condition-specific negligent event claims relative to the actual frequency
of the condition in the population. Specifically, they found that appendi-
citis was 25 times more likely to generate a claim of medical malpractice
than breast cancer.

As diagnostic studies of all types have progressed in sophistication and
accuracy in recent decades, clinicians have often developed the habit of
reliance on these studies for confirmation of a diagnosis. Often, that is an
appropriate stance. However, the diagnosis of acute appendicitis is often
apparent to the astute, bedside clinician and laboratory or imaging studies
should be considered as adjunctive, not mandatory, and are primarily
useful when the diagnosis is obscure. Indeed, the authors have partici-
pated in numerous cases in which obtaining additional investigations
added hours of unnecessary delay to the evaluation and treatment of the
patient when the history and physical findings were characteristic of
appendicitis.

Acute Nonperforated Appendicitis

The characteristic presentation of acute nonperforated or suppurative
appendicitis is abdominal pain in a teenager or young adult that
progressively worsens over a 12- to 24-hour time period.>>~*”> Abdom-
inal pain is present in more than 95% of patients with appendicitis. In the
early stages of appendicitis, the pain is thought to be mediated by
autonomic visceral pain afferent fibers. Accordingly, it begins as a
midabdominal or periumbilical ache or discomfort. It is poorly localizing,
occasionally crampy, unrelieved by passage of stool or flatus, and
unrelated to activity or position. During this stage, more than 90% of
patients complain of anorexia and, in fact, a hungry patient should cast
doubt on the diagnosis. Sixty percent to 80% of patients are nauseated.
Diarrhea is very uncommon, but has been reported in patients with
appendicitis. Diarrhea is obviously a common accompaniment of gastro-
enteritis that is in the differential diagnosis of right lower quadrant pain,
but by itself, diarrhea should not rule out the diagnosis of appendicitis.

Six to 12 hours after the onset of the illness, inflammation of the
appendix begins to extend to surrounding organs and the parietal
peritoneum overlying the appendix. In the process, appendiceal inflam-
mation activates somatic pain fibers that localize pain to the region of the
appendix. Subsequently, the poorly localizing midabdominal ache that
characterizes the early stages of appendicitis evolves into well-localized,
sharp pain that is progressively severe. Conventional wisdom is that the
pain of appendicitis localizes at McBurney’s point: approximately two
thirds of the distance along a line drawn from the umbilicus to the right
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anterior superior iliac crest. However, the inconstant anatomic location of
the appendix manifests itself as appendiceal pain that can localize in a
wide variety of positions, although generally in the right lower quadrant
of the abdomen. Interestingly, one fourth of all patients with appendicitis
present with localizing pain as an initial symptom without prior visceral
symptoms. During this period when the pain localizes, any sudden
movement, including coughing, elicits intense pain. Indeed, many pa-
tients report that the bumps in the road during the automobile ride to the
hospital or emergency room were especially excruciating in terms of
stimulating their abdominal pain.

John B. Murphy was the first to emphasize the order of occurrence of
symptoms’>: pain, anorexia, tenderness, fever, and leukocytosis. Murphy
stated: “The symptoms occur almost without exception in the above
order, and when that order varies I always question the diagnosis.” There
are always exceptions, but an excellent diagnostic tenet is that if nausea
or fever precedes the first complaint of pain, then the diagnosis is not
appendicitis.

Upon inspection, the patient often assumes the fetal position or lies very
still with the right leg flexed at the hip. Temperature elevation of 37.5°C
to 38.0°C is common. However, approximately 25% to 50% of all
patients with acute appendicitis have a normal temperature
(<37.5°C).365 Palpation of the abdomen reveals localized tenderness.
Rebound tenderness, voluntary and involuntary guarding, and rigidity
may also be present depending on how advanced is the appendiceal
inflammation. Cutaneous hyperesthesia may be present in the region of
maximal tenderness. It is important to remember that physical signs will
vary depending on the position of the appendix. With a retrocecal or
pelvic appendix, there may be minimal tenderness to palpation.

Pelvic examination in women and rectal examinations in all patients
may be unremarkable with acute appendicitis, but are a mandatory part of
the physical examination. If the tip of the appendix is oriented toward the
pelvis, then tenderness may be elicited on intra-abdominal palpation by
either of these routes, thereby helping to confirm the diagnosis and
localize the appendix. Furthermore, the necessity of complete pelvic and
rectal examinations to exclude other disease is emphasized by reported
series of more than 20% negative appendectomy rates in women explored
for suspected appendicitis.

Although unusual, inflammation of the appendix when it abuts the
obturator muscles or the psoas muscles will result in increased pain on
passive stretching of these muscles.”” Sensitivity of either muscle group
to stretching can help localize the appendix within the abdomen. The
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“obturator sign” is detected by adductor pain after internal rotation of the
flexed thigh. The “psoas sign” is elicited by passive extension of the right
thigh with the patient in the left lateral decubitus position. Pain may
radiate to the right testicle in men. Rovsing’s sign is frequently present
and refers to right lower quadrant pain that is stimulated by palpation of
the left lower quadrant.

Wagner and colleagues’® performed a meta-analysis of the clinical
presentation of appendicitis and concluded that a diagnosis was most
likely in the presence of right lower quadrant pain, tenderness, and
migration of the pain from the periumbilical area to the right lower
quadrant. However, they stressed that no single finding effectively rules
out the diagnosis.

The most signficant abnormal laboratory finding in patients with acute
appendicitis is leukocytosis with an average elevation to approximately
15.0 X 10° white blood cells per liter.*>**>° Although leukocytosis is
helpful in supporting the diagnosis, it may not always be present. Pieper
and colleagues®® reported experience with 493 patients in which only
67% had a leukocyte count greater than 11.0 X 10 white blood cells per
liter. Cardall and colleagues’’ performed a prospective study of 293
patients to evaluate the clinical utility of leukocytosis and fever in the
diagnosis of appendicitis. The sensitivity of leukocytosis was 76%, the
specificity was 52%, the positive predictive value was 42%, and the
negative predictive value was 82%. A temperature of more than 99.0°F
had a sensitivity of 47%, specificity of 64%, positive predictive value of
37%, and negative predictive value of 72%. In short, their findings
suggest that leukocytosis and fever are not reliable diagnostic tests for
appendicitis and clinicians should be wary of relying on abnormalities of
either in the diagnosis of appendicitis.

The duration of symptoms varies according to the pathologic condition
of the appendix; generally, patients with perforated appendicitis report
symptoms for longer than the 12- to 24-hour time period that is
commonly observed in patients with acute suppurative or nonperforating
appendicitis. In addition, abdominal pain is more intense and diffuse
when the appendix perforates. Common signs and symptoms of the
appendicitis and their frequency are shown in Table 3.733%3

Appendicitis with Perforation

Perforation occurs overall in approximately 20% to 30% of patients
with appendicitis.>>>* In general, patients with perforation have a
longer duration of symptoms before surgery that again, emphasizes the
principle of expeditious diagnosis and treatment. Some series suggest a
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TABLE 3. Frequency of common signs and symptoms in patients with appendicitis

Symptoms %
Abdominal pain 100
Right lower quadrant 75
Periumbilical 15
Diffuse 10
Anorexia 80
Nausea 80
Vomiting 60
Signs
Abdominal tenderness 100
Right lower quadrant 95
Other 5
Temperature >37.5°C 70
Rebound tenderness 70
Rectal tenderness 45
Guarding or rigidity 35

Values reported are approximate averages culled from the literature.35-38:5%

From Bennion RS, Thompson JE. Appendicitis. In: Donald E. Fry, editor. Surgical Infections.
Boston: Little, Brown; 1995, pp 241-250. Reproduced by permission.

perforation rate of more than 50% in children younger than 3 years and
adults older than 50 years. The high incidence of perforation in these
groups is likely related to delays in presentation and diagnosis.

The hallmarks of appendicitis with perforation are increasing intensity
of abdominal pain, local or diffuse peritonitis, temperature elevation
greater than 38°C, and tachycardia. Nonperforated appendicitis is not
commonly associated with temperature elevation over 38°C. Tachycardia
is an excellent marker for illness severity and is characteristic of
perforated appendicitis with a severe inflammatory response that may
signal impending or ongoing systemic sepsis.

Patients who progress to perforation account for most of the morbidity
and mortality associated with acute appendicitis. In the 1930s, the
mortality rate for perforated appendicitis was 13%.”® Although most
patients with appendicitis can be diagnosed readily, there are many in
whom a firm diagnosis cannot be easily reached. Accordingly, it is
appropriate to have a liberal approach in making the diagnosis with the
understanding that some patients will undergo operation and be found to
have a normal appendix. In this manner, some patients with an ambiguous
clinical presentation and who actually have appendicitis will undergo
surgery before they proceed to perforation and its associated morbidity. In
short, the morbidity of a negative appendectomy is preferable to the
morbidity of perforated appendicitis. The medical community is generally
willing to accept a negative appendectomy rate of 10% to 20%, with
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higher false negative rates of diagnosis in women than men.2¢-32-3-36-38

The recent availability of noninvasive diagnostic tests that may aid in the
diagnosis of patients with atypical presentations may minimize negative
explorations and facilitate aggressive intervention before perforation.
Regardless, the clinician must be prepared to operate in equivocal
circumstances, consistent with the principle to remove the appendix
before it perforates.

Periappendiceal Abscess

Periappendiceal abscess has been reported to develop in up to 10% of
patients with appendicitis.>* The classic presentation is of a patient who
experiences severe right lower quadrant pain for 1 to 2 days associated
with fever and then resolves both their pain and fever. After 7 to 10 days,
the fever recurs and they notice mild to moderate right lower quadrant
discomfort. Physical examination demonstrates a palpable mass in the
right lower quadrant. Broadly speaking, any patient with a right lower
quadrant mass and fever should be considered to have a periappendiceal
abscess until proven otherwise. Imaging with ultrasound or computed
tomography (CT) will confirm the diagnosis in most cases.

Management depends on the patient’s condition. If the patient is not
toxic and signs of sepsis are absent, then it is preferable for the patient to
undergo percutaneous drainage of the abscess with systemic antibiotic
therapy. If adequate drainage can be achieved, then the abscess cavity will
frequently collapse over 5 to 10 days and the inflammatory process will
resolve. The patient can be discharged from the hospital once the
infection is under control and undergo elective or interval appendectomy
6 to 8 weeks later. This approach avoids the morbidity associated with
exploring a patient with a large abscess or phlegmon in whom it is often
difficult even to locate the appendix, let alone remove it.

On the other hand, unremitting sepsis or inadequate percutaneous
drainage should prompt operative intervention. Drainage should be as
complete and dependent as possible. The surgeon should be prepared to
encounter substantial inflammation and surgical therapy may be limited to
abscess drainage alone. It may not be possible, nor should the surgeon
aggressively pursue appendectomy. It is much safer to permit the abscess
and surrounding inflammation to resolve before proceeding with a second
stage procedure to remove the appendix.

Recurrent and Chronic Appendicitis

Although surgeons debate their existence, both recurrent and chronic
appendicitis appear to be real clinical diagnoses.>* Recurrent appendicitis
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refers to a pattern of symptoms in which the patient reports mild,
self-limited attacks of right lower quadrant pain that typically last for
hours before resolving spontaneously. Often, the symptoms are not severe
and the patient may not seek medical attention. Eventually, the patient has
a severe attack, the diagnosis of acute appendicitis is suspected, and
appendectomy is performed. The diagnosis of recurrent appendicitis is a
retrospective one in which the patient reports multiple attacks of pain of
which all but the most recent one before surgery are mild in severity.
Indeed, up to 9% of patients being evaluated for acute appendicitis report
a history of similar symptoms.>> Similarly, if interval appendectomy after
medical treatment of appendicitis is avoided, then the likelihood of
recurrence is stated to be anywhere from 10% to 80%. Finally, after
appendectomy for recurrent appendicitis, pathologic findings frequently
include chronic as well as acute inflammation, providing further circum-
stantial evidence for the entity, “recurrent appendicitis.”

Chronic appendicitis is considered to be even rarer and more difficult to
diagnose than recurrent appendicitis. It refers to a patient who reports
constant well-localized right lower quadrant pain and tenderness with no
other identifiable pelvic or abdominal disease. If appendectomy com-
pletely relieves the pain and pathologic findings include chronic inflam-
mation of the appendix, then the diagnosis of chronic appendicitis is
secured. However, it is important to note that it is very difficult to make
this diagnosis preoperatively and this explanation for a patient’s abdom-
inal complaints should be used sparingly.

Atypical Presentations? 22

It is generally held that approximately one fourth of all patients with
appendicitis present with atypical signs and symptoms. In these cases, the
presence of common signs and symptoms, and the progression of disease
are variable. The danger, of course, is that an atypical presentation
obscures the diagnosis until perforation occurs and the necessity for
operation is obvious in the face of a toxic patient with an acute abdomen.
Nonetheless, there are 3 factors that are associated with most atypical
presentations: extremes of age, variable appendiceal position within the
abdomen, and associated conditions such as pregnancy, Crohn’s disease,
prior administration of antibiotics, steroids or other immunosuppressive
agents, or patients who are recovering from another operation.

Children with appendicitis tend to be diagnosed at a more advanced
stage of inflammation than adults. Historically, perforation rates of 17%
to 41% have been reported, with up to 50% of children developing
postoperative infectious complications. Improvements in early diagnosis
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and antibiotic therapy have markedly reduced the complications in recent
reports of older children. However, appendicitis in early childhood,
although uncommon, remains especially challenging. Children between 1
and 5 years of age have a 70% perforation rate and before 1 year of age,
virtually all patients have perforated appendicitis at the time of diagnosis.
Explanations have been offered that include a short, incompletely formed
omentum and a more aggressive form of disease, but the most likely
reason is simply delay in presentation and diagnosis. Jackson’® made an
interesting observation in 313 children with acute appendicitis. The
perforation rate in this study was 50% and correlated with the time to
presentation. There was a 24% perforation rate in children who presented
within 12 hours, a 42% perforation rate in children who presented within
24 hours, a 60% perforation rate in children who presented within 48
hours, and an 83% perforation rate in children who presented after 48
hours. Localizing pain and tenderness are less common in the young child
and frequently the only complaint is generalized pain. Progressive illness
of greater than 24 hours’ duration with diffuse tenderness, high fever, and
leukocytosis suggests appendicitis. As in adults, early operative interven-
tion minimizes postoperative morbidity.

The pattern of clinical features in appendicitis in the elderly does not
appear to be appreciably different than in younger patients. However, as
with children, it is often difficult to diagnose appendicitis in the elderly
patient. With increasing age, the differential diagnosis of abdominal pain
is more extensive and the occurrence of appendicitis is less common.
Although it is difficult to quantify, most surgeons agree that the elderly
patient is typically more stoic than the younger patient and this may
contribute to a delay in presentation. Up to 40% to 70% of elderly patients
have a perforated appendix at the time of surgical exploration. Perforation
may be due to delays in presentation or diagnosis, but some have
speculated on anatomic differences in the appendix in the elderly that lead
to early perforation. These factors include a thinned, atrophic appendix
with diminished blood supply and an attenuated inflammatory response to
localize or “wall-off” the infected appendix. The morbidity rate of
appendicitis in the elderly is reported to be greater than 50% and this
probably relates to both the high perforation rate and the frequent
presence of comorbid illnesses.

The diagnosis of appendicitis can be very challenging in pregnant
women for several reasons and delays in diagnosis that lead to perforation
can be catastrophic in terms of fetal demise. The pregnant patient is
neither more nor less prone to appendicitis and the incidence is equally
distributed among all trimesters. Abdominal pain, nausea, and vomiting
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are all frequently present during the first trimester of pregnancy and so,
there may be initially a low index of suspicion for appendicitis at this
stage of pregnancy. In the second and third trimesters, the position of the
appendix shifts toward the right upper quadrant and, therefore, the
associated pain and tenderness of appendicitis is shifted superiorly as
well. Leukocytosis is a normal feature of pregnancy so its presence is
difficult to interpret. Complications of pregnancy add to the differential
diagnosis so that a firm diagnosis can be difficult to achieve. However, if
perforation and subsequent peritonitis develop, there is a reported fetal
mortality rate of more than 30% and even a maternal mortality rate of 1%
to 2%. Appendectomy for nonperforated acute appendicitis has a low fetal
mortality rate and negligible maternal mortality rate. Hence, once the
diagnosis of appendicitis has been made in the pregnant patient, urgent
exploration should be accomplished. In addition, some advocate a liberal
approach and justify a negative appendectomy rate of 20% to 40% to
minimize the risk of perforation. Appendicitis remains the most frequent
nonobstetric indication for laparotomy during pregnancy.

Differential Diagnosis?'?%2°

The differential diagnosis for appendicitis is lengthy. Stated differently,
appendicitis is in the differential diagnosis of virtually any patient with
acute abdominal pain. Certainly, any inflammatory process that localizes
or is referred to the right lower quadrant is in the differential diagnosis of
appendicitis. It useful to consider alternative diagnoses for appendicitis
based on the patient’s age and gender.

In children, it is helpful to remember that appendicitis is very unusual
in children younger than 5 years. Extra-abdominal childhood illnesses
such as otitis media, pneumonia, or meningitis may manifest with
abdominal discomfort, nausea, and vomiting. Careful attention to a
thorough physical examination often aids in identifying extra-abdominal
diseases. Although diarrhea does not exclude the diagnosis of appendi-
citis, it is an unusual accompaniment to the disease. Diarrhea, especially
in large amounts, and abdominal pain are more characteristic of viral
gastroenteritis. A prodrome of fever, myalgias, and easy fatigability
suggest a viral etiology for the patient’s symptoms. Mesenteric lymph-
adenitis may also be confused with appendicitis. Frequently, an anteced-
ent history of respiratory tract infection can be elicited to support the
diagnosis of mesenteric lymphadenitis. Meckel’s diverticulitis can be
indistinguishable from appendicitis based on the preoperative history and
physical examination. Intussusception typically manifests with episodic
abdominal pain and distension. Physical findings of a tender, abdominal
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mass and hemoccult-positive stool also support the diagnosis. In the
neutropenic child with right lower quadrant tenderness, typhlitis or acute
inflammation of the cecum is a consideration. Systemic antibiotics are the
mainstay of therapy and CT imaging may be useful in distinguishing
typhlitis from appendicitis especially if there is evidence of pneumatosis
intestinalis of the colonic wall.

The highest percentage of misdiagnosis in patients who appear to have
appendicitis occurs in women of childbearing age. Gynecologic problems
are frequently mistaken for appendicitis and the negative appendectomy
rate in young women ranges from 15% to 40%. Salpingitis can manifest
in a remarkably similar pattern to appendicitis. Patients with salpingitis
may have a more prolonged course of illness before presentation and on
physical examination, cervical motion tenderness may suggest the diag-
nosis. A ruptured ovarian follicle can cause abdominal pain that localizes
to the lower quadrants. Its occurrence at mid-cycle, or mittelschmerz,
along with the absence of systemic symptoms or signs and a history of
recurrent pain suggest this diagnosis. Symptoms that occur in association
with menses are consistent with endometriosis especially when pain
occurs in the absence of other symptoms and signs of inflammation. A
ruptured ectopic pregnancy is in the differential diagnosis of appendicitis.
Hemodynamic changes consistent with hemorrhage, a tender, painful
mass on pelvic examination, and a positive pregnancy test, all suggest this
diagnosis. Traditionally, culdocentesis of nonclotted blood was diagnos-
tic, but more recently, imaging studies such as ultrasound examination
have proven to be very helpful. Urgent exploration should not be delayed
if there is evidence of uncontrolled hemorrhage.

In young men, the diagnosis of appendicitis is most readily apparent.
Testicular torsion or epididymitis may manifest with right lower quadrant
pain, but they are usually easily distinguished from appendicitis on
physical examination. Symptomatic nephrolithiasis or urinary tract infec-
tion may manifest in either gender with right lower quadrant pain. The
presence of flank or back pain along with hematuria or pyuria suggests a
diagnosis associated with the genitourinary tract. Crohn’s disease often
manifests in young patients and, on occasion, can be confused with
appendicitis. Typically, the patient will have a history of recurring
symptoms, alteration in bowel habits, and possibly blood in the stool. It
is always worthwhile to elicit a travel history from the patient with acute
abdominal pain. Recent travel to a foreign country along with a history of
diarrhea should raise the suspicion of infectious enteritis or colitis.
Infarcted appendicae epiploica usually manifests with sharp pain that is
highly localized. The diagnosis is suggested by point tenderness in the
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absence of other inflammatory signs such as fever or leukocytosis. Before
CT, it was very difficult to make the diagnosis, but now CT can often
identify the offending focus.

In the elderly patient, colonic diverticulitis should be in the differential
diagnosis of appendicitis. Cecal diverticulitis is unusual, but may be
indistinguishable from appendicitis. There may be a longer prodrome and
CT may help to distinguish the 2 diagnoses, but it is often determined at
the time of exploration. Sigmoid diverticulitis, of course, is usually
manifest in the left lower quadrant. However, a redundant sigmoid colon
may “flop over” to the right lower quadrant and lead to a presentation
similar to appendicitis.

Diagnostic Imaging

Several radiologic modalities have been used in the diagnosis of
appendicitis. Ultrasonography and CT have proven extremely useful in
clinically equivocal cases of appendicitis. However, routine use of these
modalities in all patients suspected of having appendicitis is not well-
established. If the diagnosis is apparent from the history, physical
examination, and laboratory studies, immediate operation without imag-
ing is justified.

Plain Radiography

Plain radiography has been used in evaluating gastrointestinal disease
since the early 1900s. This modality has been invaluable in diagnosing
many gastrointestinal disorders, but it has not been very useful in
diagnosing patients with appendicitis. The appearance of an opaque
fecalith in the right lower quadrant is often quoted as being the hallmark
radiographic finding in appendicitis, but fewer than 5% to 8% of patients
present with this finding.*>*° Other commonly described but nonspecific
findings include gas in the appendix, localized paralytic ileus, loss of
cecal shadow, blurring or obliteration of the right psoas muscle, rightward
scoliosis of the lumbar spine, haziness over the right sacroiliac joint, and
free intraperitoneal air or fluid.*>* In a study of 821 consecutive patients
hospitalized for suspected appendicitis, no individual radiographic finding
was highly sensitive or specific.®' In patients with equivocal clinical
findings, plain abdominal films may be indicated when other conditions
such as perforation, intestinal obstruction, or ureteral calculus are sus-
pected.®? Overall, plain radiographs lack sensitivity and specificity in
diagnosing appendicitis and are not cost-effective in the diagnosis of
appendicitis.
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Barium Enema

The use of barium enemas as a primary modality to diagnose appendi-
citis is largely of historical interest only. Most of the clinical studies that
advocated the use of barium enemas to diagnose appendicitis were before
CT came into wide use. The radiographic findings suggestive of appen-
dicitis include incomplete filling of the appendix, irregularities of the
appendiceal lumen, mass effect on the cecum or terminal ileum, and most
importantly, nonvisualization of the appendix.*>®* Diagnostic problems
in using barium enemas include the fact that the appendix cannot be
visualized in 10% of normal patients. In addition, the appendix has been
reported to fill with barium in patients with perforation, resulting in
spillage of barium into the peritoneal cavity.>* Finally, barium enemas are
uncomfortable and time-consuming, and their diagnostic accuracy is less
than other noninvasive imaging modalities. For these reasons, barium
enema is now used infrequently in the diagnosis of appendicitis.*”

Ultrasonography

Ultrasound was first used as a diagnostic modality in the early 1950s.
However, it was not until 1981 that Deutsch and Leopold®* reported the
first ultrasonic visualization of the appendix. Following this initial
publication, ultrasound studies of appendicitis began to appear in the
literature over the next 10 years. The late introduction of ultrasound as a
diagnostic modality for appendicitis was largely due to the interference of
bowel gas and the lack of a transducer with enough spatial resolution to
pick up small structures such as the appendix. Introduction of the graded
compression technique in ultrasound improved the ability to visualize the
appendix. It decreases the distance between the transducer and the
appendix, and compresses overlying bowel that eliminates gas artifacts
and enables clearer visualization of retroperitoneal structures for compar-
ison. The technique involves applying gradual, moderate pressure over
the right lower quadrant in an effort to collapse the normal bowel and
visualize the distended appendix.

The inflamed appendix on ultrasound has been described as an immo-
bile, noncompressible, blind-ending structure consisting of an anechoic
lumen surrounded by an echogenic mucosa and hypoechoic thickened
wall adjacent to the cecum.®® The diagnostic accuracy of graded com-
pression ultrasound has been reported to range from 71% to 97%, with
sensitivities and specificities in the 76% to 96% and 47% to 94% ranges,
respectively.?>*9-#%87 This wide range of findings is not surprising for a
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modality in which the diagnostic images and their interpretation are
highly dependent on operator clinical and technical skills.

When the appendix is visualized, the criteria for diagnosis of acute
appendicitis by ultrasonography are well-described.**** The most useful
ultrasound finding that is suggestive of appendicitis is reported to be a
transverse appendiceal diameter of 6 to 7 mm or greater.*> The difficulty
with this criterion for diagnosing appendicitis is that the normal appen-
diceal diameter ranges from 3 to 13 mm. However, 1 study showed that
only 9% of patients had an appendiceal diameter of 7 mm or more.*
Overall, this finding has been reported to have a sensitivity of 100%, but
a specificity of only 64%.%°

The ultrasound finding of a “target” appearance of the inflamed
appendix, namely, a lumen surrounded by a thickened wall, has also been
described as a characteristic finding of appendicitis.®> Inflammatory fat
changes have been described on ultrasonography in patients with acute
appendicitis, but this finding is reported to have a low sensitivity of
50%.%° The ultrasound findings of appendiceal perforation include
loculated pericecal fluid, a phlegmon, prominent pericecal fat, and
circumferential loss of the submucosal layer. Other findings include an
appendicolith and the absence of gas in the appendiceal lumen.

Despite these well-described ultrasound findings, there does not appear
to be an evidence-based standard on how they are used and there is
variability in terms of which findings an individual radiologist will use in
making the diagnosis of appendicitis. In a recent prospective ultrasound
study of 457 patients in which the appendix was visualized (239 control
patients, 138 with right lower quadrant pain without appendicitis, and 80
with appendicitis), the investigators used the following criteria to differ-
entiate an acutely inflamed appendix from a normal one: 1) proof that the
point of maximal tenderness was located at the appendix, 2) an outer
appendiceal diameter of 6 mm or more, 3) noncompressibility of the
appendix, 4) rounded transverse section of the appendix, 5) increased
blood flow in the appendiceal wall on color Doppler, and 6) echogenic
periappendiceal inflammatory fat changes.”’ Unfortunately, the investi-
gators did not state whether all 6 findings had to be present at the same
time to diagnose appendicitis or if 1 or 2 of the findings were definitive
for their purposes. In contrast, in a prospective, randomized comparison
of CT with ultrasound to diagnose appendicitis in 89 patients, the authors
used the following criteria to differentiate an acutely inflamed appendix
from a normal one: 1) visualization of the appendix, and 2) an outer
diameter of 6 to 7 mm or more.”* These studies clearly underscore the
need to gain a better understanding of the various ultrasound findings and
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the ongoing need to have some level of agreement in their use among
radiologists.

Difficulties with ultrasonography include the fact that a normal appen-
dix must be identified to rule out acute appendicitis, leaving some to
conclude that ultrasound is more useful in detecting appendicitis than
ruling it out.” The rates of detecting a noninflamed or normal appendix
have been reported to be between 60% and 82%.°° Visualization of a
normal appendix is more difficult in patients with a large body habitus or
if there is an associated ileus that produces shadowing due to overlying
gas-filled loops of bowel. The accuracy of ultrasonography also decreases
with a retrocecal location of the appendix.”* Moreover, perforation
significantly decreases the sensitivity of graded compression ultrasound
to as low as 28.5%.>> Common false-positive diagnoses include Meckel’s
diverticulitis, cecal diverticulitis, inflammatory bowel disease, pelvic
inflammatory disease, endometriosis, and various ovarian pathologies.

The use of ultrasound as a diagnostic modality for appendicitis has
several advantages and disadvantages. The disadvantages include the
relatively low specificity of many of the findings on ultrasound and a lack
of evidence-based procedures for conducting and interpreting appendiceal
ultrasounds. Another disadvantage is that patients often complain of the
discomfort evoked by the transducer pressure during ultrasound evalua-
tion. As for the advantages, ultrasonography is relatively inexpensive,
safe, and widely available. Other advantages include noninvasiveness,
short acquisition time, lack of radiation exposure, and the potential for
discovering other causes of abdominal pain. For these reasons, it is
especially useful in pregnant women and children. It is also useful in
women of childbearing age since ultrasound is an excellent modality for
imaging of the reproductive organs.

Computed Tomography (CT)

CT was invented in 1972 by British engineer Godfrey Hounsfield. The
original systems were dedicated to head imaging only, but “whole body”
systems with larger patient openings became available in 1976 and CT
was widely prevalent by the early 1980s. The prototype CT scanners
required roughly 4 minutes of lapsed time to acquire a single slice or
image, but modern units produce images in less than 0.5 seconds and a
complete body scan can be performed in just a few minutes. Since the
introduction of spiral CT in the 1990s, the scan times are even shorter
compared with sequential CT and the patient radiation dose is reduced.

As a diagnostic modality for appendicitis, the accuracy of CT has been
reported to be as high as 93% to 98% with sensitivity and specificity in
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the 87% to 100% and 95% to 99% range, respectively.®>*>®7 The
accuracy of CT relies in part on its ability to reveal a normal appendix
more reliably and with greater consistency than ultrasonography. In a
study of 210 helical appendiceal CT examinations in patients with oral
and rectal contrast, an enlarged appendix with periappendiceal fat
stranding was observed in 93% of patients with appendicitis.”® In another
study of 238 CT examinations with intravenous contrast, several CT
characteristics of appendicitis were described. These findings include: 1)
enlarged appendix (diameter =6 mm) (sensitivity, 93%; specificity,
92%), 2) appendiceal wall thickening (sensitivity, 66%; specificity, 96%),
3) periappendiceal fat stranding (sensitivity, 87%; specificity, 74%), and
4) appendiceal wall enhancement (sensitivity, 75%; specificity, 85%).°”
Other reports have also supported appendiceal diameter, wall changes,
and fat stranding as being the top 3 CT findings suggestive of appendi-
citis.”®

Although many studies have found CT to be an accurate modality for
the diagnosis of appendicitis, there is continued controversy regarding the
optimal CT technique for patients with suspected appendicitis.”” Three
major approaches have been advocated: 1) unenhanced CT of the
abdomen and pelvis, 2) addition of oral and/or intravenous contrast
media, and 3) focused appendiceal CT (imaging only the right lower
quadrant) using rectally administered contrast media.

Unenhanced CT has been used with some success in children and
adults.”>**° The benefits of this approach include a shorter time for CT
acquisition with maintenance of sensitivity (96% to 97%), specificity
(99% to 100%), and accuracy (97% to 99%) when compared with
traditional CT scans. Although these studies showed that appendicitis
could be diagnosed accurately without contrast, another study showed
that intravenous contrast significantly improves the diagnostic accuracy
of helical CT."%° As for focused appendiceal CT, studies using either oral
only or oral plus rectal contrast show that focused appendiceal CT yields
high levels of accuracy (96% to 98%) in clinically equivocal cases.'®"-'%*
Moreover, studies using focused appendiceal CT with rectal contrast only
yielded high levels of accuracy in the 96% to 98% range.'®'-!93194

In assessing the overall utility of CT, several authors have attempted to
document its impact on the negative appendectomy and perforation rates
for appendicitis. One study involving 908 patients noted a drop in the
negative appendectomy rate from 20% to 7% and a drop in the perforation
rates from 22% to 14%.'%* The authors concluded that CT should be
performed in nearly all female and many male patients. However, the
high CT accuracy rates in literature reports are not duplicated at all
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hospitals.'®® Naturally, decreased CT accuracy would reduce its potential
impact on perforation and negative appendectomy rates. Thus, there is
some controversy as to whether CT has positively impacted the perfora-
tion and negative appendectomy rates.'°®'?” In particular, Flum and
colleagues'® showed no changes in the population-based incidence of
negative appendectomy and perforation rate after the widespread use of
CT and ultrasound imaging.

The advantages of CT over ultrasound include its higher diagnostic
accuracy and operator independence. Additional advantages relating to
accuracy include greater ability to detect the normal appendix, phlegmon,
and abscess. In fact, CT is often used when ultrasound yields suboptimal
or inconclusive results. The disadvantages of CT include possible
iodinated contrast media allergy, patient discomfort from administration
of contrast media (especially if rectal contrast media is used), exposure to
ionizing radiation, and costs that generally range 3 to 4 times the cost of
ultrasound.

Radioisotope and Magnetic Resonance Imaging (MRI)

Radioisotope imaging with labeled white blood cells is being investi-
gated in patients with acute appendicitis. In the fall of 2004, the U.S. Food
and Drug Administration approved a new product that utilizes a mono-
clonal antibody to label white blood cells in vivo. The product, techne-
tium fanolesomab (NeutroSpec), is specifically indicated for “scinti-
graphic imaging of patients with equivocal signs and symptoms of
appendicitis who are 5 years of age or older.”® The utility of this
technique is yet to be established.

Magnetic resonance imaging (MRI) is also being investigated as a
potential diagnostic modality for appendicitis. At least 1 study has
indicated MRI to be superior to ultrasound in revealing acute appendici-
tis."®? Its role as an adjunct to evaluating patients with acute abdominal
pain remains to be determined.

Imaging Summary

The optimal imaging technique for acute appendicitis should have
several key characteristics. It must be accurate, quick, safe, technically
nonchallenging, readily available, cost efficient, and capable of being
performed with little risk or discomfort for the patient. Imaging proce-
dures, specifically ultrasonography and CT, have been very useful
especially in clinically equivocal cases. However, the routine use of
ultrasonography and CT in the diagnosis of appendicitis in all patients is
not well-established.®® The results of several studies are conflicting in
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demonstrating improvement in the negative appendectomy rate or perfo-
ration rate.'**'°°'%® For now, the use of imaging modalities in atypical
presentations of suspected cases of appendicitis is very helpful. The use
of imaging in patients with typical presentations is not clearly indicated,
but if elected, then it should complement, not replace clinical assessment
and judgment.

Antibiotic Therapy

Anderson and colleagues performed a meta-analysis of randomized or
controlled clinical trials investigating the use of antibiotic therapy versus
placebo for patients with suspected appendicitis who underwent appen-
dectomy. These investigators evaluated 45 studies with 9576 patients.''®
Outcome measures were wound infection, intra-abdominal abscess, hos-
pital length of stay, and mortality rate. Their overall conclusion is that the
use of antibiotics is superior to placebo in preventing wound infection and
intra-abdominal abscesses regardless of the pathologic state of the
appendix. The optimal duration of treatment is unclear, although it is best
to administer the first dose of antibiotics preoperatively. Finally, the
choice of antibiotics should be governed by the bacteriology of appendi-
citis. Hence, it is best to use antibiotics that provide coverage for
Gram-negative and anaerobic organisms.

Surgical Management?'%?

In general, the best treatment for appendicitis is appendectomy. There
are a handful of circumstances in which appendectomy may be delayed.
If the episode has resolved by the time the patient has sought medical
attention, then it is safe to advise elective or interval appendectomy to
prevent recurrence. If the patient has a periappendiceal abscess without
peritonitis, then it is appropriate to achieve percutaneous drainage first,
allow the inflammation and abscess to subside, and then perform an
interval appendectomy in 6 to 8 weeks. If the patient is in a remote
location such as traveling on a ship at sea where a standard operation
cannot be performed, then it is appropriate to treat the patient with
analgesics, antibiotics, and supportive therapy until it is safe to transport
the patient to a facility that can provide surgical care. However,
notwithstanding these exceptions, appendectomy is the treatment of
choice for appendicitis.

Once appendectomy has been planned, supportive measures for the
patient should be accomplished expeditiously. Hypovolemia and electro-
lyte abnormalities should be corrected even if this takes several hours. If
there is a significant ileus with abdominal distension, then a nasogastric
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tube should be placed. Comorbid illnesses, especially cardiopulmonary
disease, should be addressed. Central venous, pulmonary artery, or
arterial catheters should be placed if necessary to optimize the patient’s
condition preoperatively. Broad spectrum antibiotic coverage that covers
anaerobic and Gram-negative organisms should commence before oper-
ation. Although appendectomy should not be delayed indefinitely, it is
entirely appropriate to spend time to optimize a patient’s medical
condition to reduce the anesthetic and operative risk.

Open Appendectomy

After satisfactory induction of general anesthesia, careful palpation of
the abdomen should be accomplished. If a mass is detected, then the
incision should be made directly over the mass to facilitate drainage of the
underlying abscess. Typically, no mass is appreciated and then, a right
lower quadrant muscle-splitting incision is preferred. The skin incision
can be made either transversely or at an oblique angle as described by
McBurney. The incision should be centered at McBurney’s point,
approximately two thirds of the distance in a line drawn from the
umbilicus to the anterior superior iliac spine. This incision can be
extended medially if necessary, but initially, it should extend only slightly
over the right rectus muscle. After skin and subcutaneous tissue are
divided, the external oblique fascia is incised in the direction of its muscle
fibers. The underlying oblique muscles can then be separated bluntly in
the direction of their fibers without transection. The muscle fibers are
retracted to expose the peritoneum that is incised transversely to gain
access to the abdominal cavity. It is often possible to identify the
peritoneum easily at a point just lateral to the right rectus muscle. Access
to the abdomen at this location can be accomplished with minimal
separation of the oblique muscles and no division of the rectus muscle.

Although a paramedian incision has been employed in the past, this
technique has fallen into disfavor and it is not recommended. Even if the
diagnosis of appendicitis is proven false, it is possible to extend a right
lower quadrant incision medially to perform most operations on the right
side of the abdomen including a right hemicolectomy. Sometimes the
patient will present with an acute abdomen and peritonitis. Although
acute appendicitis may be in the differential diagnosis, it may not be
regarded with a high index of suspicion. A midline incision is entirely
appropriate under these circumstances and it is certainly possible to
remove the appendix easily through a midline incision. However, in
patients in whom the diagnosis of acute appendicitis appears likely, a
right lower quadrant incision is preferable. On occasion, a right lower
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quadrant incision may be employed for suspected appendicitis, and an
acute abdominal condition is encountered that is truly out of reach of the
incision such as a perforated duodenal ulcer. The surgeon should proceed
with the correct incision to treat the emergency at hand, and then close
both incisions at the end of the laparotomy.

Once the peritoneum is opened, any purulent fluid that is encountered
should be aspirated and cultured. Retractors are positioned to separate the
peritoneal opening and many surgeons perform a sweep of the abdomen
with their finger. In patients with an appendix that is positioned in the
pelvis, toward the sacral promontory, or toward the ileum, the surgeon’s
finger may be able to elevate the appendix into the wound easily where it
can be grasped with a forceps or noncrushing clamp. However, caution
should be exercised in performing the finger sweep. It is possible to
fracture a gangrenous appendix if performed vigorously so a gentle
approach should be adopted. In many patients, this maneuver may be
unsuccessful. It is still worthwhile to gently palpate the area and often, it
is still possible to feel a thickened, indurated appendix that directs the
surgeon to the inflamed organ. If the appendix is not readily palpable,
then there should be no hesitation to extending the incision to gain better
exposure to the abdomen. The Fowler-Weir extension refers to division of
the anterior and posterior right rectus sheath with medial retraction of the
muscle. In addition, if it is not possible to feel the appendix, then tracing
the tenia coli to their confluence helps to identify the base of the appendix
and is a particularly useful maneuver in identifying a retrocecal appendix
that is not easily palpable. If necessary, division of the lateral attachments
of the cecum permits its mobilization into the field and enhances exposure
to its posterior surface. A manual rocking action of the cecum after
division of its lateral attachments is frequently successful in bringing the
cecum and appendix anteriorly into the operative field.

Once identified, the appendix is elevated and mobilized by dividing the
mesoappendix between clamps. The mesoappendix may be thickened or
edematous and care should be taken as the friable mesoappendix is
divided. Care must be taken to securely ligate the appendiceal artery that
is located in the mesoappendix near the base of the appendix. If the
appendiceal tip is retroperitioneal or retrocecal and there is significant
inflammation, the appendix may need to be approached in a retrograde
fashion after first dividing the base of the appendix.

There are several methods for approaching the appendiceal stump. By
tradition, many surgeons crush and ligate the appendiceal stump before
inverting it with a pursestring or Z-stitch. In this situation, the stump is
ligated or double ligated with a sturdy suture and the pursestring or
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Z-stitch is placed approximately 1 cm from the stump. These techniques
have the potential to create a mucocele of the appendiceal stump and may
result in a cecal mass defect that confounds diagnosis in later life. This is
generally avoided by destroying the residual distal mucosa, often with
electrocautery. Stump inversion may be necessary in the rare case in
which appendiceal necrosis extends to the stump, but simple ligation with
a sturdy, absorbable suture is adequate in most patients. Engstrom and
Fenyo''' performed a randomized trial of ligation and double invagina-
tion versus simple ligation alone. There were no differences in wound
infection, hospital length of stay, or other outcomes in this study with the
exception of a higher rate of early small bowel obstruction in the
invaginated group.

Alternatively, a stapling device also works quite well in terms of
amputating the appendix and providing a secure closure of the cecum
adjacent to its base. In this circumstance, a short “cuff” of the cecum is
removed along with the appendix to ensure that the entire appendix is
removed. The surgeon may wish to invert the cecal staple line with
interrupted Lembert sutures, but this is not absolutely necessary. If a
stapling device is used, the surgeon must be careful not to remove too
much of the cecum and potentially, impinge on the ileocecal valve. This
can be avoided by carefully and completely dissecting all attachments of
the appendiceal base from the cecum so that the entire length of the
appendix is clearly identified before amputation and also tracing the
terminal ileum directly into the cecum to identify the ileocecal valve.
After the appendix is removed, the operative site and wound may be
irrigated and followed by closure of the abdominal wall in layers.
Drainage is not necessary unless there is an abscess cavity and then,
drainage is indicated. Even if the appendix is gangrenous or perforated,
drainage is unnecessary if there is no clearly defined abscess cavity.

If the appendix appears normal, then a thorough inspection of the
abdomen is necessary. The cecum, sigmoid colon, and ileum should be
inspected for diverticular disease. In particular, a Meckel’s diverticulum
should be sought that is likely to reside within 2 feet of the ileocecal
valve. Signs of inflammatory bowel disease should be sought. The
gallbladder should be visualized, especially in an older patient. If purulent
material is evident that seems to originate from the upper abdomen, then
evaluation of the duodenum for perforation should be accomplished.
Mesenteric lymphadenopathy should be evaluated and if present, cultures
should be obtained. In a female patient, both ovaries and Fallopian tubes
should be inspected for evidence of pelvic inflammatory disease, ruptured
follicular cysts, ectopic pregnancy, or other pathology. Again, there
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should be no hesitation to enlarge the incision to accomplish a thorough
abdominal exploration. If purulent fluid or particulate matter is present in
the abdomen, then complete exploration must be accomplished until the
source is identified since virtually all patients with this finding will have
a surgically treatable lesion.

In patients who have a normal appendix, appendectomy is still advised.
The morbidity of performing an appendectomy in this circumstance is
negligible. Furthermore, since the patient likely has a right lower quadrant
incision, then leaving the appendix behind may cause diagnostic confu-
sion in the future as clinicians are likely to consider the appendix absent
in the context of an “appendectomy” incision. The exception to this
recommendation is if the cecal wall at the base of the appendix is
diseased, most notably with Crohn’s disease. The appendix must be left
in situ in that situation since there is a significant risk of stump failure
with subsequent development of a fecal fistula.

Drainage of Periappendiceal Abscess

If a periappendiceal abscess is diagnosed preoperatively either by
physical examination or imaging studies, then percutaneous catheter
drainage is the preferable initial treatment.''* Catheter drainage using CT
or ultrasound guidance is usually successful in controlling the infectious
process and permitting the abscess cavity to collapse. Generally, 7 to 10
days of catheter drainage is necessary. An interval appendectomy may be
performed after the abscess and surrounding inflammation have resolved,
usually approximately 6 to 8 weeks after initial drainage.

If the patient has peritonitis, then exploration is warranted. The abscess
should be opened, cultured, and evacuated. Loculations should be broken
up and closed suction drains should be placed into the cavity. Appendec-
tomy should be accomplished if technically feasible. However, extreme
caution should be exercised in proceeding with appendectomy. If the
cecal wall adjacent to the appendix is especially edematous or friable,
then appendectomy should be delayed. If the appendix is not removed,
patients have a 10% to 80% risk of developing appendicitis again, so
interval appendectomy should be performed.

Laparoscopic Appendectomy

Laparoscopic appendectomy was first reported by Kurt Semm, a
German gynecologist, in 1983, but it was not until the early 1990s that
this approach gained wide acceptance.'' Since that time, there have been
multiple prospective, randomized controlled trials, several meta-analyses,
and nationwide database reviews comparing open to laparoscopic appen-
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dectomy.''*'?° Despite the plethora of data, there is still controversy
regarding laparoscopic vs. open appendectomy. However, there appears
to be an increasing trend in the utilization of laparoscopic appendectomy.
Nguyen and colleagues'?® showed that the utilization of laparoscopic
appendectomy in the United States has more than doubled, from 20% of
cases in 1999 to 43% of cases in 2003. In practice, the decision to perform
appendectomy open or laparoscopically often depends on surgeon exper-
tise and the availability of operative and hospital resources.

Indications

The indications for laparoscopic appendectomy are the same as those
for open appendectomy.'*° A laparoscopic approach provides the surgeon
with a tool not only to rule out appendicitis but also to inspect other
organs simultaneously to determine the true cause of the patient’s
symptoms. The visualization is often superior to the limited exploration
that can be accomplished through a right lower quadrant incision. This is
particularly important in the patient in whom the diagnosis is not clear
and in women of childbearing age.

The indication for laparoscopic appendectomy in complicated or per-
forated appendicitis is controversial. There have been several studies that
have examined the role of laparoscopic appendectomy in this setting and
they suggest that laparoscopic appendectomy can be performed safely in
these patients.'*'"'** The overall complication rates are comparable and
several studies suggest a lower wound infection rate and reduced hospital
length of stay. As expected, the conversion rate in these patients typically
ranges from 20% to 30%.

Given that a laparoscopic approach may be technically more challeng-
ing than an open approach, we believe that surgeons should exercise
caution in performing laparoscopic appendectomy in the absence of
sufficient training or expert assistance. Likewise, as with any laparoscopic
procedure, conversion to an open operation should be not be considered
a complication, but rather an exhibition of sound surgical judgment.

Contraindications

The number of absolute and relative contraindications to performing
laparoscopic appendectomy have decreased over the past 10 years as
minimally invasive surgical equipment and surgical skills have improved.
Perhaps the most common contraindication to performing laparoscopic
appendectomy is lack of surgeon experience. As surgeons gain confidence
in their laparoscopic skills and as the procedure becomes more common
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FIG 1. Room setup for laparoscopic appendectomy.

in residency training programs, this should not be a significant factor in
the future.

Absolute contraindications include the inability to tolerate general
anesthesia, refractory coagulopathy, and diffuse peritonitis with hemody-
namic compromise. Diffuse peritonitis with hemodynamic compromise
represents a surgical urgency in which attempted laparoscopy is not
prudent. Open laparotomy allows rapid determination of the etiology and
more expeditious management of the disorder. Relative contraindications
include previous abdominal surgery with extensive adhesions, portal
hypertension, severe cardiopulmonary disease, and advanced pregnancy.

Operative Technique for Laparoscopic Appendectomy

After the induction of general anesthesia, a urinary catheter and an
orogastric tube are placed. The surgeon and the first assistant may stand
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FIG 2. Trocar placement for laparoscopic appendectomy.

on the patient’s left side. A single video monitor is used on the right side
of the operating table (Fig 1).

Pneumoperitoneum is created with CO, insufflation into the abdominal
cavity. The initial umbilical trocar can either be a 5 mm or a 10 mm
trocar, depending on the diameter of the laparoscope being used. An
angled laparoscope, either 30° or 45°, is especially helpful. The additional
trocars are then placed under direct visualization (Fig 2). A 12 mm trocar
is used in the suprapubic area to accommodate a laparoscopic linear
stapling device and also to facilitate removal of the specimen. The larger
incisions at the umbilicus and at the suprapubic area in the hairline allow
for excellent cosmetic results. The third trocar should be a 5 mm trocar in
the right side of the abdomen over the right colon. The reason for
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FIG 3. Exposure of the appendix.

choosing this trocar placement is to allow adequate distance from the first
2 trocars and to allow for “triangulation” toward the appendix.

After exploration of the abdomen, attention is focused on the
appendix. It is helpful to place the patient in the Trendelenburg
position with the bed rotated toward the patient’s left side. Using an
atraumatic grasper via the right abdominal port, the cecum is retracted
superiorly and medially. In most cases, this maneuver will elevate the
appendix into the field of view. If the appendix is retrocecal, the
cecum should be mobilized medially by incising the lateral peritoneal
attachments of the cecum. In patients with substantial inflammation,
the appendix may be difficult to locate and technical maneuvers
described previously should be employed to mobilize the cecum to
facilitate identification of the appendix. Once the appendix is identi-
fied, it is grasped and elevated toward the anterior abdominal wall with
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FIG 4. Dissection of the mesoappendix to create a window near the base of the appendix.

an atraumatic grasper (Fig 3). Using a curved dissector a mesenteric
window is created in an avascular area of the mesentery near the base
of the appendix (Fig 4). The mesoappendix can be divided with
ultrasonic energy, a laparoscopic linear stapling device, or with
surgical clips. We prefer to use a linear stapling device with a 2.5 mm
staple cartridge to assure hemostasis (Fig 5). Once the mesoappendix
is divided, any attachments at the appendical base are dissected to
clearly identify the site of transection. The appendix is transected with
a laparoscopic linear stapling device with a 2.5 mm staple cartridge
removing a short cuff of cecum to ensure complete removal of the
appendix (Fig 6). An alternative technique of performing the appen-
dectomy involves placing 3 ligating loops at the base of the appendix
and dividing the appendix between the distal and the middle loop. The
appendiceal stump does not need to invaginated. The appendix is
placed into a specimen bag and retrieved from the intra-abdominal
cavity via either the umbilical or the suprapubic trocar site.
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FIG 5. Transection of the mesoappendix with a linear stapling device.

Results of Laparoscopic Appendectomy

Multiple prospective, randomized trials (Table 4) and meta-analyses
have been conducted to assess the value of laparoscopic appendectomy
compared with open appendectomy.''*'?” There is some variability in
the results of these studies, but several generalizations can be drawn.
Laparoscopic appendectomy was associated with longer operative times,
usually about 15 to 20 minutes. Conversion rates to an open approach
ranged from 5% to 25%, often depending on the presence of perforation
or complicated appendicitis. Hospital length of stay was either not
significantly different or favored a laparoscopic approach. In studies that
demonstrated a significantly reduced length of stay for laparoscopic
appendectomy, the advantage was typically 1 day. Most investigators
observed a faster return to normal activities by approximately 5 to 7 days
in patients who underwent laparoscopy. The results for overall compli-
cation rates were decidedly mixed, with no clear advantage for either
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FIG 6. Transection of the appendix with a linear stapling device.

approach. However, most studies demonstrated a reduced wound infec-
tion rate for patients who underwent laparoscopic appendectomy.

Several studies have accomplished cost comparison and the results are
mixed."'*!'%!?> Some have demonstrated cost savings with laparoscopic
appendectomy due to the reduced length of stay whereas others suggest
that laparoscopic appendectomy is associated with higher costs due to
longer operative times and equipment costs. In 1 study of a large,
nationwide administrative database, there was no significant difference in
cost between the 2 approaches.'*®

Despite the rapid acceptance of laparoscopic cholecystectomy and other
laparoscopic intra-abdominal procedures, there is no clear consensus
regarding the use of laparoscopic appendectomy. The results of open
appendectomy are reliable across the spectrum of hospitals and associated
with highly satisfactory outcomes. The proponents of open appendectomy
interpret the results of recent studies with the admonition that statistically
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TABLE 4. Selected randomized trials of laparoscopic versus open appendectomy

n OR Time LOS
Reference (min) Conversion rate (%) (days)
L o L (o] L (o]
Long et al (2002) 93 105 107 91 16 2.6 3.4
Pedersen et al (2001) 282 301 60 40 23 2 2
Ozmen et al (1999) 35 35 28 38 — 1.6 3.7
Hellberg et al (1999) 244 256 60 35 12 2 2
Heikkinen et al (1998) 19 21 31 41 5.3 2 2
Klinger et al. (1998) 87 82 35 31 0 3 4
Reiertsen et al (1997) 42 42 51 25 0 3.5 3.2
Minne et al (1997) 27 23 82 67 7.4 1.1 1.2
Macarulla et al (1997) 106 104 55 45 8.3 3.4 4.8
Ortega et al (1995) 167 86 68 58 6.5 2.6 2.8

L = Laparoscopic appendectomy; O = open appendectomy; OR = operating room; RTNA
= return to normal activity; LOS = hospital length of stay.

significant differences are not necessarily clinically significant and in the
case of appendectomy, there is no clear indication that laparoscopy is the
approach of choice. The proponents of laparoscopic appendectomy point
out that multiple studies demonstrate an advantage in reduced morbidity
and length of stay. Although the differences may not appear clinically
significant to some, they are significant in light of the large number of
patients who undergo the procedure annually in the United States. It is
possible that eventually laparoscopic appendectomy may become the
procedure of choice for appendicitis, but for the near future, open
appendectomy is likely to predominate.

Surgical Audit and Outcomes

There have been several large administrative database reports on
appendectomy that provide valuable insight into the current state of
surgery for appendicitis. Guller and colleagues'?® studied 43,757 patients
using the Nationwide Inpatient Sample. This sample is derived from the
Healthcare Cost and Utilization Project, which contains more than 8
million procedures in 1997 from 1000 nonfederal, community hospitals in
22 states. The average age of patients was 30.7 years and the male:female
ratio was approximately 3:2. Perforated appendicitis was present in
29.2% and appendiceal abscess was present in 12.7% of patients. The
mortality rate was 0.24%, the complication rate was 10.7%, and the
wound infection rate was 1.7%. In part, this study was designed to assess
laparoscopic vs. open appendectomy. Laparoscopic appendectomy was
performed in 17.4% of patients. The investigators found that after risk
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TABLE 4.

Wound Infection

RTNA Complications (%)
(%)
L o L (0] L (0]
14 21 18.2 16.2 28 28
7 10 2.8 6.9 10.3 9.0
— — 5.7 8.6 18 52
13 21 — — 4.9 6.2
10 19 0 4.8 — —
14 15 6 7 — —
15 19.7 2.4 0 40.5 28.6
14 14 — — 18.5 4.3
— — 0.9 4.8 5.6 7.7
9 14 2.4 12.8 4.2 20.9

adjustment, laparoscopic appendectomy was associated with a reduced
infection rate and reduced overall complication rate. They also found that
median length of hospital stay for laparoscopic appendectomy was 2.06
days compared with 2.88 days for open appendectomy (P < 0.0001).

Nguyen and colleagues'?® studied outcomes of 60,236 patients who
underwent open (68%) or laparoscopic (32%) appendectomy from 1999
to 2003. These patients were registered in the University Health System
Consortium Clinical Database, a collection of discharge data from 129
academic health centers and affiliate community hospitals across the
United States. The intent of their study was to compare the outcomes of
laparoscopic vs. open appendectomy. The noteworthy findings were that
laparoscopic appendectomy was associated with a shorter length of
hospital stay, lower rate of 30-day readmission, and lower rate of overall
complications.

Both of these studies suggest an advantage in outcomes for laparoscopic
vs. open appendectomy. Although both investigator groups attempted risk
adjustment in their analyses, a retrospective review of large administra-
tive database results must be interpreted with caution. However, the
collective results of both studies indicate that regardless of approach,
appendectomy is currently performed with negligible mortality, an overall
complication rate less than 10%, a wound infection rate less than 2%, and
an average hospital length of stay of 2 to 3 days.

Margenthaler and colleagues'*> sought to define risk factors for adverse
outcomes in patients undergoing surgery for appendicitis in the Depart-
ment of Veterans Affairs Medical Centers. All patients who underwent
surgery for appendicitis from 1991 to 1999 and were registered in the
National Surgical Quality Improvement Program were selected for study.
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There were 4163 patients who were identified. The 30-day mortality rate
was 1.8%. The 30-day morbidity rate was 16% and the most frequent
complications were prolonged ileus, failure to wean from the ventilator,
pneumonia, and both superficial and deep wound infections. Preoperative
risk factors that predicted a high risk of mortality included “completely
dependent” functional status, bleeding disorder, steroid usage, and current
pneumonia. A greater than 10% weight loss in the preceding 6 months
and “moribund” American Society of Anesthesiologists (ASA) classifi-
cation were also associated with a high risk of complications. Although
the patient population that they studied is not representative of patients
who undergo appendectomy in general, their findings underscore that
appendectomy is not a routine procedure in older patients and is
associated with significant mortality and morbidity, especially in the
presence of the aforementioned risk factors.

Summary

Appendicitis is a common condition, occurring in 250,000 patients
every year in the United States and accounting for an estimated 1 million
hospital days per year. Acute appendicitis is the most common cause of
an acute abdomen that requires surgical treatment. A diagnosis can be
made on clinical grounds in most patients, but imaging studies are useful
in patients with equivocal findings. Prompt diagnosis and surgical
treatment are the cornerstones of therapy to preempt progression of the
disease to perforation that is associated with increased morbidity. Both
laparoscopic and open appendectomy are viable surgical options, with
most recent studies suggesting more favorable outcomes with a laparo-
scopic approach. In practice, the choice for either is usually based on the
expertise of the surgeon along with the availability of hospital resources.

The precise etiology of appendicitis is unclear. Accordingly, surgeons
will continue to evaluate and treat patients with appendicitis for the
foreseeable future. The liberal use of imaging modalities to improve the
accuracy of preoperative diagnosis and minimize the negative appendec-
tomy rate is a trend that is likely to continue. Operating on a patient
without an imaging examination may often be appropriate, but will be the
exception, not the rule. Finally, the trend toward laparoscopy is relatively
slow compared with its adoption for the surgical treatment of other
diseases, but inexorable. It would not be surprising if laparoscopic
appendectomy becomes the most popular treatment for appendicitis in the
future.

Curr Probl Surg, October 2005 735



W

e el e

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

736

REFERENCES

Deaver JB. Appendicitis. 3rd ed. Philadelphia: P Blakiston’s Son & Co; 1905.
McMurrich JP. Leonardo DaVinci the Anatomist. Baltimore: Williams & Wilkins;
1930.

Vesalius A. De Humani Corporis Fabrica Liber V. Basel: Iohannis Oporini; 1543.
Major RH. Classic Descriptions of Disease. 3rd ed. Springfield, IL: Charles C.
Thomas; 1945.

Seal A. Appendicitis: a historical review. Can J Surg 1981;24:427-33.

Cope Z. A History of the Acute Abdomen. London: Oxford University Press; 1965.
DeMoulin D. Historical notes on appendicitis. Arch Chir Neerl 1975;27:97-102.
Meade RH. The evolution of surgery for appendicitis. Surgery 1964;55:741-52.
Bright R, Addison T. Elements of the Practice of Medicine. London: Longmans,
Green & Co, Inc; 1839.

Shepherd JA. Acute appendicitis: a historical survey. Lancet 1954;2:299-302.
Lister J. The Collected Papers of Joseph, Baron Lister. Oxford: Clarendon Press;
Special Edition, Birmingham: The Classics of Medicine Library; 1979.

Williams GR. Presidential Address: A History of Appendicitis. Ann Surg
1983;197:495-506.

Fitz RH. Perforating inflammation of the vermiform appendix: with special
reference to its early diagnosis and treatment. Am J Med Sci 1886;92:321-46.
Brooks SM. McBurney’s Point: The Story of Appendicitis. New York: AS Barnes
& Co; 1969.

Klingensmith W. Establishment of appendicitis as a surgical entity. Tex State
J Med 1959;55:878-82.

McBurney C. Experience with early operative interference in cases of disease of the
vermiform appendix. NY Med J 1889;50:676-84.

McBurney C. The incision made in the abdominal wall in cases of appendicitis,
with a description of a new method of operation. Ann Surg 1894;20:38-43.
Bernays AC, Heidelberg MD. My recent work in appendicectomy. Med Rec
1898;53:478-82.

Murphy JB. Two thousand operations for appendicitis, with deductions from his
personal experience. Am J Med Sci 1904;128:187-211.

Ellis H. The Appendiceal Abscess of Edward VII. In: Edwards J, Holland B,
editors. Famous Operations. Media, PA: Harwal Publishing Co; 1984, pp 109-16.
Schwartz S and Ellis H. Appendix. In: Schwartz S and Ellis H, editors. Norwalk,
Connecticut: Maingot’s Abdominal Operations. 9th ed. Norwalk, CT: Appleton &
Lange; 1990, pp 953-77.

Sinanan M. Acute Abdomen and Appendix. In: Greenfield LJ, Mulholland MW,
Oldham KT, Zelenock GB, editors. Surgery: Scientific Principles and Practice.
Philadelphia: JB Lippincott; 1993, pp 1120-42.

Schumpelick V, Dreuw B, Ophoft K, Prescher A. Appendix and Cecum. Surg Clin
North Am 2000;80:295-318.

Wakeley CP. The position of the vermiform appendix as ascertained by an analysis
of 10,000 cases. J Anat 1933;67:277-83.

Williamson WA, Bush RD, Williams LF Jr. Retrocecal appendicitis. Am J Surg
1981;141:507-9.

Sabiston DC. Appendicitis. In: Sabiston DC, Lyerly HK, editors. Textbook of

Curr Probl Surg, October 2005



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.

Surgery: The Biological Basis of Modern Surgical Practice. 15th ed. Philadelphia:
WB Saunders; 1997, pp 964-70.

Robinson JO. Congenital absence of vermiform appendix. Br J Surg 1952;39:
344-5.

Khanna AK. Appendix vermiformis duplex. Postgrad Med J 1983;59:69-70.
Wallbridge PH. Double appendix. Br J Surg 1962;50:346-7.

Tinckler LF. Triple appendix vermiformis—a unique case. Br J Surg 1968;55:
79-81.

Blewett JC, Krummel TM. Perforated appendicitis: past and future controversies.
Semin Pediatr Surg 1995;4:234-8.

Addiss DG, Shaffer N, Fowler BS, Tauxe RV. The Epidemiology of appendicitis
and appendectomy in the United States. Am J Epidemiol 1990;135:910-25.
Graffeo CS, Counselman FL. Appendicitis. Emerg Med Clin North Am
1996;14:653-71.

Luckman R. Incidence and case fatality rates for acute appendicitis in California.
Am J Epidemiol 1989;129:905-18.

Berry J Jr., Malt RA. Appendicitis near its centenary. Ann Surg 1984;200:567-75.
Pieper R, Kager L, Nasman P. Acute appendicitis: a clinical study of 1018 cases of
emergency appendectomy. Acta Chir Scand 1982;48:51-62.

Ricci MA, Trevisani MF, Beck WC. Acute appendicitis: a 5-year review. Am Surg
1991;57:301-5.

Siberman VA. Appendectomy in a large metropolitan hospital: retrospective review
of 1013 cases. Am J Surg 1981;142:615-8.

Primatesta P, Goldacre MJ. Appendicectomy for acute appendicitis and for other
conditions: an epidemiological study. Int J Epidemiol 1994;23:155-60.
Peltokallio P, Tykka H. Evolution of the age distribution and mortality of acute
appendicitis. Arch Surg 1981;116:153-6.

Barker DJ, Morris J, Nelson M. Vegetable consumption and acute appendicitis in
59 areas in England and Wales. BMJ 1986;292:927-30.

Lichtner S, Pflanz M. Appendectomy in the Federal Republic of Germany:
epidemiology and medical care patterns. Med Care 1971;9:311-30.

Basta M, Morton NE, Mulvihill JJ, Radovanovic Z, Radojicic C, Marinkovic D.
Inheritance of acute appendicitis: Familial aggregation and evidence of polygenic
transmission. Am J Hum Genet 1990;46:377-82.

Burkitt DP. The aetiology of appendicitis. Br J Surg 1971;58:695-9.

Walker ARP, Walker BF. Appendectomy in South African interethnic school
pupils. Am J Gastroenterol 1987;82:219-22.

Koepsell TD. In search of the causes of appendicitis. Epidemiology 1991;2:319-21.
Brender JD, Marcuse EK, Weiss NS, Koepsell TD. Is childhood appendicitis
familial? Am J Dis Child 1985;139:338-40.

Barker DJP. Acute appendicitis and dietary fibre: an alternative hypothesis. BMJ
1985;290:1125-7.

Wangensteen OH, Dennis C. Experimental proof of the obstructive origin of
appendicitis in man. Ann Surg 1939;110:629-47.

Cohn I, Atik M. Strangulation obstruction: closed loop studies. Ann Surg
1961;153:94-102.

Boley SJ, Agrawal GP, Warren AR, Veith FJ, Levowitz BS, Treiber W, et al.

Curr Probl Surg, October 2005 737



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

738

Pathophysiologic effects of bowel distention on intestinal blood flow. Am J Surg
1969;117:228-34.

Bennion RS, Wilson SE, Serota Al, Williams RA. The role of gastrointestinal
microflora in the pathogenesis of complications of mesenteric ischemia. Rev Infect
Dis 1984;6:132-8.

Bennion RS, Thompson JE Jr., Baron EJ, Finegold SM. Gangrenous and perforated
appendicitis with peritonitis: treatment and bacteriology. Clin Ther 1990;12 Suppl
C:31-44.

Dayal Y, DeLellis RA. Appendix. In: Contran RS, Kumar V, Robbins SL editors.
Robbins Pathologic Basis of Disease. 4th ed. Philadelphia: Saunders; 1989, pp
902-4.

Lewis FR, Holcroft JW, Boey J, Dunphy JE. Appendicitis: a critical review of
diagnosis and treatment in 1,000 cases. Arch Surg 1975;110:677-84.

Bennion RS, Thompson JE Jr. Appendicitis. In: Donald E. Fry, editor. Surgical
Infections. Boston: Little, Brown; 1995, pp 241-50.

Kelly AOJ. The pathogenesis of appendicitis. Phil Med J 1899;21:119-37.
Meleney FL, Harvey HD, Jern HZ. Peritonitis I. The correlation of the bacteriology
of the peritoneal exudate and the clinical course of the disease in 106 cases of
peritonitis. Arch Surg 1931;22:1-6.

Weinberg M, Prevot AR, Davesue J, Renard C. Recherches sur la bacteriologie et
la serotherapie des appendicitis aigues. Ann Inst Pasteur 1928;42:1167-241.
Altemeier WA. The bacterial flora of scute perforated appendicitis with peritonitis.
A bacteriological study based upon one hundred cases. Ann Surg 1938;107:517-28.
Meleney FL, Olpp J, Harvey HD, Zaysteff-Jern H. Peritonitis II. Synergism of the
bacterial commonly found in peritoneal exudate. Arch Surg 1932;25:709-21.
Bennion RS, Thompson JE Jr. Early appendectomy for perforated appendicitis in
children should not be abandoned. Surg Gynecol Obstet 1987;165:95-100.

Berne TV, Yellin AE, Appleman MD, Heseltine PN. Antibiotic management of
surgically treated gangrenous or perforated appendicitis. Am J Surg 1982;144:8-13.
Berne TV, Yellin AE, Appleman MD, Gill MA, Chenella FC, Heseltine PN.
Surgically treated gangrenous or perforated appendicitis. Ann Surg 1987;205:
133-7.

Brook I. Bacterial studies of peritoneal cavity and post-operative surgical wound
drainage following perforated appendix in children. Ann Surg 1980;192:208-12.
David IB, Buck JR, Filler RM. Rational use of antibiotics for perforated appendi-
citis in childhood. J Pediatr Surg 1982;17:494-500.

Elhag KM, Alwan MH, Al-Admani MS, et al. Bacteroides fragilis is a silent
pathogen in acute appendicitis. ] Med Microbiol 1986;21:245-9.

Jakobsen J, Andersen JC, Llausen IC. Beta-hemolytic streptococci in acute
appendicitis. An ominous finding? Acta Chir Scand 1988;154:301-3.

King DR, Browne AF, Birken GA, Hilty MD, Kerzner B, Boles ET. Antibiotic
management of complicated appendicitis. J Pediatr Surg 1983;18:945-50.

Pieper R, Kager L, Weintraub A, Lindberg AA, Nord CE. The role of Bacteroides
fragilis in the pathogenesis of acute appendicitis. Acta Chir Scand 1982;148:39-44.
Bennion RS, Baron EJ, Thompson JE Jr., Downes J, Summanen P, Talan DA, et al.
The bacteriology of gangrenous and perforated appendicitis-revisited. Ann Surg
1990;211:165-71.

Baron EJ, Bennion RS, Thompson JE Jr, Strong C, Summanen P, McTeague M. A

Curr Probl Surg, October 2005



73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

microbiological comparison between acute and complicated appendicitis. Clin
Infect Dis 1992;14:227-31.

Finegold SM, Sutter VL, Mathison GE. Normal Indigenous Intestinal Flora. In:
Hentges DJ, editor. Human Intestinal Microflora in Health and Disease. New York:
Academic; 1983, pp 355-446.

Phillips RL, Bartholomew LA, Dovey SM, Fryer GE, Miyoshi TJ, Green LA.
Learning from malpractice claims about negligent, adverse events in primary care
in the United States. Quality Safety Health Care 2004;13:121-6.

Silen W. Cope’s Early Diagnosis of the Acute Abdomen. 16th ed. New York:
Oxford University Press; 1983.

Wagner JM, McKinney WP, Carpenter JL. Does this patient have appendicitis?
JAMA 1996;276:1589-94.

Cardall T, Glasser J, Guss DA. Clinical value of the total white blood cell count and
termperature in the evaluation of patients with suspected appendicitis. Acad Emerg
Med 2004;11:1021-7.

Faxon HH, Rogers H. A statistical study of the six hundred and seventy-one cases
of appendiceal peritonitis. N Engl J Med 1942;226:745-53.

Jackson RH. Parents, family doctors and acute appendicitis in childhood. BMJ
1963;2:277-81.

Old JL, Dusing RW, Yap W, Dirks J. Imaging for suspected appendicitis. Am Fam
Physician 2005;71:71-8.

Rao PM, Rhea JT, Rao JA, Conn AK. Plain abdominal radiography in clinically
suspected appendicitis: diagnostic yield, resource use, and comparison with CT.
Am J Emerg Med 1999;17:325-8.

Boleslawski E, Panis Y, Benoist S, Denet C, Mariani P, Valleur P. Plain abdominal
radiography as a routine procedure for acute abdominal pain of the right lower
quadrant: prospective evaluation. World J Surg 1999;23:262-4.

el Ferzli G, Ozuner G, Davidson PG, Isenberg JS, Redmond P, Worth MH Jr.
Barium enema in the diagnosis of acute appendicitis. Surg Gynecol Obstet
1990;171:40-2.

Deutsch A, Leopold GR. Ultrasonic demonstration of the inflamed appendix: case
report. Radiology 1981;140:163-4.

Adams DH, Fine C, Brooks DC. High-resolution real-time ultrasonography. A new
tool in the diagnosis of acute appendicitis. Am J Surg 1988;155:93-7.

Rao PM, Boland GW. Imaging of acute right lower abdominal quadrant pain. Clin
Radiol 1998;53:639-49.

Wilson EB, Cole JC, Nipper ML, Cooney DR, Smith RW. Computed tomography
and ultrasonography in the diagnosis of appendicitis: when are they indicated? Arch
Surg 2001;136:670-5.

Birnbaum BA, Wilson SR. Appendicitis at the millennium. Radiology
2000;215:337-48.

Rettenbacher T, Hollerweger A, Macheiner P, Rettenbacher L, Tomaselli F,
Schneider B, et al. Outer diameter of the vermiform appendix as a sign of acute
appendicitis: evaluation at US. Radiology 2001;218:757-62.

Rettenbacher T, Hollerweger A, Macheiner P, Gritzman N. Sonography of the noral
vermiform appendix. Ultraschall Med 1997;18:139-42.

Rettenbacher T, Hollerweger A, Macheiner P, Rettenbacher L, Frass R, Schneider

Curr Probl Surg, October 2005 739



92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

740

B, et al. Presence or absence of gas in the appendix: additional criteria to rule out
or confirm acute appendicitis—evaluation with US. Radiology 2000;214:183-7.
Horton MD, Counter SF, Florence MG, Hart MJ. A prospective trial of computed
tomography and ultrasonography for diagnosing appendicitis in the atypical patient.
Am J Surg 2000;179:379-81.

Albiston E. The role of radiological imaging in the diagnosis of acute appendicitis.
Can J Gastroenterol 2002;16:451-63.

Fefferman NR, Roche KJ, Pinkney LP, Ambrosino MM, Genieser NB. Suspected
appendicitis in children: focused CT technique for evaluation. Radiology
2001;220:691-5.

Lane MJ, Liu DM, Huynh MD, Jeffrey RB Jr, Mindelzun RE, Katz DS. Suspected
acute appendicitis: nonenhanced helical CT in 300 consecutive patients. Radiology
1999;213:341-6.

Rao PM, Rhea JT, Novelline RA. Sensitivity and specificity of the individual CT
signs of appendicitis: experience with 200 helical appendiceal CT examinations.
J Comput Assist Tomogr 1997;21:686-92.

Choi D, Lim HK, Lee WJ, Kim SH, Kim YH, Kim SH, et al. The most useful
findings for diagnosing acute appendicitis on contrast-enhanced helical CT. Acta
Radiol 2003;44:574-82.

Hansen AJ, Young SW, De Petris G, Tessier DJ, Hernandez JL, Johnson DJ.
Histologic severity of appendicitis can be predicted by computed tomography. Arch
Surg 2004;139:1304-8.

Lowe LH, Penney MW, Stein SM, Heller RM, Neblett WW, Shyr Y, et al.
Unenhanced limited CT of the abdomen in the diagnosis of appendicitis in children:
comparison with sonography. AJR Am J Roentgenol 2001;176:31-5.

Jacobs JE, Birnbaum BA, Macari M, Megibow AlJ, Israel G, Maki DD, et al. Acute
appendicitis: comparison of helical CT diagnosis focused technique with oral
contrast material versus nonfocused technique with oral and intravenous contrast
material. Radiology 2001;220:683-90.

Rao PM, Rhea JT, Novelline RA, Mostafavi AA, Lawrason JN, McCabe CJ.
Helical CT combined with contrast material administered only through the colon
for imaging of suspected appendicitis. AJR Am J Roentgenol 1997;169:1275-80.
Wijetunga R, Tan BS, Rouse JC, Bigg-Wither GW, Doust BD. Diagnostic accuracy
of focused appendiceal CT in clinically equivocal cases of acute appendicitis.
Radiology 2001;221:747-53.

Walker S, Haun W, Clark J, McMillin K, Zeren F, Gilliland T. The value of limited
computed tomography with rectal contrast in the diagnosis of acute appendicitis.
Am J Surg 2000;180:450-4; discussion 454-5.

Rao P, Rhea JT, Rattner DW, Wenus LG, Novelline RA. Introduction of
appendiceal CT: impact on negative appendectomy and appendiceal perforation
rates. Ann Surg 1999;229:344-9.

Ujiki MB, Murayama KM, Cribbins AJ, Angelos P, Dawes L, Prystowsky JB, et al.
CT scan in the management of acute appendicitis. J Surg Res 2002;105:119-22.
Partrick DA, Janik JE, Janik JS, Bensard DD, Karrer FM. Increased CT scan
utilization does not improve the diagnositc accuracy of appendicitis in children.
J Pediatr Surg 2003;38:659-62.

Bendeck SE, Nino-Murcia M, Berry GJ, Jeffrey RB Jr. Imaging for suspected

Curr Probl Surg, October 2005



108.

109.

110.

111.
112.
113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

appendicityis: negative appendectomy and perforation rates. Radiology
2002;225:131-6.

Flum DR, Morris A, Koepsell T, Dellinger EP. Has misdiagnosis of appendicitis
decreased over time? A population-based analysis. JAMA 2001;286:1748-53.
Incesu L, Coskun A, Selcuk MB, Akan H, Sozubir S, Bernay F. Acute appendicitis:
MR imaging and sonographic correlation. AJR Am J Roentgenol 1997;168:669-74.
Andersen BR, Kallehave FL, Andersen HK. Antibiotics versus placebo for
prevention of postoperative infection after appendicectomy. Cochrane Database
Syst Rev 2004;4:1-64.

Engstrom L, Fenyo G. Appendectomy: assessment of stump invagination versus
simple ligation—a prospective randomized study. Br J Surg 1985;72:791-2.

Van Sonnenberg E, Wittich GR, Casola G, Neff CC, Hoyt DB, Polansky AD, et al.
Periappendiceal abscesses: percutaneous drainage. Radiology 1987;163:23-6.
Semm K. Endoscopic appendectomy. Endoscopy 1983;15:59-64.

Long KH, Bannon MP, Zietlow SP, Helgeson ER, Harmsen WS, Smith CD, et al.
A prospective randomized comparison of laparoscopic appendectomy with open
appendectomy: clinical and economic analyses. Surgery 2001;129:390-400.
Laparoscopic Appendectomy Study Group. Ortega AE, Hunter JG, Peters JH,
Swanstrom LL, Schirmer B, A prospective, randomized comparison of laparo-
scopic appendectomy with open appendectomy. Laparoscopic Appendectomy
Study Group. Am J Surg 1995;169:208-12.

Minne L, Varner D, Burnell A, Ratzer E, Clark J, Haun W. Laparoscopic vs open
appendectomy. Prospective randomized study of outcomes. Arch Surg
1997;132:708-11.

Macarulla E, Vallet J, Abad JM, Hussein H, Fernandez E, Nieto B. Laparoscopic
versus open appendectomy: a prospective randomized trial. Surg Laparosc Endosc
1997;7:335-9.

Ozmen MM, Zulfikaroglu B, Tanik A, Kale IT. Laparoscopic versus open
appendectomy: prospective randomized trial. Surg Laparosc Endosc Percutan Tech
1999;9:187-9.

Reiertsen O, Larsen S, Trondsen E, Edwin B, Faerden AE, Rosseland AR.
Randomized control trial with sequential design of laparoscopic versus conven-
tional appendicectomy. Br J Surg 1997;84:842-7.

Pedersen AG, Petersen OB, Wara P, Rgnning H, Qvist N, Laurberg S. Randomized
clinical trial of laparoscopic versus open appendicectomy. Br J Surg
2001;88:200-5.

Hellberg A, Rudberg C, Kullman E, Enochsson L, Feny6 G, Graffner H, et al.
Prospective randomized multicentre study of laparoscopic versus open appendicec-
tomy. Br J Surg 1999;86:48-53.

Heikkinen TJ, Haukipuro K, Hulkko A. Cost-effective appendectomy. Open or
laparoscopic? A prospective randomized study. Surg Endosc 1998;12:1204-8.
Klingler A, Henle KP, Beller S, Rechner J, Zerz A, Wetscher G, et al. Laparoscopic
appendectomy does not change the incidence of postoperative infectious compli-
cations. Am J Surg 1998;175:232-5.

Chung RS, Rowland DY, Li P, Diaz J. A meta-analysis of randomized controlled
trials of laparoscopic versus conventional appendectomy. Am J Surg 1999;177:
250-3.

Garbutt JM, Soper NJ, Shannon WD, Botero A, Littenberg B. Meta-analysis of

Curr Probl Surg, October 2005 741



126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

742

randomized controlled trials comparing laparoscopic and open appendectomy. Surg
Laparosc Endosc 1999;9:17-26.

Golub R, Siddiqui F, Pohl D. Laparoscopic versus open appendectomy: a
meta-analysis. ] Am Coll Surg 1998;186:543-53.

Temple LK, Litwin DE, McLeod RS. A meta-analysis of laparoscopic versus open
appendectomy in patients suspected of having acute appendicitis. Can J Surg
1999:42:377-83.

Nguyen NT, Zainabadi K, Mavandadi S, Paya M, Stevens CM, Root J, et al. Trends
in utilization and outcomes of laparoscopic versus open appendectomy. Am J Surg
2004;188:813-20.

Guller U, Hervey S, Purves H, Muhlbaier LH, Peterson ED, Eubanks S, et al.
Laparoscopic versus open appendectomy: outcomes comparison based on a large
administrative database. Ann Surg 2004;239:43-52.

Adrales GL, Park AE. Laparoscopic Appendectomy. In: Soper NJ, Swanstrom LL,
Eubanks WS, editors. Mastery of Endoscopic and Laparoscopic Surgery. 2nd ed.
New York: Lippincott Williams & Willkins; 2005, pp 429-35.

Waullstein C, Barkhausen S, Gross E. Results of laparoscopic vs conventional
appendectomy in complicated appendicitis. Dis Colon Rectum 2001;44:1700-5.
Ball CG, Kortbeek JB, Kirkpatrick AW, Mitchell P. Laparoscopic appendectomy
for complicated appendicitis. Surg Endosc 2004;18:969-73.

Piskun G, Kozik D, Rajpal S, Shaftan G, Fogler R. Comparison of laparoscopic,
open, and converted appendectomy for perforated appendicitis. Surg Endosc
2001;15:660-2.

So JBY, Chiong EC, Chiong E, Cheah, W-K, Lomanto D, Goh P, et al.
Laparoscopic appendectomy for perforated appendicitis. World J Surg 2002;26:
1485-8.

Margenthaler JA, Longo WE, Virgo KS, Johnson FE, Oprian CA, Henderson WG,
et al. Risk factors for adverse outcomes after the surgical treatment of appendicitis
in adults. Ann Surg 2003;238:59-66.

Curr Probl Surg, October 2005



	Appendicitis
	Appendicitis
	Anatomy
	Epidemiology
	Etiology
	Pathophysiology
	Bacteriology
	Clinical Presentation
	Acute Nonperforated Appendicitis
	Appendicitis with Perforation
	Periappendiceal Abscess
	Recurrent and Chronic Appendicitis
	Atypical Presentations

	Differential Diagnosis
	Diagnostic Imaging
	Plain Radiography
	Barium Enema
	Ultrasonography
	Computed Tomography (CT)
	Radioisotope and Magnetic Resonance Imaging (MRI)
	Imaging Summary

	Antibiotic Therapy
	Surgical Management
	Open Appendectomy
	Drainage of Periappendiceal Abscess

	Laparoscopic Appendectomy
	Indications
	Contraindications
	Operative Technique for Laparoscopic Appendectomy
	Results of Laparoscopic Appendectomy

	Surgical Audit and Outcomes
	Summary
	REFERENCES


