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Preface

The appendix is considered as a vestigial organ, with no known physiological
role, that has been accepted as the origin of a potentially life threatening but
easily treatable inflammatory disease of the right lower quadrant of the abdo-
men only at the end of the nineteenth century. Appendectomy for acute
appendicitis is since then still the most frequently performed emergency surgical
procedure. Despite the fact that this surgical procedure is so frequently and
easily performed, its indication was, till recently, the result of equilibrium
between the negative appendectomy rate and the appendiceal perforation rate.
It has been advocated that imaging could play an important role in ruling out
acute appendicitis, preventing negative appendectomy and in confirming acute
appendicitis. Nevertheless, even if various diagnostic imaging techniques,
especially ultrasonography (US) and computed tomography (CT), are widely
available and diagnostic features very well known in each technique, the impact
of medical imaging on the clinical work-up of patients suspected of acute
appendicitis remains a matter of debate. In addition, among the radiology
community, there are still debates addressing the questions of the most
appropriate technique (US vs. CT), in men or in women, in children or in
adults, with or without intravenous contrast injection, at standard or at low
radiation dose. In addition, the possible impact of imaging on cost-effective care
has to be taken into account. Selected on the only basis of their scientific
contributions in the field and on the impact of these contributions, recognized
international experts have accepted to address all these issues in this handbook.
This book, entirely dedicated to the appendix and acute appendicitis in adults
and children, sets out to be a guide for radiologists, emergency physicians, and
surgeons, beginners as well as experienced ones. We want to express our sincere
gratitude to all renowned radiologists, emergency physicians, and surgeons who
have contributed to this book with great enthusiasm and support.

Brussels, Belgium Caroline Keyzer
Pierre Alain Gevenois
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Abstract

This introduction presents the history of the
recognition of the appendix as the organ respon-
sible for a disease with a high mortality rate in the
previous century and called acute appendicitis.
This history reveals examples of resistance to
changing concepts and brilliant early observations
that were not easily accepted in the medical
community. The anatomy of the appendix is
nowadays well known but its function remains
unclear. Acute appendicitis is the most common
cause of acute abdominal pain that requires surgery
but, for a disease that is prevalent and apparently
simple, there is currently little that is well estab-
lished on its etiology.

1 Historical Background

Acute appendicitis is a very common acute abdominal
disease but it took several centuries to understand its
pathogenesis. Berengario da Capri first described the
vermiform appendix in humans in 1521 but it was
illustrated in 1492 by Leonardo da Vinci in his ana-
tomic drawings that were not published before the 18th
century (Prystowsky et al. 2005; Williams 1983)
(Fig. 1). Despite these early description and drawings,
the role of the appendix in acute inflammatory diseases
of the right iliac fossa—that could even lead to death—
was only recognized and accepted by the surgical lobby
in the late 19th century. Till then, it was indeed con-
sidered that the disease we currently know as acute
appendicitis was one of the cecum, named typhlitis,
even if most of the pathologic description of typhlitis

C. Keyzer and P. A. Gevenois (eds.), Imaging of Acute Appendicitis in Adults and Children, 3
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Fig. 1 Annotated drawing of the appendix by Leonardo da
Vinci: “The appendix n, of the colon n m, is a part of the cecum
and is capable of contracting and dilating so that excessive
wind does not rupture the cecum” (from O’Malley and
Saunders 1983, Leonardo da Vinci on the human body, p.185)

reported that the appendix was inflamed and/or perfo-
rated. It was indeed believed that the communication
between the appendix and a neighboring abscess was a
secondary phenomenon and that the cecum should be
far more likely responsible of the disease than the
appendix itself, the appendix being only considered as a
vestigial organ (Williams 1983; McBurney 1891;
Carmichael 1985). The controversy between the
French physician Frangois Melier and the leading, and
known as arrogant, French surgeon Guillaume
Dupuytren in the early 19th century is a nice example of
resistance to changing concepts. Melier indeed sug-
gested to surgically remove the appendix as a treatment
for this acute right lower quadrant (RLQ) inflammatory
disease but he was openly criticized by Dupuytren who
considered that the appendix was not responsible for
any relevant disease, persisting to state that it began in
or around the cecum (Prystowsky et al. 2005; Williams
1983). Despite several descriptions of successful
treatment of acute appendicitis by early appendectomy,
the treatment for right lower quadrant inflammatory
disease in the late 19th century consisted of plasters,
cathartics, and opiates but the nonoperative mortality
was not lower than nearly 100% (Carmichael 1985).
In 1886, a paper by Reginald H. Fitz from Harvard
Medical School marked a turning point in the recog-
nition and treatment of acute appendicitis (Prystowsky
et al. 2005; McBurney 1891; Carmichael 1985). In this
paper, R.H. Fitz wrote that “in most fatal cases of
typhlitis the cecum is intact while the appendix is
ulcerated and perforated” and thus suggested the
appendix as the cause of most inflammatory diseases of
the RLQ (Prystowsky et al. 2005; Carmichael 1985;
Fitz 1886). He described the clinical features of

appendicitis—a term that he coined—and most
importantly, he advocated prompt surgical laparotomy
and appendectomy in case of early recognition of acute
appendicitis. If appendectomy could not be done within
the first day after the onset of the symptoms, he rec-
ommended that “the resulting abscess, as a rule intra-
peritoneal, should be incised as soon as it becomes
evident” (Carmichael 1985; Fitz 1886). After the death
of R.H. Fitz, the Dean of Harvard Medical School, in
reference to Fitz’s accomplishments, claimed, “Many
have sought truth, but it is rare to have found and taught
it is so clearly that the lives of thousand and thousands
were saved thereby” (Carmichael 1985).

A few years after the paper by R.H. Fitz, Charles
McBurney of New York described the symptoms and
clinical signs of acute appendicitis, including the
elective point of tenderness that bears his name, and
he also suggested early surgical intervention
(McBurney 1891). In 1894, McBurney described
the lateral muscle splitting for appendectomy, the
so-called McBurney incision (McBurney 1894).
Nowadays appendectomy is the most frequent urgent
surgical intervention performed in the Western World
with about 300,000 procedures/year in the United
States (De Frances et al. 2006).

2 Anatomy and Function

The embryological developments of the cecum and
appendix are closely related to that of the midgut. The
cecum is the result of a bulging of the caudal limb of
the primary intestinal loop. This bulging is divided
into two parts with different growth rates. The distal
part will fail to grow in thickness and will be narrower
than the proximal part. This distal long and narrow
part, looking like a worm, will become the “vermi-
form appendix” (Balthazar 2000; Prenant 1912). The
appendix starts first at the apex of the cecum but with
the asymmetrical growth of the cecal bud, the root of
the appendix will be deported to the medial aspect of
the cecum, below the ileo-cecal valve. There are huge
variations in the course of the appendix against the
cecum and the terminal ileum: it can run along all the
aspects of the cecum and the tip of the appendix can
lie in the pelvis or extend across the abdominal cavity
in the left lower (and even upper) quadrant (Ahmed
et al. 2007; Wagner et al. 1996). There is also a great
variation in length of the appendix ranging from 2 to
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Fig. 2 a,b, c Normal appendix located in a right inguinal hernia
(arrow) seen on axial (a), coronal (b), and sagittal CT images (c)

25 cm with an average of 9 cm (Ahmed et al. 2007;
Wakeley and Childs 1950; Williams 1994). These
anatomical variations, illustrated in Figs. 2, 3, 4, 5,
are responsible for the wide variability of symptoms
observed when the appendix is inflamed.
Duplication of the appendix may occur but it is quite
rare. Duplication is of three types: 1) Type A consists of
partial duplication on a normally localized appendix
with a single cecum; 2) Type B consists of a single
cecum with two separate appendices; and 3) Type C
consists of a duplicated cecum each with its own
appendix (Peddu and Sidhu 2004; Wallbridge 1962).
In humans, the role of the appendix is not defi-
nitely established (Dasso et al. 2000; Fisher 2000). As
the appendix contains abundant lymphoid tissue and
is close to the entrance of the colon—thereby exposed
to large amounts of antigens—it could play an
immune role. In rabbits, the appendix contains 50% of
Gut Associated Lymphoid Tissue (GALT) but the
proportion of GALT in the human appendix is
unknown (Dasso et al. 2000). Moreover, neonatal
appendectomy in rabbits reduces the antibody
response and the repertoire diversity. However, even
if the appendix of adult humans and rabbits are sim-
ilar in many respects, they differ in amount of lym-
phoid tissue, follicular structure, and developmental
distribution of T-cells (Dasso et al. 2000). It could
thus be not appropriate to compare humans and rab-
bits in terms of the immune role of their appendix.
Such an immune role has also been suggested by
epidemiological studies that showed that individuals
who had an appendectomy for appendicitis are at
lower risk for ulcerative colitis than those who had no
appendectomy (Andersson et al. 2001). In the same
line, a mouse model of ulcerative colitis has sug-
gested that appendectomy could prevent colonic
inflammation by reducing the production of antibod-
ies against the cytoskeletal protein tropomyosin
expressed on colonocytes (Colombel et al. 2008).

3 Etiology and Epidemiology

With a lifetime risk ranging from 6 to 9%, acute
appendicitis is the most frequent acute non traumatic
abdominal disease requiring surgery (Addiss et al.
1990). The annual incidence of acute appendicitis
ranges from 90 to 140 per 100,000 individuals
depending on studies (Korner et al. 1997; Livingston
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Fig. 3 a, b, ¢ Normal appendix located in the subhepatic space, close to the gallbladder (arrow) seen on axial (a), coronal (b), and

sagittal oblique CT reformations (c)

Fig. 4 a, b, ¢ Centro-abdominal normal appendix (arrow), containing an appendicolith (arrowhead), located in the medio-sagittal
plane and anterior to the aortic bifurcation, seen on axial (a), coronal (b), and sagittal CT reformations (c)

et al. 2007). The mean age of patients ranges from 20
to 30 years, the maximum incidence is observed
between 10 and 20 year-old (Addiss et al. 1990; Flum
et al. 2001), men are more risk at than women (ratio:
1.4/1), as white than non-white people (ratio: 1.5/1),
acute appendicitis occurs more frequently in summer
than in winter (Addiss et al. 1990; Alvarado 1986),
and acute appendicitis progresses to perforation more
frequently in children and elderly patients (Wagner
et al. 1996; Addiss et al. 1990; Korner et al. 1997;
Hale et al. 1997).

The non-perforated acute appendicitis rate fell from
the early 1970s to a nadir in 1995, after which it began
rising for both women and men. On the other hand, in
both women and men, the perforation rate increased
slightly with time, and the negative appendectomy rate
remained low and constant (Livingston et al. 2007). The

perforated and non-perforated acute appendicitis have
thus followed different epidemiologic trends suggesting
different pathophysiologies (Livingston et al. 2007)
as supported by studies discussed in “Appendicitis
Perforation Rates and Time Interval between Symptom
Onset and Surgery” by T.S. Menes and N. Bickell.
While acute appendicitis is a prevalent and appar-
ently simple disease, its etiology is not well known
(Prystowsky et al. 2005). It is usually believed that
acute appendicitis is caused by the obstruction of the
appendiceal lumen. This belief originates from animal
and even human studies investigating the effect of
appendiceal ligature of the normal appendix leading to
an inflammatory response in the appendix a few hours
after its ligature, but not in all cases (Prystowsky et al.
2005; Dachman et al. 1987; Wangensteen and Dennis
1939). There are indeed various causes of acute
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Fig. 5 Normal appendix (arrow) and cecum (arrowhead)
located in the left upper abdominal quadrant on a coronal CT
reformation

appendicitis that all lead to bacterial invasion of the
appendicular wall secondary to mucosal ulceration
(Prystowsky et al. 2005; Carr 2000). Acute appendicitis
usually (or always) results from injury of its mucosa
and spread from that injury through its wall (Carr 2000;
Butler 1981). The mucosal ulceration occurs early in
the evolution of the disease and could be induced by
viral infection followed by bacterial invasion. This idea
could be supported by the observation of endemic
clustering of acute appendicitis (Carr 2000).
Demonstrable obstruction, by fecalith or by lym-
phoid hyperplasia, is frequently absent in acute appen-
dicitis (Butler 1981). Conversely, obstruction does not
necessarily produce acute appendicitis (Hale et al. 1997;
Wangensteen and Dennis 1939; Butler 1981) and
appendicolith—incidentally discovered in 27% of the
autopsies (Andreou et al. 1990)—seems to play no role
in the initiation of the disease but only in potentiating
the increase in pressure within the appendiceal lumen,
facilitating necrosis and further perforation, appendi-
coliths being indeed often found in association with
gangrenous appendicitis (Wakeley and Childs 1950;
Hale et al. 1997; Jones et al. 1985). The role of
obstruction in the pathogenesis of acute appendicitis has
also been studied by measuring perioperatively the

pressure within the appendiceal lumen (Arnbjornsson
and Bengmark 1984). This pressure is not elevated in
approximately 70% of patients with phlegmonous
appendicitis suggesting that obstruction is not a causa-
tive agent of acute appendicitis but might develop as a
result of the inflammatory process (Arnbjornsson and
Bengmark 1984).

Diet could also play a role in the occurrence of
acute appendicitis. Is has been inferred that low fiber
diet leads to fecalith formation which in turn predis-
poses to acute appendicitis (Jones et al. 1985),
explaining the higher incidence of acute appendicitis
in Western countries than in developing countries.
This hypothesis is, however, not supported by epi-
demiological studies that showed that in urban South
Africans who have even a lower fiber intake than
Caucasian people, the incidence of acute appendicitis
remains lower than that in Caucasians (Carr 2000;
Walker and Segal 1995).

Hygienic, genetic, and environmental features
could also be components of the susceptibility to
acute appendicitis but they are difficult to separate
from each other and from dietary influences (Carr
2000; Andersson et al. 1979; Basta et al. 1990;
Papadopoulos et al. 2008; Williams et al. 1998).
Finally, ischemia by lack of blood supply, and
impaction of foreign bodies within the appendix (i.e.,
lead shot from wild game), although unusual, can
cause acute appendicitis (Carr 2000).

The most frequent pathogens involved in acute
appendicitis are the aerobe Escherichia Coli and the
anaerobe Bacteroides fragilis. Aerobic infection is
common in early acute appendicitis while mixed
aerobic and anaerobic infection is predominant in late
acute appendicitis (Lau et al. 1984).

Last but not least, a new etiology of pain from
appendiceal origin has also been recently been sug-
gested also: the so-called “neuroimmune appendicitis”.
This entity is based on the observation of neuroprolif-
eration in the appendix in association with an increase in
neurotransmitters substance P and vasoactive intestinal
peptide in patients with acute right acute abdominal pain
suggestive of acute appendicitis but with a histologi-
cally normal appendix (Bouchard et al. 2001; Di
Sebastiano et al. 1999). This observation could explain
why the pain disappears after appendectomy in some
patients with acute right abdominal pain while their
appendix is histologically normal.
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4 Conclusion

Appendix and acute appendicitis are respectively, an
organ and a disease that are the subjects of numerous
publications, the number of which results from the
important controversies and unsolved questions related
to them. These controversies and questions address the
physiological role of the appendix, the etiology of acute
appendicitis, its histological definition, and its diag-
nosis—diagnosis by imaging will be extensively dis-
cussed in this book—as well as its treatment.
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Clinical Presentation of Acute
Appendicitis: Clinical Signs—Laboratory
Findings—Clinical Scores, Alvarado Score
and Derivate Scores
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Abstract
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population level (Flum et al. 2001). This chapter
aims to outline the presentation, investigation and
diagnosis of acute appendicitis.

1 Clinical Presentation

The clinical diagnosis of acute appendicitis relies
upon a detailed history and thorough physical exam-
ination. The differential diagnosis is that of the acute
abdomen as it can mimic the presentation of most
abdominal emergencies (Box 1).

1.1 History

The principal presenting complaint of patients with
acute appendicitis is abdominal pain. Murphy was the
first to describe the sequence of colicky central
abdominal pain followed by vomiting and migration of
the pain to the right iliac fossa (Murphy 1904). This
classical presentation is only seen in approximately
50% of patients. The history of pain is usually 24 h of
colicky peri-umbilical pain followed by migration of
the pain to the right iliac fossa with a progression to a
more constant severe pain (Wagner et al. 1996). This
progression results from the initial pain being referred
from the visceral innervation of the midgut followed by
more defined localization of the pain when the parietal
peritoneum is involved by the inflammatory process.
Associated symptoms include loss of appetite and
nausea but profuse vomiting is rarely a feature of
simple appendicitis and may well represent the devel-
opment of diffuse peritonitis following perforation.
Patients will often have a low grade fever. It is common
for patients to report no change in bowel habit but a
range of bowel habit disturbances may be associated
with the onset of pain. Cope reported that patients may
feel constipated and anticipate relief of pain with
defecation but this does not occur (Cope 2000).

The appendix can take a variety of anatomical
positions and as a result the clinical presentation is
influenced by the surrounding structures that become
involved in the inflammatory process (Box 2). Those at
the extremes of age often present a significant diag-
nostic challenge as they may present with atypical
signs and symptoms (Paulson et al. 2003). Infants may
appear listless whilst the elderly may present with

Box 1 Differential diagnosis of acute appendicitis
Surgical

Acute cholecystitis

Perforated peptic ulcer

Intestinal obstruction

Pancreatitis

Intussusception

Mesenteric adenitis

Meckel’s diverticulitis
Colonic/appendicular diverticulitis
Rectus sheath haematoma

Urological

Right ureteric colic

Urinary tract infection

Right pyelonephritis

Gynaecological

Ectopic pregnancy

Salpingitis/pelvic inflammatory disease
Ruptured ovarian follicle

Torted ovarian cyst

Medical

Pneumonia

Gastroenteritis

Diabetic ketoacidosis

Terminal ileitis

Porphyria

Preherpetic pain on the right 10th and 11th dorsal nerves

Box 2 Anatomical position of the appendix and possible
changes in clinical presentation

Retrocaecal/Retrocolic (75%)—Right loin pain is often
present with tenderness on examination. Muscular rigidity
and tenderness to deep palpation are often absent due to
protection from the overlying caecum. The psoas muscle may
be irritated in this position leading to hip flexion and
exacerbation of the pain on hip extension (psoas stretch sign).

Subcaecal and Pelvic appendix (20%)—Suprapubic pain and
urinary frequency may predominate. Diarrhoea may be
present due to irritation of the rectum. Abdominal tenderness
may be lacking but rectal or vaginal tenderness may be
present on the right. Microscopic haematuria and leucocytes
may be present on urinalysis.

Pre and Post-ileal (5%)—Signs and symptoms may be
lacking. Vomiting may be more prominent and diarrhoea due
to irritation of the distal ileum.
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confusion. A high index of suspicion is therefore
required to make the diagnosis in such cases.

A systematic review of the symptoms which are
associated with acute appendicitis has revealed that
two symptoms have a high positive likelihood ratio
(LR+) when present for diagnosing acute appendici-
tis; a history of right lower quadrant pain (LR += 8.0,
95% CI 7.3-8.5) and migration of initial periumbilical
pain to the right lower quadrant (LR += 3.1, 95% CI
2.4-4.2) (Wagner et al. 1996). A further systematic
review and meta-analysis of studies of patients
admitted to hospital with suspected appendicitis
concluded that individual elements of the history were
of weak predictive value in the diagnosis of acute
appendicitis. Pain migration was the best individual
predictor of acute appendicitis (LR + 2.1, 95% CI
1.6-2.6) (Andersson 2004). Anorexia, nausea and
vomiting were found in both reviews not to alter the
likelihood of acute appendicitis. The likelihood of
acute appendicitis also decreased with a history of
similar previous pain (LR —= 0.3, 95% CI 0.2-0.4)
and with the absence of right lower quadrant pain
(LR —= 0.2, 95% CI 0.0-0.3). A synthesis of infor-
mation based on clinical and laboratory findings was
reported as the most useful mechanism of diagnosing
acute appendicitis.

1.2 Examination

The patient presents with systemic features of an
inflammatory response. They usually have a low
grade fever (<38°C) with associated tachycardia, and
appear flushed and a fetor oris may be present. The
patient will often lie still as movement and coughing
exacerbate the pain. In children the hop test has been
advocated as a test to confirm appendicitis. The child
is asked to hop but refuses as this causes pain. On
abdominal palpation the maximal site of tenderness is
said to lie over McBurney’s point, which lies two-
thirds of a way along a line drawn from the umbilicus
to the anterior superior iliac spine (McBurney 1889).
The patient will be tender and may display signs of
peritoneal irritation with localized guarding and
muscular rigidity. Rebound tenderness should not be
elicited to avoid distressing the patient. The signs
found on clinical examination which are associated
with a high positive likelihood ratio are signs of
peritoneal irritation (rebound and percussion

tenderness, guarding and rigidity) (Andersson 2004)
these were confirmed in a further systematic review
which demonstrated a LR += 4.0 for the presence of
rigidity (Wagner et al. 1996).

Findings on rectal or vaginal examination may be
normal although pain on the right on rectal exami-
nation may indicate a pelvic appendix. A rectal
examination is part of a thorough assessment of the
patient with acute abdominal pain, however, the value
of rectal examination in the diagnosis of appendicitis
is debatable. In the presence of tenderness and
guarding in the right iliac fossa in a study of 1,204
patients admitted to hospital with right lower quadrant
pain little extra information was gained. The presence
of right sided pain on rectal examination was more
common in those with appendicitis (Odds Ratio
[OR] 1.3) but this gave little diagnostic information
(Dixon et al. 1991). These findings were confirmed in
a further study of 477 patients with acute appendicitis
and a systematic review and meta-analysis which
concluded that the opinion that rectal examination is
indispensible in the diagnosis of appendicitis cannot
be supported (Andersson 2004; Kremer et al. 1998).

It has been suggested that opiate analgesia should be
withheld from patients with suspected acute appendi-
citis as its administration masks clinical signs (Rusnak
and Borer JM 1994). Two small randomized controlled
studies in adult and paediatric cohorts have concluded
that analgesia does not alter the clinician’s ability to
accurately diagnose acute appendicitis, and therefore,
appropriate analgesia should be given to all patients on
admission (Attard et al. 1992; Green et al. 2005).

Further examination findings have been suggested
to aid in the diagnosis of appendicitis. Rovsing’s sign
is named after Danish surgeon Niels Rovsing and is
said to be present when palpation in the left iliac fossa
results in pain in the right iliac fossa (Wagner et al.
1996). The psoas muscle can be irritated by an
inflamed appendix and movement of the muscle can
result in pain. The patient may lie in the supine
position with the hip flexed. This can be tested by
asking the supine patient to lift the thigh whilst
applying pressure just above the knee or by extending
the right leg at the hip with the patient in the left
lateral decubitus position. Pain with either maneuver
confirms psoas irritation and is regarded as a positive
psoas sign (Wagner et al. 1996). Lastly the obturator
sign results from irritation of the obturator muscle.
This can be elicited by passively flexing the right hip
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and knee and internally rotating the leg at the hip
which stretches the obturator muscle and causes pain
in the right side of the abdomen (Wagner et al. 1996).

2 Laboratory Investigations

Specialist investigations are rarely needed to make the
diagnosis of appendicitis as the diagnosis is predom-
inantly clinical. The judicious use of simple bedside
tests and laboratory markers of inflammation can
provide additional evidence to support the diagnosis
of acute appendicitis and exclude important differ-
entials. The majority of patients presenting with
abdominal pain will have blood drawn for a full blood
count and urea and electrolyte analysis. Urine analysis
and microscopy can exclude urinary tract infection
but may be abnormal in up to 48% of patients
undergoing appendicectomy (Puskar et al. 1995). The
cause for abnormalities often leukocytosis and
microscopic haematuria is the underlying inflamma-
tory process irritating the renal tract along the line of
the inflamed appendix (Puskar et al. 1995).

The most commonly used serological markers of
inflammation in the diagnosis of acute appendicitis
are the leukocyte count and C-reactive protein (CRP).
Neither is diagnostic of acute appendicitis and studies
have attempted to define potential thresholds values
which are predictive of a diagnosis and disease
severity (Coleman et al. 1998; Korner et al. 1999;
Hallan et al. 1997; Gurleyik et al. 1995). Repeated
tests may also be useful in the context of patients in
whom the diagnosis is unclear initially and are
observed clinically with two studies suggesting other
diagnoses or further tests should be considered if
repeat measures are normal (Thompson et al. 1992;
Eriksson et al. 1994). In the presence of normal
inflammatory markers CRP, WBC and neutrophil
count the diagnosis of acute appendicitis is unlikely
(Andersson 2004; Gronroos and Gronroos 1999;
Dueholm et al. 1989; Yang et al. 2006). The perfor-
mance of these tests is clearly related to the popula-
tion under study and a meta-analysis of studies of
reporting results on patients admitted to hospital with
acute abdominal pain and those selected for appen-
dicectomy demonstrated that CRP performed better as
a diagnostic test in those with an acute abdomen than
in those selected already for surgery (Hallan et al.
1997). A further meta-analysis of studies reporting on

patients with a clinical suspicion of appendicitis
concluded that the diagnosis of acute appendicitis was
more likely when two or more inflammatory variables
[granulocyte count, proportion of polymorphonuclear
blood cells, white blood cell count (WBC) and CRP]
were elevated (Andersson 2004). Studies of inflam-
matory markers in children notably of CRP and WBC
count have concluded that an elevation of both
parameters can support the diagnosis of acute
appendicitis (Sack et al. 2006; Beltran et al. 2007;
Kwan and Nager 2010). These studies have all used
different cut off levels to determine abnormal results
and have generally been small single centre studies.
The authors, therefore, suggest that the use of
inflammatory variables should be used to support a
clinical diagnosis of acute appendicitis and to exclude
other pathologies. All women of child bearing age
should have a serum or urine beta HCG requested to
confirm pregnancy status. Given the differential
diagnosis of acute appendicitis other blood tests
including amylase, lipase, liver function tests, and
clotting studies may be required to confirm or exclude
other diagnoses.

Given the limitations of the current inflammatory
markers there has been considerable research interest
in identifying other potential biomarkers for the diag-
nosis of acute appendicitis and for predicting perfora-
tion. Hyper-bilirubinaemia has been shown to correlate
with a diagnosis of perforated appendicitis (Estrada
et al. 2007) but a stronger correlation has been recently
reported for CRP (Kiser et al. 2010). Interleukin-6
serum levels have not been shown to aid the diagnosis
of appendicitis or reduce negative laparotomy rates
(Gurleyik et al. 2002; Paajanen et al. 2002; Goodwin
et al. 1997). The use of plasma D-lactate levels in the
diagnosis of appendicitis is unclear with some studies
suggesting it may (Demircan et al. 2004; Duzgun et al.
2007) or may not be a useful adjunct (Caglayan et al.
2003). A recent study of 51 patients with appendicitis
suggested plasma concentration of lactoferrin and
calprotectin are elevated in those with appendicitis but
their role in diagnosis is unclear (Thuijls et al. 2011).
Clearly the use of these markers in routine clinical
practice will require much larger validation studies in
defined cohorts of patients.

Laboratory tests have also been used to try and
determine the need for further investigation in
patients presenting with abdominal pain. Due to the
non specific nature of most inflammatory variables,
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however, no single specific test has been able to
predict the need for further radiological investigation
(Scheinfeld et al. 2010).

3 Scoring Systems

The diagnosis of acute appendicitis can be difficult
and any delay in definitive treatment with surgery can
lead to an increase in mortality and morbidity as the
disease progresses to appendiceal perforation. This
increase in morbidity and mortality has been used to
justify the high rates of negative appendicectomy
which range from 14 to 75% (Alvarado 1986).
A drive, therefore, has been to improve the diagnosis
of appendicitis using clinical scoring systems. These
systems have been based on symptoms, signs and
laboratory findings. In some instances they have been
part of a computer-aided diagnostic algorithm. The
most widely cited score in the diagnosis of adults with
acute appendicitis is the Alvarado score (Alvarado
1986). Whereas, in children the pediatric appendicitis
score or Samuel score is most widely used (Samuel
2002). The scores have now been validated in a wide
variety of populations, however, they have not made
it into routine clinical practice in all settings.
A number of studies have also used computer aided
diagnosis in patients with acute abdominal pain in an
attempt to improve the management of patients pre-
senting with acute abdominal pain (De Dombal et al.
1974; Wellwood et al. 1992; Scarlett et al. 1986).
These systems have reported a diagnostic accuracy of
97.2% in acute appendicitis (De Dombal et al. 1974),
improvement in time to surgery, with a reduction in
the number of perforations over a 2 year period
(Scarlett et al. 1986). They have, however, not been
introduced into routine clinical practice. In an aid to
further improve diagnosis artificial neural networks
have been suggested as adjuncts to diagnosis but this
remains an area of research with only a small number
of patients having had diagnoses made in this way
(Prabhudesai et al. 2008; Hsieh et al. 2011).

3.1 Alvarado Score or MANTRELS Score

The score was originally developed by Alfredo Alva-
rado in 1986 as an aid to the diagnosis of patients with
appendicitis. The score was based on a cohort of 305
patients based at the Nazareth Hospital in Philadelphia

Table 1 Alvarado score
Variable Value
Symptoms Migration
Anorexia-acetone
Nausea-vomiting
Signs Tenderness in right lower quadrant
Rebound pain
Elevation of temperature >37.3°C
Leukocytosis >10.0 x 10°/L

Shift to the left >75%

Laboratory

O NG T S (O

in the United States of America who presented with
suspected appendicitis. The charts of these patients
were reviewed retrospectively and the sensitivity and
specificity of a number of symptoms, signs and labo-
ratory variables were assessed with those with the
greatest diagnostic value being used to form a scoring
system. This resulted in the formation of a simple score
consisting of three symptoms, three signs and two
laboratory markers of inflammation weighted as either
one or two based on their importance in diagnosis
(Table 1). These variables could be recalled using the
pneumonic MANTRELS. The maximum total score
achievable is, therefore, 10. A score of 5 or 6 is com-
patible with a diagnosis of acute appendicitis, with a
score of 7 or 8 indicating probable appendicitis and a
score of 9 or 10 indicating a very probable acute
appendicitis. It has been suggested that score can used
as a guide to determine which patients require further
observation and which patients require surgery. Those
with a score of 5 or 6 required observation while those
with a score of 7 or above needed to proceed to surgery
as it was likely that they had appendicitis.

The Alvarado score is the best performing of the
clinical scoring systems in current use (Ohmann et al.
1995). The score, however, is not based on a formal
mathematical model which has accounted for the
variables independent ability to predict a diagnosis. It
was also based on retrospective data. These factors
have resulted in a number of authors proposing mul-
tiple other scoring systems including a variety of
other clinical, laboratory and imaging findings.

3.2 Other Scoring Systems

All of the described clinical scoring systems have
attempted to aid the clinician in the diagnosis of the
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patient with acute appendicitis. The systems use a
variety of signs, symptoms and investigations to form
their respective scores. None has been adopted into
wide spread clinical practice. They remain only as an
aid to clinical diagnosis but do alert the clinician to all
probable variables that should be considered in
making a diagnosis of appendicitis.

The Tzanakis scoring system incorporated ultra-
sound scanning along with clinical and laboratory
findings to predict the diagnosis of appendicitis.
Following a multivariate logistic regression analysis
four variables formed the scoring system (Ultrasound
positive for acute appendicitis, tenderness in the right
lower quadrant, rebound tenderness and a leukocyte
count >12,000/pL) (Tzanakis et al. 2005).

The Appendicitis Inflammatory Response Score
was constructed from eight independent predictive
variables (right lower quadrant pain, rebound tender-
ness, muscular defense, WBC count, proportion of
neutrophils, CRP, body temperature and vomiting) and
performed better than the Alvarado score in a sample of
229 patients suspected of appendicitis (Sensitivity 0.97
vs. 0.92, p = 0.0027 and Specificity 0.93 vs. 0.88,
p = 0.0007) (Andersson and Andersson 2008).

The Ohmann score was developed in Germany and
was subject to a before and after intervention study
and used computer — aided diagnosis. The variables
completing the score are tenderness in the right lower
quadrant, rebound tenderness, no micturition diffi-
culties, steady pain, leukocyte count >10.0 x 10°/L,
age <50 years, relocation of the pain to right lower
quadrant and rigidity (Ohmann et al. 1995). The score
was developed using stepwise logistic regression
analysis of a German database and confirmed on a
Dutch database. Following introduction of the score
over a 4 month period the rates of delayed appendi-
cectomy (2 vs. 8%) and delayed discharge (11 vs.
22%) decreased significantly (p < 0.02), however,
there were no changes in the number of perforations
or complications.

The Lintula score was developed from 35 symptoms
and signs recorded for 131 Finnish children with
abdominal pain which were modeled using logistic
regression for their predictive value for a diagnosis of
acute appendicitis. The score was then validated on a
cohort of prospectively collected children with
abdominal pain. The score uses gender, intensity of
pain, relocation of pain, vomiting, pain in the right
lower quadrant, fever, guarding, bowel sounds and

rebound tenderness to form a score which if greater
than 21 appendicectomy was advocated (Lintula et al.
2005). The Lintula score was developed for use in
children but has subsequently been validated in adults
(Lintula 2010). The Fenyo-Lindberg scoring system
was developed using a prospectively collected sample
of 1,167 patients with suspected appendicitis. The
system uses nine clinical and one laboratory variable to
form a score. Each variable is given a weight between
—15 and +15 (Fenyo et al. 1997). The authors initially
reported a reduction in the rate of negative laparoto-
mies associated with the use of the score.

3.3 Pediatric Appendicitis Score

(Samuel Score)

The Pediatric Appendicitis Score (PAS) was first
described by Madan Samuel in 2002. It was based on
an analysis of a prospectively collected cohort of
1,170 children aged 4-15 years (Samuel 2002). The
symptoms, signs and laboratory findings were evalu-
ated for sensitivity, specificity, predictive value and
joint probability. A diagnostic index/weight for each
clinical feature and investigation was calculated. A
stepwise multiple linear regression analysis was then
performed on the best independent predictors to
develop a scoring system based on eight variables.
The variables were given a score of one except for
physical signs which were assigned a score of 2 to
give a total score of 10. The variables in order of
diagnostic index are, cough/percussion/hoping ten-
derness in the right lower quadrant of the abdomen,
anorexia, pyrexia, nausea and emesis, tenderness over
the right iliac fossa, leukocytosis, polymorphonuclear
neutrophilia and migration of pain. The score was
then validated on the cases and was found to have a
sensitivity of 1, specificity of 0.92, positive predicted
value of 0.96 and negative predictive value of 0.99.
The PAS has been evaluated in other cohorts of
paediatric patients. It has been suggested that it is
useful in stratifying the clinical risk of acute appen-
dicitis in those children presenting to the emergency
department with abdominal pain and classifying them
as low, medium and high risk of acute appendicitis
(Goldman et al. 2008). A score of less than or equal to
2 was found to have a high validity of ruling out acute
appendicitis while a score greater than or equal to 7
was found to have a high validity of predicting acute
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appendicitis. In two prospectively collected cohorts of
588 and 287 paediatric patients evaluated for acute
appendicitis a PAS score of 6 or more had a sensi-
tivity of 77-88% and a specificity of 65-50%,
respectively (Schneider et al. 2007; Mandeville et al.
2010). Following both evaluations the authors con-
cluded that neither the Alvarado nor PAS could be
used in isolation to diagnose acute appendicitis.

34 Scoring Systems and the Use

of Radiological Investigations

None of the scoring systems described have been able
to replace the clinical diagnosis of acute appendicitis,
however, they do act as an adjunct to diagnosis.
Several studies have detailed their possible use in
determining the need for further investigation in
patients with abdominal pain. The authors of a pro-
spective evaluation of 849 children with abdominal
pain suggested that those with a PAS score of
between 3 and 6 should go on to have further inves-
tigation such as ultrasound or computed tomography
or a period of further evaluation (Goldman et al.
2008). A second prospective review of 246 children
concluded that a PAS score of 5-7 may indicate the
need for further investigation (Bhatt et al. 2009).
A further retrospective review of 150 patients aged
over 7 years presenting with abdominal pain con-
cluded that those with an Alvarado score between 3
and 6 should undergo a CT scan of the abdomen with
a sensitivity of CT of 90.4% and specificity of 95%
(McKay and Shepherd 2007). A randomized con-
trolled trial of graded ultrasonography and Alvarado
scoring compared to standard clinical diagnosis
demonstrated a significant decrease in time to surgery
in the intervention group without a decrease in hos-
pital stay or perforation rates (Douglas et al. 2000)
The scoring, however, was carried out by just one
observer and the intervention arm had three non-
diagnosed cases of perforation which was worse than
the control arm of the study.

The evidence, therefore, suggests that these scoring
systems when equivocal may indicate the need for fur-
ther investigation or a period of observation with serial
physical examinations (Pouget-Baudry et al. 2010).
None of the systems allow a definitive diagnosis of acute
appendicitis or have the ability to accurately predict the
need for further investigation. Therefore, clinical

diagnosis and clinical judgment should still be the main
guides to further investigation in those patients in whom
the diagnosis of appendicitis is unclear.

4 Difficult Diagnostic Areas

4.1 Abscess

Patients with an appendix abscess present with a
swinging pyrexia associated with a tender mass in the
right lower quadrant and a leucocytosis. The abscess
is most often located in the lateral aspect of the right
iliac fossa although a pelvic abscess may be palpable
per rectum. The diagnosis is often confirmed on
ultrasound or using computed tomography. The
abscess can be drained percutaneously but open
drainage allows appendicectomy to be performed
(Humes and Simpson 2006).

4.2 Mass

Delayed presentation of appendicitis can be associated
with presentation with a tender mass in the right iliac
fossa. The mass can be confirmed using radiological
imaging and patients who are clinically well are treated
with intravenous antibiotics. In the majority of cases
the mass will resolve and if indicated an interval
appendicectomy can be performed. In elderly patients,
the possibility of an underlying malignancy must be
excluded. Careful clinical review is required to ensure
resolution of the inflammatory process.

4.3 Pregnancy

Displacement of the appendix by the gravid uterus
results in an atypical presentation of appendicitis in this
group of patients. Nausea and vomiting may be present
with tenderness located at any point on the right side of
the abdomen. Acute appendicitis is the most common
non-obstetric emergency requiring surgery in pregnancy
with an incidence of 0.15-2.1 per 1,000 pregnancies
(Guttman et al. 2004). The diagnosis may require spe-
cialist investigation with magnetic resonance imaging
or ultrasound. A high index of suspicion is required as a
delay in diagnosis results in an increase in both maternal
(<1-4%) and fetal (1.5-35%) mortality associated with
perforation (Guttman et al. 2004).
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Chronic or Neuroimmune
Appendicitis

4.4

A small number of patients present with recurrent
episodes of right lower quadrant abdominal pain with
no associated inflammatory changes (Barber et al.
1997). These patients are often difficult to diagnose and
treat. Due to their small numbers only a few studies
have attempted to define these cases in more detail.
There appears to be two distinct groups of patients
those with recurrent episodes of abdominal pain who
ultimately have a chronically inflamed appendix
removed reported as 6.5% of patients presenting with
appendicitis in one study (Barber et al. 1997) and those
in whom a histologically normal appendix is removed.
Characteristics of these patients with recurrent epi-
sodes of pain are the presence of chronic inflammatory
changes at the time of appendicectomy (Mattei et al.
1994), and the presence of appendicolith on CT scan
with a thickened appendix greater than 9 mm in width
(Giuliano et al. 2006). In those with a normal appendix
neuroimmune changes with an increased expression of
substance P and vasoactive intestinal peptide (VIP)
containing nerves have been demonstrated suggesting
a possible neuroimmune explanation for symptoms
other than acute inflammation (Di Sebastiano et al.
1999). There is no current standardized strategy for the
management of these patients who must be dealt with
on an individual basis. “Spontaneously Resolving
and Chronic Appendicitis” is further discussed by LP
Cobben.

5 Conclusion

The diagnosis of acute appendicitis is clinical and
specialist investigations should only be requested in
those patients in whom the clinical diagnosis is
uncertain. The Alvarado and other scoring systems
are still only an aid to clinical diagnosis and may aid
in the clinicians judgment of how to manage patients.
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Abstract

This chapter examines the evidence on the asso-
ciation between time to treatment and perforation
rates. Time to treatment is divided into two
components; patient time, which is the time from
symptom onset to presentation to healthcare sys-
tem and system time which includes time delays
between presentation and definitive treatment.
While patient time is associated with increased
perforation rates and worse outcomes, poor effects
of system delays are less consistently shown, likely
because total time duration between symptom
onset and treatment is not taken into account,
timing has not been accurately documented, and
possibly due to different disease processes for
perforated and non-perforated appendicitis. The
impact of increased use of CT for the diagnosis of
appendicitis on delay and perforation rates is
discussed.

1 Background

1.1 Historical Overview: Surgical
Management of Suspected
Appendicitis: From Early
Intervention to Active Observation

One of the most vexing and important questions in the
course of appendicitis is the role of time. Fitz’s first
descriptions of appendicitis in the late 1800s por-
trayed the progression from inflammation to perito-
nitis and abscess formation making it an easy leap
to recommend early surgery (Berry and Malt 1984).

C. Keyzer and P. A. Gevenois (eds.), Imaging of Acute Appendicitis in Adults and Children, 23
Medical Radiology. Diagnostic Imaging, DOI: 10.1007/174_2011_209, © Springer-Verlag Berlin Heidelberg 2011
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In 1900, Riddell advocated operation for patients with
‘perforative appendicitis’ arguing that without treat-
ment there was no recovery, and therefore, surgery
was the patient’s only choice. Of course, this occurred
in the pre-antibiotic era. The risk of ruptured appen-
dicitis with its associated high rates of mortality led to
the practice of early surgery, even for equivocal cases.
This treatment approach was accompanied by high
rates (20-30%) of negative appendectomies. Thus, for
many years, it was widely understood that a propor-
tion of normal appendices needed to be removed in
order to avoid perforations (Berry and Malt 1984),
and the more the time between symptom onset and
definitive surgical treatment, the greater the chance of
appendiceal perforation.

By the 1960s and early 1970s, large studies
examining admissions for acute abdominal pain found
that one-third of patients with suspected acute
appendicitis on presentation recover without any
treatment (Jones 2001). These findings prompted a
change in the approach to patients presenting with
acute abdominal pain: those clearly presenting with a
clinical picture consistent with acute appendicitis
were promptly taken to the operating room (OR).
Others with a non-specific clinical picture were
observed closely. This active observation included
regular examination by physicians and nurses, noth-
ing given by mouth, IV fluids, and serial blood tests
(white blood cell count and C-reactive protein level).
Patients who proceeded to develop findings more
suggestive of acute appendicitis (or another surgical
abdomen) were taken to the OR as were those who
did not recover. The use of active observation low-
ered rates of negative appendectomies to 3-10%
without a concomitant increase in rates of perforation
(Jones 2001). The practice of active observation in
equivocal cases became widely accepted. However, it
was also accepted that rates of ruptured appendicitis
are inversely associated with the rates of appendec-
tomies for normal appendices and that delaying sur-
gery in some patients may come at the cost of higher
perforation rates and its associated morbidity (Von
Titte et al. 1996). In more recent years, the approach
to treat appendicitis is changing. Physicians start
intravenous antibiotics immediately and in certain
circumstances have safely delayed surgery from
“off-hours” to “regular hours” when staffing and ser-
vices are readily available (Surana et al. 1993; Yardeni
etal. 2004). As some patients can be safely watched and

monitored without serious consequence, these studies
raise the question of the role of time in the risk of per-
foration (Ingraham et al. 2010; Hunter 2010).

1.2 Epidemiology of Appendicitis
Population-based studies allow for analysis of trends
in the incidence of non-perforated and perforated
appendicitis in the entire population at risk. Data from
the National Hospital Discharge Survey (NHDS, a
database representative of the US hospitalized popu-
lation) between the years 1970-2004 show an initial
reduction followed by a slight rise in the incidence
rates of both non-perforated and perforated appendi-
citis in recent years. Negative appendectomies
decreased over time with the increased use of CT
imaging (Livingston et al. 2007).

1.3 Rates of Perforation and Associated

Morbidity

Rates of ruptured appendicitis vary widely (15-35%)
(Luckmann 1989; Braveman et al. 1994; Korner et al.
2001; Sicard et al. 2007). Perforated appendicitis is
associated with increased morbidity and mortality.
Complications include wound infection [17 vs. 9% in
non-perforated appendicitis (Berry and Malt 1984)],
intra-abdominal collection, small bowel obstruction,
cutaneous fistulae, incisional hernia as well as non-
specific complications such as pneumonia, pulmonary
emboli, deep vein thrombosis, acute cardiac ischemia,
urinary retention, and urinary tract infection (Berry
and Malt 1984; Cacioppo et al. 1989). Complication
rates increase from 6-10% in simple appendicitis to
20-36% in perforated appendicitis (Eldar et al. 1997;
Savrin and Clatworthy 1979). Mortality rates increase
as well from 0.05% in simple appendicitis to 0.3% in
perforated appendicitis (Luckmann 1989). Mortality
rates in patients with perforated appendicitis increase
even more with age to a peak of 6% in patients older
than 79 years (Luckmann 1989). This increased
complication rate is associated with increased hospital
length of stay and higher healthcare costs (Sicard
et al. 2007). Long-term morbidity associated with
perforated appendicitis includes small bowel
obstruction and possibly tubal infertility (Webb and
Holman 1992). These worse outcomes compel us to
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identify alterable risk factors for perforation and
intervene to reduce the risk.

2 Risk Factors for Perforation

Several risk factors have been associated with higher
rates of perforated appendicitis:

2.1 Age

The proportion of cases with perforation dramatically
changes with age (Kraemer et al. 1999; Bratton et al.
2000; Pittman-Waller et al. 2000; Korner et al. 2001;
Sicard et al. 2007). Highest rates of perforation are
found in the very young and in the elderly. These
rates peak in the 0-9 age group, drop and then gra-
dually increase from age 20 upward to a peak of 75%
in the 80 plus age group. However, a population-
based study of discharges from all California hospi-
tals in 1984, found that of 24,794 appendectomies, the
incidence of non-perforated appendicitis peaked in
the teens and then slowly declined for both sexes.
Incidence rates of perforated appendicitis were fairly
constant with age, with a small peak in the teens as
well (Fig. 1): 30-40 cases/100,000 males; 20-25
cases/100,000 females (Luckmann 1989). Similarly,
Korner reported incidence rates of perforated appen-
dicitis in Stavanger, Norway. The rates did not change
significantly in different age groups (Korner et al.
1997).

2.2 Sex

There are conflicting studies about the role of gender
in perforation. Some studies report a higher rate of
perforation in men (Kraemer et al. 1999; Pittman-
Waller et al. 2000) while others do not find such an
association (Korner et al. 1997; Redmond et al. 2002).
Kraemer, with the Acute Abdominal Pain Study
Group, conducted a prospective multicenter study in
Germany and Austria in 1994-1995 (Kraemer et al.
1999). The study group included 2,280 patients with
acute abdomen, excluding children under the age of
six. Of the 519 appendectomies with histology proven
acute appendicitis, 18% had perforated. Perforation
rates were higher in males, with a ratio of 1.5:1,
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Fig. 1 Incidence of appendectomy and drainage of abscess for
appendicitis by age, sex and type in California in 1984.
Perforated appendicitis and appendicieal abscess are combined.
Reprinted with permission from Luckmann (1989)

despite the fact that in the whole group male to female
ratio was 1.

23 Type of Insurance

In countries without universal health care, type of
insurance can affect access to care due to financial
constraints by reducing access and increasing time to
effective treatment. In the United States, several
studies examined the association of perforated
appendicitis with the type of or lack of health insur-
ance. Braveman used statewide California hospital-
discharge data to study differences in the rates of
appendiceal perforation in adults, according to type of
insurance coverage. Of all California residents
patients in the age group of 18—64 years old that were
hospitalized with a principal diagnosis of acute
appendicitis from 1984 through 1989 (N = 96,587),
34% of uninsured, 34% of Medicaid, 29% of com-
mercial fee-for-service, and 26% of private capitated-
payment insurance patients experienced a perforated
appendix. Patients with appendicitis who had Med-
icaid coverage or were uninsured were about
1.5 times more likely to have appendiceal rupture
when compared to those with capitated private
coverage (OR = 1.49 [95% confidence interval,
1.41-1.59] and 1.46 [95% confidence interval,



26

T. S. Menes and N. A. Bickell

1.39-1.54], respectively) (Braveman et al. 1994). The
multivariate analysis controlling age, sex, psychiatric
diagnoses, substance abuse, diabetes, poverty level,
race or ethnic group, hospital characteristics, and
circumstances of admission, found that patients
without capitated insurance coverage had a higher
risk of ruptured appendicitis suggesting that visit cost
may affect timely access to needed care. After
adjusting for insurance type, the authors still found a
70% higher-rupture rate among county and city hos-
pital patients, perhaps reflecting system or physician
barriers to prompt accurate diagnosis and treatment.
Similarly, a population-based study of all children
hospitalized with acute appendicitis in Washington
State from 1987 through 1996, found that compared
to children with commercial insurance or HMO cov-
erage, children covered by Medicaid insurance had
increased risk of complicated appendicitis (Bratton
et al. 2000). Indeed, the effect of insurance was also
found in Maryland. Data from Maryland Medicaid
inpatient claims and the Maryland Health Services
and Cost Review Commission (HSCRC) for hospital
discharges of children <18 years, which included all
payers, found a higher proportion of ruptured
appendicitis occurred among Medicaid recipients,
36% compared to 29% among those privately insured.
Interestingly, among Medicaid beneficiaries, there
was an inverse association between the number of
preventive care visits and the occurrence of ruptured
appendicitis suggesting that preventive visits are a
proxy for parental attentiveness to health care issues,
and that these kids are more likely to have a rela-
tionship with a healthcare provider who can expedite
care (Gadomski and Jenkins 2001). The challenge of
using administrative data to assess factors associated
with perforation is that it does not permit assessment
of whether barriers to care were concentrated in the
pre-hospital phase, caused by patients delaying calls
due to reluctance to pay the out of pocket costs or not
knowing whom to call, or whether the barriers were
within the system, related to physicians’ inability to
get timely consultations, tests or treatments. In a study
of childhood appendicitis, Brender found that parents
encouraged to observe their children at home by the
health professional first contacted, had the highest
incidence of appendiceal rupture (67%) (Brender
et al. 1985). These studies highlight the importance of
insurance and access to care and their effects on
perforation rates, both positively and negatively.

24 Daily and Seasonal Variation
Examining variability in rates of perforation with the
day of the week, month, or season provides insight
into external influences of different elements on the
pathologic progression and outcome of appendicitis.
For example, the Kids Inpatient Database (KID)
Healthcare Cost and Utilization Project, a national
database representative of 80% of pediatric admis-
sions from 2,521 hospitals in 22 US states, described
variation in the incidence of appendicitis in children
by day of the week: Mondays had the highest rates for
acute and perforated appendicitis, weekends had the
lowest rates (Deng et al. 2010). Such findings may
reflect parents’ and patients’ access to health care on
weekends. However, they do not explain whether
emergency services were less available or if parents
prefer to wait for the weekend before contacting
their pediatricians. A study from Montreal, found a
non-significant increase in perforation rates on the
weekends and holidays when compared to weekdays
(Sicard et al. 2007).

Other studies examine seasonal variation which
can indicate the effects of training (e.g., July/August,
when residents are relatively inexperienced), or
infectious etiologies resulting in lymphoid hyperpla-
sia and subsequent appendiceal obstruction. A study
analyzing the outcome of 4,325 patients with appen-
dicitis by the month of the year found no difference in
outcome of patients presenting in the beginning of the
academic year and the rest of the year (Yaghoubian
et al. 2010). In the KID study, the highest incidence of
appendicitis was in the summer and the highest inci-
dence of perforated appendicitis was found in the fall
(Deng et al. 2010).

2,5 Hospital Organization Model

Hospital organization may also impact the outcome of
patients with acute appendicitis as access to dedicated
emergency imaging and surgery can affect time to
care. Sicard examined outcomes of patients with
acute appendicitis in different hospitals in Montreal.
Twelve hospitals, each performing over 50 appen-
dectomies a year, were included. A wide variation
(19-35%) was found in the rates of complicated
appendicitis across different hospitals. Hospitals with
a high volume of patients (as measured by total
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annual volume of patients admitted to the hospital and
annual volume of surgery), with readily available
imaging, presence of surgical specialties, and a
dedicated emergency OR had lower rates of ruptured
appendicitis than hospitals without these organiza-
tional features (Sicard et al. 2007).

2.6 Time Delay

2.6.1 Delay in Presentation versus Delay

in Evaluation:

Given the pathologic progression that results in rup-

ture with its associated worse morbidity and mortality

(Luckmann 1989), assessing the effect of time on

outcome is key. Once the effect of time is ascertained,

identifying the source of delays may provide reme-
diable points to intervene. A study evaluating the
changing risk of perforation with time from symptom
onset to treatment found a steady rise in risk with
passing hours up to 36 h following which, the risk of
perforation in each subsequent 12 h period remained
at a steady high level (Bickell et al. 2006). Similarly,

Ditillo described pathologic worsening with passing

time. In this large study of over 1,000 patients,

appendicitis was graded according to the pathological
findings: G1 for uncomplicated appendicitis, G2 for
gangrenous, G3 for perforated or phlegmonous, and

G4 for periappendiceal abscess. As the total time

between symptom onset and treatment increased from

less than 12 h to over 71 h, the rates of G1 decreased

from 94 to 54% while G4 increased from 3 to 13%

(Ditillo et al. 2006).

Identifying where and why patients experience
delays provides points to intervene to speed processes
and in turn, reduce perforation rates and poorer out-
comes (Bickell and Siu 2001). The time between
symptom onset and treatment (appendectomy) con-
sists of various components (Fig. 2):

A. Patient-Time: the time between start of symptoms
and presentation to health care, e.g., physician,
nurse practitioner, and emergency department.
This period requires correct recognition of
symptoms and ability to present to health care. It
lies within the patient domain and is perceived as
more difficult to alter. (Rosenstock 1966; Ting
et al. 2008).

B. System time: the time between presentation to care
and definitive treatment. This period encompasses

TOTALTIME
| |

Symptom Onset —» Ist Exam— Diagnosis — Treatment

PATIENT TIME SYSTEM TIME

Fig. 2 Components of time delay between symptom onset and
treatment

initial examination, diagnostic assessments, and
treatment. It requires clinical acumen and avail-
ability of needed services and personnel. This
component of time is perceived to be more easily
altered than patient-time as it lies within the
system’s domain.

Patient factors that can affect patient-time include
elements of the health belief model [perceived vul-
nerability, severity, curability, and coping strategies
(Rosenstock 1974; Kirscht 1974; Kasl 1975; Safer
etal. 1979)], knowledge of disease symptoms, and skill
in negotiating their health care system, insurance type,
and competing demands. Physician factors that may
contribute to delay include: physician availability
(initial contact and specialist consultation), referral
practices, and diagnostic and treatment acumen. Health
system organizational factors include: availability of
urgent contact, pre-authorization demands, availability
of diagnostic tests or treatment facilities, and the
technical quality of care. Each group of factors affects
the amount of time between patient recognition of
symptoms, their contact with the health care system,
determination of the correct diagnosis, and institution
of effective treatment.

Numerous studies examine the time between
symptom onset and presentation to care (Temple et al.
1995; Korner et al. 2001; Pittman-Waller et al. 2000;
Bickell et al. 2006; Sicard et al. 2007) with most
finding higher rates of perforation among patients
who present to care later rather than earlier (Eldar
et al. 1997; Kraemer et al. 1999; Pittman-Waller et al.
2000; Cappendijk and Hazebroek 2000; Bickell et al.
2006). Von Titte found that patients with >72 h time
lapse between symptom onset and treatment experi-
enced a very high rate of perforation (90%). In 38%
of these patients, the delay was fully attributed to
patients’ delay with patients thinking that the pain
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was inconsequential or that symptoms would improve
spontaneously (Von Titte et al. 1996). One study of
pediatric appendicitis cases found higher perforation
rates among patients whose parents called the pedia-
trician because they were advised to watch and wait
(Brender et al. 1985). Another study examining
appendicitis patients’ perceptions and actions found
that patients presented to care quicker when they
perceived the condition to be serious and their prior
health status was good; thus, it appears that the abrupt
change in their health and acuity of pain hastened
action. Appenditicis patients’ beliefs about the health
system, having a regular doctor and knowing whom to
call, coping strategies, insurance, education, and
clinical severity did not appear to affect the amount of
time between symptom onset and presenting to care
(Bickell et al. 2004).

2.6.2 Delay between Presentation
and Treatment:

Reports examining the association between delays in
treatment (i.e., time elapsed from presentation to
treatment) and ruptured appendicitis are less consis-
tent. Some of the discrepancy is likely due to diag-
nostic uncertainty and protocols in place to assess
patients presenting with acute abdominal pain. For
example, patients presenting with classic appendicitis
symptoms are treated more quickly and have lower
perforation rates (Cappendijk and Hazebroek 2000;
Omundsen and Dennett 2006). Many studies find an
association between delays to treatment and rupture
rate (Berry and Malt 1984; Cacioppo et al. 1989; Linz
et al. 1993; Walker et al. 1995; Cappendijk and
Hazebroek 2000; Ditillo et al. 2006; Omundsen and
Dennett 2006; Bickell et al. 2006). Studies that
examine this question divide the patient groups
according to time elapsed between admission and
surgery, and compare the proportion of patients with
perforated appendicitis in both groups (Walker et al.
1995; Cappendijk and Hazebroek 2000; Bickell et al.
2006; Ditillo et al. 2006). In patients followed
prospectively during a 12 month period, there was a
non-significant increase in the proportion of perfo-
rated appendicitis in patients with longer delays
between admission and surgery: 18% among those
operated within 6 h versus 33% in those operated
after 24 h (Walker et al. 1995). Similarly, a higher
rate of perforation was found in patients operated on
or after 24 h when compared to less than 24 h. Those

operated on after 24 h from presentation tended to be
older, female and their outcomes, length of stay, use
of antibiotics, and perforation rates, were worse when
compared to the group operated within 24 h. The
authors conclude that these are different patients with
diagnostically challenging appendicitis (Omundsen
and Dennett 2006). Similarly, a study of 129 children
with acute appendicitis evaluated diagnostic delay.
Diagnostic delay was divided into early, less than
48 h, and late, greater than 48 h. Patients in the
“early” group presented more often with classic
symptoms whereas those in the “later” group had
more non-specific abdominal pain or diarrhea.
Perforation was more common in the latter group (71
vs. 24%) (Cappendijk and Hazebroek 2000). Delay in
surgeon consultation and time to OR were associated
with complicated appendicitis in the pediatric com-
munity (Linz et al. 1993). Delays in surgical consul-
tation were found in a study examining referral to
surgeons in two time periods (1980 vs. 1986 and
1987) and outcome of patients with acute appendici-
tis. In the later periods there were longer delays to
treatment, with more patients treated by non-surgical
personnel in the pre-hospital setting, and delays in
surgeon consultation, possibly related to changes in
the healthcare system, with increased gatekeeper
activity. These delays in turn were associated with an
increase in the rates of complicated appendicitis and
its associated morbidity (Cacioppo et al. 1989).
Others did not find an association between delay in
treatment and rupture: multiple studies comparing
time from presentation to surgery in patients with
perforated and non-perforated appendicitis, did not
find a significant difference (McLean et al. 1993;
Eldar et al. 1997; Kraemer et al. 1999; Pittman-
Waller et al. 2000; Sicard et al. 2007; Lee et al. 2001).
The retrospective nature and different methodol-
ogy used may explain these conflicting results. In
retrospective studies it is difficult to ascertain the
exact time of symptom onset, which is subject to
recall bias. The outcome, perforated appendicitis, can
be determined using diagnostic or billing codes,
chart notes, imaging findings, operative reports,
positive peritoneal cultures, or the pathology report,
and therefore misclassifications are a concern. Most
studies compare proportions of perforated appendicitis,
which are determined by the total number of
appendectomies and will change with the number of
negative appendectomies. Negative appendectomy
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rates are influenced by local practice and have been
decreasing over time. Moreover, if perforated
appendicitis is suspected on presentation, it can
influence the delays, either by shortening time to the
operating room because of the perceived urgency
(Van Breda Vriesman et al. 2003; Temple et al.
1995), or by increasing delays if abscess formation
is suspected, as further workup maybe requested.
Finally, the use of antibiotics may also alter the
natural history of the disease.

2.6.3 Recent Trends in Management
of Non-Complicated Appendicitis
in the Era of IV Antibiotics:

Anecdotal episodes describe individuals with presumed
appendicitis aboard submarines, and merchant ships
who were treated with intravenous antibiotics without
progression to rupture (Groetsch and Shaughnessy
2001; Mason 2008). Although this is not universally
accepted as standard of care, several studies report that
for patients who have not perforated at presentation, it is
safe to treat with intravenous antibiotics and wait until
regular work hours to perform an appendectomy
(Surana et al. 1993; Yardeni et al. 2004; Ingraham et al.
2010; Hunter 2010). In Our Lady’s Hospital for Sick
Children in Dublin, Ireland a policy of delaying surgery
to morning was instituted in the late 1980s. Surana
compared the outcome of patients presenting during the
day and operated on or before midnight, with a group of
patients who presented or were diagnosed during the
night hours and were placed on antibiotics and operated
on the next morning. There were 695 patients in total.
No significant difference in rates of perforation (18 vs.
21%) was found (Surana et al. 1993). A similar report
from the Pediatric Department of Surgery at the
University of Michigan Health System in Ann Arbor,
Michigan, examined the outcome of patients treated
under a new protocol. Children presenting in the even-
ing or early morning hours with non-perforated
appendicitis were given antibiotics and operated on
within 24 h of admission. These patients were com-
pared to patients who were operated within 6 h of pre-
sentation. Patients who were operated after 24 h were
excluded, assuming that an inconclusive diagnosis
contributed to the delay in surgery. They did not find a
difference in the perforation rates between the two
groups. Based on their results they recommend a
semi-elective approach to these patients, arguing that
antibiotics can halt or slow the disease process and allow

aplanned delay in treatment. Delay was associated with
aslightincrease in cost as well as length of stay (Yardeni
et al. 2004). Both these studies may lack power to show
significant differences in perforation rates, and suffer
from selection bias. However, a recent retrospective
cohort study of 32,782 patients reporting data to the
American College of Surgeons’ National Surgical
Quality Improvement Program found that 75% of
patients were operated within 6 h of surgical admission,
15% between 6 and 12 h, and 10% more than 12 h after
admission. Although there was a higher rate of perfo-
ration in the patients operated on after 12 h from
admission, there was no significant difference among
these groups in post-operative stay, morbidity, or
mortality (Ingraham et al. 2010). These studies did not
assess the effect of total time between symptom onset
and treatment but they do raise the tantalizing possi-
bility that not all appendicitis cases require immediate
surgical intervention.

3 Is Perforated Appendicitis
a Separate Disease?

While the classic teaching is of a progressive disease
that needs to be surgically treated urgently in order to
prevent rupture and complication, the theory of pro-
gression of acute appendicitis through the four patho-
logic steps previously described (Ditillo et al. 2006) has
been questioned by several reports. Population-based
studies show a disconnect between the age-related
incidence rates of perforated and non-perforated
appendicitis (Luckmann 1989; Andersson et al. 1994).
Age-adjusted incidence rates of appendicitis were cal-
culated for the county of Jonkoping in Sweden during
1984-1989. The incidence of perforated appendicitis
was fairly stable for the different age groups, whereas
the incidence of non-perforated appendicitis peaked in
the 10-14 age group. To examine temporal trends in
appendicitis, and appendectomies, the authors exam-
ined all appendectomies done in the town of Jonkoping
between 1970 and 1989. They found a decrease of 29%
in the rates of appendectomies over the years studied.
There was a similar decrease in the rates of appendicitis
by 24%. This was associated with a 40% decrease in the
rates of appendectomies done for normal appendices.
The incidence of non-perforated appendicitis fell by
27% from 152 cases to 111 per 100,000/year. This was
in contrast to the incidence of perforated appendicitis
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which remained stable at 21 per 100,000 (Andersson
etal. 1994). In order to examine the association between
the laparotomy rate and incidence of perforated and
non-perforated appendicitis, the same authors reviewed
six published reports of series of appendectomies from
different countries. Diagnostic accuracy and rates of
negative laparotomies were used as indicators of a
surgeon’s attitude toward exploring in equivocal cases.
These studies included over 53,000 patients. There was
a wide variation in the incidence of appendectomies in
the different series. However, the variance was seen
mainly for non-perforated appendicitis and for negative
appendectomies and much less so for perforated
appendicitis. These authors conclude that differences in
management of non-perforated appendicitis influence
the reported incidence of the disease, e.g., an aggressive
approach with early exploration of equivocal cases
will increase the reported or observed incidence rates of
non-perforated appendicitis, suggesting that some
forms of appendicitis may resolve without surgery.
Similarly in studies that randomized patients with
equivocal findings to CT versus expectant management,
or laparoscopy compared to expectant management,
higher rates of appendectomy and appendicitis were
found in the patients undergoing CT or laparoscopy
versus those who were followed. These reports suggest
that some of these cases would have resolved without
surgery (Mason 2008).

Perforation rates are inversely associated with the
number of total appendectomies as well as the number
of negative appendectomies. These authors reject the
premise that early exploration will reduce the number
of cases with perforated appendicitis, and criticize the
use of rates of perforated appendicitis as a proxy of
quality of care (Andersson et al. 1994). However, at
this point in time, there are no established clinical
prediction rules to validly and safely distinguish
which appendicitis cases will resolve with antibiotics
only and which will perforate.

4 Effect of CT Imaging on System
Time and Perforation Rates

The introduction of CT has revolutionized the man-
agement of patients with acute abdomen. However,
the increased use of CT for the diagnosis of acute
appendicitis can contribute to delays particularly if
oral contrast is used to opacify the cecum. On the

other hand, routine use of imaging may lead to rapid
diagnosis in equivocal cases and actually decrease
delays in treatment and thereby, reduce the rates of
perforation. Several studies showed that patients
undergoing CT had a higher rate of perforation
(Pittman-Waller et al. 2000; Bendeck et al. 2002;
Bickell et al. 2006; Musunuru et al. 2007; Augustin
et al. 2009). Other studies did not show a significant
association (Applegate et al. 2001; McDonald et al.
2001; Weyant et al. 2001; Perez et al. 2003; Mathis
et al. 2005; Wong et al. 2008), although some lacked
power to detect differences (McDonald et al. 2001;
Weyant et al. 2001).

Numerous studies examined the impact of
increased use of imaging on the outcome of patients.
These studies can be divided according to their
methodology. Descriptive observational studies
showed that patients undergoing CT for the evalua-
tion of acute appendicitis had longer delays when
compared to patients who were operated on without
imaging (Lee et al. 2001; McDonald et al. 2001; Perez
et al. 2003; Menes et al. 2006; Bickell et al. 2006;
Musunuru et al. 2007; Riesenman et al. 2008). Bickell
found an association between use of CT and longer
delays. However, use of CT was also associated with
unclear diagnosis at presentation, according to doc-
tors’ notes. In general, patients who waited longer
prior to presentation, more often had uncertain diag-
noses and thus, more use of imaging studies, and
subsequent longer times to treatment. Others did not
find delays associated with CT (Mathis et al. 2005).
Augustin compared the outcome of patients under-
going CT prior to appendectomy with those who did
not. The rate of perforated appendicitis was signifi-
cantly higher in patients who underwent CT scans.
In order to check if the difference in perforation
rate between the two groups was due to patients
presenting with perforated appendicitis on admission
receiving CT scans, they excluded patients with per-
forated appendicitis on initial CT scans and repeated
the analyses. The difference in perforation rates con-
tinued to remain significant (P = 0.037) (Augustin
et al. 2009). Menes examined the delay associated
with use of CT, and found that while use of CT was
associated with delay, there appeared to be a learning
curve. Over time, as use of CT increased, access to
CT was quicker and readings were more accurate
(Menes et al. 2006), a common finding among inno-
vations adopted in medicine (Ascheim et al. 2009).
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Fig. 3 Population-Adjusted Rates of Total, Incidental, and
Nonincidental Appendectomy and Misdiagnosis and Rupture in
Nonincidental Appendectomy (a), in Washington State, the
population-based rate of nonincidental appendectomy remained
stable over time, with a decrease in the rate of all appendec-
tomies related to a 7.3% yearly decrease in the rate of incidental

Population-based studies enable us to examine
trends in use of CT and its overall impact on rates of
negative appendectomies and perforated appendicitis.
In Washington State, among 15 hospitals performing
over 50 appendectomies a year, there was an
increasing rate of use of CT but no associated
change in the perforation rate (SCOAP Collaborative
et al. 2008). Similarly, a population-based study of
85,790 patients operated on for appendicitis during
1987-1998 found that the incidence of perforated
appendicitis did not change over time. However, it is
possible that assessing this question with data ending
in 1998 was too early to capture the true impact of CT
(Fig. 3) (Flum et al. 2001).

In a randomized trial of CT versus clinical
assessment, Hong compared the outcome of 182
patients with an intermediate probability of having
appendicitis, half of whom received a CT scan and
the other half, received clinical assessment only. The
CT group experienced longer delays to treatment
(19 hvs. 11, P < 0.01). Perforation rates were higher
among scanned patients (9 vs. 6%, P = 0.4), how-
ever, the trend was not statistically significant. This is
a small study that lacked power to show a significant
difference (Hong et al. 2003).

The classic teaching of a progressive disease that
ultimately results in perforation has been questioned
by studies suggesting the possibility of different dis-
ease processes for perforated and non-perforated
appendicitis, with resolution of symptoms without
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appendectomy (b), among patients undergoing nonincidental
appendectomy, the population-adjusted rates of misdiagnosis
and perforation remained unchanged from 1987 through 1998.
(from Flum et al. (2001) Copyright © American Medical
Association 2001. All rights reserved. Reprinted with
permission)

surgery in some cases (Andersson et al. 1994). These
theories question the ability of better patient man-
agement to decrease perforation rates and affect
outcome and healthcare costs. However, several
studies show that using standardized protocols to
evaluate patients presenting with acute abdominal
pain, limiting imaging to equivocal cases and older
patients, can decrease time to surgery (Torbati and
Guss 2003), negative appendectomy rates (Naoum
et al. 2002; Antevil et al. 2006), and perforation rates
(Pefia et al. 2002).

In summary, delays between symptoms onset and
treatment have been associated with higher perfora-
tion rates and increased morbidity and mortality in
multiple studies. While patient delays are clearly
associated with higher perforation rates, the reports on
system delays and perforation are conflicting. With
the standard use of antibiotics, the need for urgent
surgery in night hours has been questioned. Several
studies examining this question, although retrospec-
tive and somewhat underpowered, have reached the
conclusion that delaying surgery to regular working
hours does not negatively impact the outcome of these
patients. The possibility of a different disease process
for perforated versus non-perforated appendicitis
questions the importance of time. However, in the
absence of definitive, validated clinical prediction
rules, it remains prudent to treat appendicitis in a
timely fashion as perforation clearly causes worse
morbidity and mortality. Whether treatment must
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always be surgical or in some cases can safely be
treated medically is a question demanding an answer.
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However, these diagnostic tools can be time con-
suming, expensive, expose patients to radiation or are
even invasive procedures with their own morbidity.
Therefore, we should consider whether it is worth-
while to lower the negative appendectomy rate and to
what expense it should be attempted.

To answer these questions we should verify what
are the costs and morbidity of these diagnostic pro-
cedures and weigh them against the morbidity and
costs of performing a negative appendectomy. We
should also consider that performing fewer appen-
dectomies must not lead to more perforated appen-
dectomies. We also have to define a normal appendix.
Is it an appendix with no histological signs of
inflammation or is it just an appendix, which causes
no clinical signs? But first we should consider the
possible function of the appendix and whether it is
safe to remove the appendix or is it worthwhile to
spare this organ?

2 Can We Remove a Normal
Appendix or Should We Try
to Preserve it?

In humans, the vermiform appendix is derived from
the cecal diverticulum, which is formed in the sixth
week after conception. It appears on the antimesen-
teric border of the caudal limb of the midgut loop as a
conical pouch. The apex of this blind sac does not
grow rapidly and forms the appendix. When the
proximal part of the colon elongates, the cecum and
appendix are displaced downward into the right iliac
fossa. During this process, the appendix may pass
posterior to the cecum (retrocecal), or it may descend
over the brim of the pelvis (pelvic location). The
appendix is located retrocecally in about 64% of the
people, is longest in childhood and gradually shrinks
throughout adult life (Moore 1982).

In most vertebrates, the cecum is a large, complex
gastrointestinal organ, enriched in mucosal lymphatic
tissue and specialized in digestion of plants (Kardong
2002). The cecum in herbivores is much larger than in
humans. The human appendix is a derivative of the
end of the more primitive herbivorous cecum found in
our primate ancestors (Goodman et al. 1998; Shoshani

et al. 1996). A few other mammals appear to have a
structure similar to the human vermiform appendix,
including the wombat, South American opossum (both
marsupials), some rodents, and the rabbit. However,
extensive comparative analyses have shown that the
cecal appendixes of humans and these other mammals
were derived from the cecum independently. So these
structures are not homologous as appendixes and may
have other functions (Shoshani and McKenna 1998).
Originally, the appendix was specifically adapted for
housing bacteria and extending the time course of
digestion. The human appendix has lost this pre-
viously essential function, namely cellulose digestion.
Even though humans eat cellulose, the contribution to
cellulose digestion by both the human cecum and its
associated appendix is negligible. Therefore, during
primate evolution it has decreased in size to a mere
rudiment (Douglas 2007).

So, the appendix does not have an essential func-
tion in humans anymore and can, therefore, be safely
removed as over a century of medical evidence has
firmly shown that the removal of the human appendix
does not lead to any obvious ill effects, apart from
surgical complications.

Recent studies even show that the removal of an
appendix might protect against the development
of ulcerative colitis and reduces its recurrence
(Naganuma et al. 2001; Sandler 1998; Russel et al.
1997). It appears that appendectomy is three to five
times more common in the groups without than in
those with ulcerative colitis. Whereas studies inves-
tigating an association between ulcerative colitis and
other operations such as tonsillectomy and cholecys-
tectomy have found no relation between these inter-
ventions and the development of ulcerative colitis.
The investigators speculated that antigen-processing
lymphoid tissue in the appendix might mediate dis-
ease that is related to enteric bacteria.

In conclusion, there are no advantages in sparing
the appendix because it has lost its function of cel-
lulose digestion as found in the herbivorous cecum of
our primate ancestors. Though, complications and
costs due to the unnecessary appendectomy should be
taken into account. A possible advantage of appen-
dectomy might be the protection against the devel-
opment of ulcerative colitis.
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3 Negative Appendectomy Rates
and Diagnostic Accuracy

Acute appendicitis is a common disease which occurs
for 8.6% in men and for 6.7% in women (Addis et al.
1990). Because other diseases such as gynecological
conditions, mesenteric lymfadenopathy and gastro-
enteritis can mimic the signs of acute appendicitis, its
diagnosis remains difficult. A false positive diagnosis
will lead to an unnecessary appendectomy and a false
negative diagnosis may lead to a delayed operation,
which could cause a perforation of the appendix in the
delayed time to operation. The old school adagio
“When in doubt, cut it out”, where the diagnosis of
acute appendicitis was based on clinical findings only,
leads to 15-30 percent negative appendectomies
(Pieper and Kager 1982; Anderson et al. 1992). It is
considered that these patients with right lower
abdominal pain undergo an unnecessary operation
with all the accompanied costs, morbidity and even
mortality. Strangely though, most patients recover
well after a negative appendectomy and are relieved
of their symptoms mimicking appendicitis.

Today, ultrasound, (helical) CT-scan and diag-
nostic laparoscopy are used in patients with suspected
acute appendicitis.

Ultrasound (US) is an examination, which has been
used in the diagnosis of acute appendicitis, since
1981. The advantages are the lack of ionizing radia-
tion, relatively low costs, widespread availability and
the ability to identify many alternative causes of acute
right lower quadrant pain as ovarian cysts and urethral
stone disease (Anderson et al. 1992; Rao and Boland
1998). Sensitivity rates vary from 0.75 to 0.90,
specificity rates vary from 0.73 to 1 and accuracy
rates vary from 0.76 to 0.96 (Wilson and SR 2000;
Puylaert et al. 1987; Schwerk et al. 1990; Siegel et al.
1991; Wade et al. 1993; John et al. 1993; Rama-
chandran et al. 1996; Zielke et al. 1998; Lessin et al.
1999). It is reported that negative appendectomy rates
are reduced from 28 to 8% by using ultrasound on a
selective group of patients with suspected appendi-
citis (Bendeck et al. 2002; Puig et al. 2003). One
should realize that the above-mentioned results are
obtained by ultrasound dedicated radiologists. It

remains doubtful if these rates can also be obtained in
less specialized centers because the accuracy of US is
thought to be observer dependent. The relatively low
sensitivity rates of US indicate that US is not useful in
ruling out appendicitis and can lead to an unaccept-
able delay in operation as reported in 11.3% of the
patients (Verroken et al. 1996).

The first appendicitis seen on Computed Tomogra-
phy (CT) scan was reported by Balthazar et al. (1986).
The advantage of CT-scan is that high sensitivity
(0.87-1), specificity (0.83—1) and accuracy (0.90-0.94)
rates can be obtained (Balthazar et al. 1991; Malone
et al. 1993; Rao et al. 1997; Lane et al. 1996; Schuler
etal. 1998; Stroman et al. 1999; Kamel et al. 2000; Sivit
et al. 2000). CT-scan is, therefore, useful in both rul-
ing out and in diagnosing appendicitis and so pre-
venting unnecessary appendectomies and also
preventing patients from further delay in surgery.
Increasing the use of CT-scan on patients with sus-
pected appendicitis lowered the negative appendec-
tomy rate from 20 to 3% in arecent study and prevented
further delay in the treatment of appendicitis from 7.8
to 3.0%, reducing the complication rate from 33.3 to
21.3% in another study and is confirmed by others
(Rhea et al. 2005; Frei et al. 2008; Kim et al. 2008). The
impact of imaging on negative appendectomy rate will
be further discussed in “Impact of Imaging on Negative
Appendectomy Rate” by CA Coursey. The disadvan-
tages of CT scan are the possible unavailability on a
24 hour base, the exposure to radiation (especially in
fertile women) and allergic reactions and renal function
disorders due to IV contrast material.

Diagnostic laparoscopy has been used for many
years by gynecologists in women with acute and
chronic abdominal pain (Semm and Mettler 1980).
Since, the interest of general surgeons for laparo-
scopic surgery, diagnostic laparoscopy is also being
used for suspected acute appendicitis. The excellent
overview of the peritoneal cavity gives both infor-
mation of the appendix as well as of other organs, in
particular the internal genital organs in women. In
case of acute appendicitis, one can proceed with
laparoscopic appendectomy. Diagnostic laparoscopy
offers also the possibility of leaving the normal
appearing appendix in place. Nevertheless, diagnostic
laparoscopy is an invasive procedure, which requires
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general anesthesia and usually hospital admission
with additional costs and added morbidity. Specificity
rates of diagnostic laparoscopy range from 0.73 to 1,
achieving negative appendectomy rates from O to
13% (Kum et al. 1993; Jadallah et al. 1994; Borgstein
et al. 1997; Tijtgat et al. 1998; Moberg et al. 1998;
Barrat et al. 1999; Van den Broek et al. 2000). The
reasons for the relative high negative appendectomy
rates in some studies could be the difference in patient
selection, no visualization of the appendix, failure of
laparoscopic instruments and doubt or misinterpreta-
tion of the diagnosis appendicitis. In these studies no
patient developed signs of appendicitis in the direct
post-operative period: the sensitivity was, therefore,
one (Kum et al. 1993; Jadallah et al. 1994; Borgstein
et al. 1997; Tijtgat et al. 1998; Moberg et al. 1998;
Barrat et al. 1999; Van den Broek et al. 2000; Ure
et al. 2000; Thorell et al. 1999; Olsen et al. 1993;
Mutter et al. 1996, 1998; Connor et al. 1995; Moberg
and Montgomery 2000; Teh et al. 2000; Van den
Broek et al. 2001). Complication rates varied from 0
to 2% and include pulmonary embolism, ileus, wound
infections, lung complications and bleedings from
trocart ports. No injuries due to introduction of the
Veress needle were reported.

4 Lowering the Negative
Appendectomy Rate, at What Cost?

To justify the use of these diagnostic tools, we should
establish the cost and morbidity of removing a
normal appendix and weight this against the costs
and morbidity of these tools. The implications of
removing a normal appendix was investigated in a
Dutch study in 2003 (Bijnen et al. 2003). In 276
patients a normal appendix was removed by an open
or laparoscopic procedure. The mean hospital stay
was 4.4 days. Complications due to the unnecessary
operation as wound infections, abscesses, ileus,
hemorrhage and urine retention occurred in 6% of the
patients and in 2% of the patients a re-operation was
needed. This high complication rate is confirmed by
others (Gough et al. 1983). Comparing these results
to the patients in the same study who underwent a
diagnostic laparoscopy without removing the normal
appearing appendix shows that in these patients the
mean hospital stay was only 2 days, the complication
rate was 0.3% and the re-operation rate was 0%. No

Table 1 Hospital costs in 2003 of different procedures or
interventions

Visit emergency ward: €29
Consultation surgeon or resident: €14
Routine laboratory examination: € 14
Ultrasound: €63
CT-scan: € 88
Operation room costs diagnostic laparoscopy: € 267
Surgeon fee diagnostic laparoscopy: €47
Anaesthesiologist fee diagnostic laparoscopy: €30
One day admission: € 469
Operation room costs appendectomy: € 363
Surgeon fee appendectomy: €163
Anaesthesiologist fee appendectomy: € 54
Extra costs laparoscopic appendectomy:

Three Endoloop © EJ 10C: €93
Endocatch©: € 108
Outpatient clinic control: €44
Histopathologic examination: €24

Costs in 2003 in Euro’s, source (Bijnen et al. 2003)

patients developed acute appendicitis in the direct
post-operative period so there were no false negative
patients. Thus the unnecessary removal of a normal
appendix has considerable added morbidity and jus-
tifies the means of diagnostic tools to prevent this.
Because morbidity rates of a diagnostic laparoscopy
alone are much lower and there are no false negative
patients reported, it is worthwhile to leave the nor-
mal appearing appendix in place during diagnostic
laparoscopy.

But we should also consider the costs accompa-
nying these diagnostic tools. Hospital costs in 2003 of
different procedures or interventions derived from the
2003 Dutch study are shown in Table 1 (Bijnen et al.
2003). Apparently the removal of a normal appendix
will cost € 2,712. According to the Dutch network and
national database for Pathology (PALGA), 2,285
negative appendectomies are performed yearly in The
Netherlands. Thus the negative appendectomies will
cost the Dutch society € 6,196,920 per year. The
economic loss due to sick leave after hospital dis-
charge is more difficult to calculate but should be
added to this amount.

So there are at least two important reasons to try
to lower the number of negative appendectomies,
namely preventing complications and reducing costs.
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One way to reduce the percentage of negative
appendectomies is to first observe all patients in
whom the diagnosis is “not clinically evident”
(Jones 2001a). This, however, could lead to delay in
the diagnosis and treatment of acute appendicitis.
Another solution could be the use of extra diagnostic
tools. The cost-efficiency of the routine use of such
diagnostic procedures depends upon their sensitivity,
specificity and costs. For example, if we aim for
budget neutrality and calculate € 2,712 as additional
costs for the removal of a normal appendix, a
maximum of 2712/63 (43) ultrasounds, 2712/88 (31)
CT-scans or 2712/1282 (2) diagnostic laparoscopies
could be used in order to prevent one negative
appendectomy (Bijnen et al. 2003). These are of
course theoretical estimates, as many other factors
such as the potential consequences of a perforation
due to delayed operation are not taken into account.
It illustrates, however, that especially if one uses
diagnostic laparoscopy without removing the
appendix laparoscopically, the cost-efficiency could
greatly gain by a selective application to a subset of
patients in which the diagnosis is not clinically
evident. Routine CT-scan for patients with suspected
appendicitis though improves patient care and
reduces the use of hospital resources and total costs
in another study (Rao et al. 1998). It remains
questionable, however, if it is justified to routinely
impose a large group of women in the childbearing
age to a radiation. The majority of negative appen-
dectomies are performed in women of 15-50 years.
This reflects the differential diagnostic difficulty in
fertile women. For this reason, others advise to
routinely perform a diagnostic laparoscopy in
women of the childbearing age with suspected acute
appendicitis but in men its use is not recommended
(Borgstein et al. 1997; Mutter et al. 1996). However,
a considerable number of normal appendices are also
removed in pre-menarche children and in men. Also
in these latter subsets the diagnosis is apparently not
always obvious. The feasibility of identifying such
subsets other than based on gender is demonstrated
in other studies using scoring systems (van den
Broek et al. 2002).

In the ideal situation, diagnostic tools should lower
the negative appendectomy rate without increasing
the delayed appendectomy rate. Considering the
above aspects of our today’s diagnostic tools I would
recommend the following strategy for patients with

suspected acute appendicitis. If on clinical grounds
there is doubt about the diagnosis in a patient with
right lower abdominal pain we should proceed with
further diagnostic tools. When a skilled radiologist is
available, ultrasound is the investigation of first
choice because it is relatively cheap, non-invasive and
not using ionizing radiation. If an inflamed appendix
is found, one should proceed with appendectomy but
if acute appendicitis could not be confirmed, one
should continue with further investigations or careful
observation. Helical CT-scan and diagnostic laparos-
copy should be considered. When available, helical
CT-scan can be performed for either ruling out or
confirming acute appendicitis. The negative effects of
the ionizing radiation of the CT-scan should be
weighed against the negative effects of diagnostic
laparoscopy, which is relatively expensive, invasive
and needs hospital admission. Especially in fertile
women, diagnostic laparoscopy is of value because
gynecological disorders, mimicking acute appendici-
tis, can be recognized easily.

5 The Normal Appendix and What
to Do with it?

Performing a diagnostic laparoscopy for suspected
acute appendicitis confronts the surgeon with a
dilemma. In the “open” era, the normal looking
appendix found during exploration has been
removed routinely because the presence of the typ-
ical scar in the right lower abdominal quadrant
might cause confusion about the diagnosis in the
future. Nowadays, diagnostic laparoscopy leaves us
the opportunity for leaving the normal appearing
appendix in place. Although, not removing an organ
and just establishing a diagnosis is not a natural
thing to do for a surgeon, this strategy might have
advantages, considering the accompanied morbidity
of removing a normal appendix, as mentioned
before. During laparoscopy a normal appendix can
be easily identified as a white, non-swollen, flexible
appendix, whereas, the inflamed appendix is red,
covered with fibrin, swollen and not flexible (Figs. 1
and 2). Also fluids or pus might be present in the
abdominal cavity as signs of perforation. Other
diagnoses as a Meckel’s diverticulum, ovarian cysts,
salpingitis, extra uterine gravidity or Crohn’s disease
are also easily established.
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Fig. 1 A normal appendix seen by laparoscopy

As in daily life though, the definition of normal
might not be that easy. Some surgeons advocate
leaving the normal appearing appendix in place for
the above mentioned benefits as others stress that the
macroscopic normal appearing appendix should be
removed because the surgeon’s ability of diagnosing a
normal appendix might not be adequate, the normal
appendix might contain other diseases as neoplasms
or the normal appendix might have neurogenic or
other pathological conditions at histological exami-
nation that could have caused the patient’s symptoms
of right lower abdominal pain.

A review article, published in 2000, analyzed 54
studies in which a total of 4,281 laparoscopies were
performed resulting in 2,683 (63%) appendectomies.
In 1,598 (37%) cases the normal appearing appendix
was left in place (Kraemer et al. 2000). There were
only nine (0.2%) false negative diagnosis reported
which resulted in two re-laparotomies. These re-lap-
arotomies occurred in the period between 1975 and
1979 and it was concluded that it was caused by the
relative lack of experience of laparoscopy where
the top of the appendix was not clearly visualized.
The other five false negative appendices were judged
as normal during laparoscopy but despite these find-
ings they were still removed. These appendices
appeared to be macroscopically normal but showed
histological signs of inflammation. Based on these
findings it was concluded that it is safe to leave a
normal appearing appendix in situ during laparoscopy
for suspected acute appendicitis. In another study
there were 109 normal appearing appendices left in
place (Van den Broek et al. 2001). In 65 (60%)
patients there was another diagnosis obtained during

Fig. 2 An inflamed appendix seen by laparoscopy

laparoscopy and in the remaining 44 (40%) patients
no other diagnosis was found explaining the right
lower quadrant abdominal pain. There were no false
negative patients in the direct postoperative period but
at a latter point in time eight patients underwent an
appendectomy where in only one patient a histologi-
cal inflamed appendix was removed. After a median
follow up period of 4.4 years, nine patients still
complained of recurrent pain in the right lower
abdominal quadrant. There were no differences
between patients in which another diagnosis
was obtained and patients where no other diagno-
sis was found during laparoscopy. Also in this study it
was concluded that is safe to leave a normal appendix
in situ. These results are confirmed in another study
where in 21 children the normal appendix was left in
place (Dingemann et al. 2009). There were no false
negative diagnosis and only one child had still
recurrent abdominal pain during follow up but refused
further diagnostic procedures or interventions.

On the other hand, others claim that a normal
appearing appendix might not be normal at histolog-
ical examination and should, therefore, not be left in
place. In a retrospective study of 7,767 patients who
underwent appendectomy for suspected acute appen-
dicitis there were 37 (0.5%) carcinoid tumors found in
normal appearing appendices during operation
(Shapiro et al. 2010). When a strategy of leaving the
normal appendix in place was performed there would
be a delay in the diagnosis of a malignant disease.
Also, a clinical entity as Neurogenic Appendicopathy
has been suggested by others, based on the
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histological findings in 282 appendices where, based
on hematoxylin-eosin staining, in 3,8% of the patients
with acute appendicitis and in 47% of the patients
with a normal appearing appendix the diagnosis
neurogenic appendicopathy was established. The
clinical importance of these findings was not reported
(Franke et al. 2002). It is also shown that TNFa and
IL-2 mRNA expression, as markers of inflammation
of an appendix, are elevated in normally judged
appendices (Wang et al. 1996). The clinical impor-
tance of these findings remains also unclear.

The reliability of the surgeon in establishing the
correct diagnosis during operation has also been dis-
cussed. In a study of 1,225 appendices, which were
removed, for suspected acute appendicitis there were
46 (3.8%) abnormal diagnosis revealed. In only two
(two carcinoid tumors) these were recognized during
operation (Jones et al. 2007). In 24 patients the
abnormal diagnosis was clinically significant and
consisted of adenocarcinoma’s, carcinoid tumors,
cystadenoma’s, Crohn’s disease and parasite infec-
tions. The authors concluded that intra-operative
detection of abnormal appendices by the surgeon is
unreliable and supports the sending of all appendec-
tomy specimens for routine histopathological analy-
sis. Others confirm these pathological findings where
in a study of 876 patients 13 neoplastic lesions were
not recognized by the surgeon (Roberts et al. 2008).
This would imply that a normal appearing appendix
judged by the surgeon might contain a clinically
relevant diagnosis and should, therefore, not be left
in situ.

Because in the large clinical studies false-negative
laparoscopies are rare we may conclude that it is safe
to leave a normal appendix in place to avoid added
morbidity and costs as seen with removal of a normal
appendix. Symptoms mimicking acute appendicitis
are probably due to self-limiting diseases, such as
gastro-enteritis. If an entity as endo-appendicitis or
neurogenic appendicopathy exists the clinical impor-
tance remains unclear. The endo-appendicitis may be
cured by a dose of 500 mg Metronidazole, usually
given during the laparoscopy, or does not need further
therapy at all.

One should realize though that in some patholog-
ical studies the correct diagnosis by the surgeon was
not established. Therefore, care should be taken to not
miss a diagnosis that needs further therapy such as
carcinoid tumors which appear in 0,5% of the non-

inflamed appendices. So, “when in doubt, during
laparoscopy, take it out”, should be the advice. Dur-
ing long-term follow the chance of developing
appendicitis appears to be no higher than in a normal
population. So there can be no rational reason for a
“prophylactic appendectomy”.

6 Changing Aspects in Treatment
of Acute Appendicitis

In all the above we assume that we should lower the
negative appendectomy rate to prevent an unnecessary
operation. As acute appendicitis is a potential life-
threatening disease we should perform an appendec-
tomy when the diagnosis appendicitis is established.
But nowadays, even this logical assumption is ques-
tion of debate. In a recent study, 369 patients with
appendicitis were randomized between appendectomy
and treatment with antibiotics. Major complications
were threefold higher in patients who had an appen-
dectomy and it was concluded that antibiotic treat-
ment is a safe first-line therapy in unselected patients
with acute appendicitis (Hansson et al. 2009). If
treatment with antibiotics will be the standard care for
patients with acute appendicitis we don’t have to
worry about negative appendectomy rates anymore.
The treatment of acute appendicitis including antibi-
otic treatment is further discussed in “Laparoscopy
and Laparotomy” and “Treatment of Appendiceal
Perforation ”. The future, and more randomized trials,
will provide us the data for optimizing the standard
care for patients with suspected acute appendicitis.
In the mean time we should lower the negative
appendectomy rates by selectively applying our new
diagnostic tools.
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Abstract

The mainstay for management of acute appendi-
citis is appendicectomy. Apart from clinical
judgement, radiological modalities such as ultra-
sound, computerized tomography (CT) and mag-
netic resonance imaging (MRI) may aid in the
diagnosis of appendicitis. Prior optimization of the
patient with analgesia, fluid resuscitation and
antibiotics are adjuncts for a smooth recovery.
Pre-operative antibiotic prophylaxis is generally
considered for all cases and a post-operative course
of intravenous/oral antibiotics for cases of com-
plicated appendicitis including those presenting
with gangrene or perforation. Peri-operative anti-
biotic guidelines have been set for paediatric
patients. Antibiotic treatment alone may be con-
sidered in special circumstances where surgery is
either contraindicated or not feasible. Traditional
open surgery and minimal invasive surgery such as
laparoscopic appendicectomy are currently the
procedures of choice. Evidence from randomized
trials and meta-analyses suggest some benefits of
the laparoscopic approach such as decreased length
of stay, earlier recovery and return to work and
lower incidence of superficial wound infections.
Newer treatment modalities such as Single Incision
Laparoscopic Surgery (SILS) and Natural orifice
transluminal endoscopic surgery (NOTES) are
currently being developed.
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1 Introduction

Reginald Fitz first described appendicitis in 1886
(Fitz 1886). Acute appendicitis still remains the most
common intra-abdominal surgical emergency. The
definitive treatment of acute appendicitis is appen-
dicectomy. The first published report of an appen-
dicectomy was in 1887 by Thomas Morton who
diagnosed appendicitis, drained the abscess and
removed the appendix (O’Connell 2004). Since, then
appendicectomy has come a long way with surgeons
describing variations in the type of incision, excision
of the appendix from its attachment to the caecum
and recently minimally invasive approach to
appendicectomy. However, despite numerous ran-
domized trials, prospective studies and case series,
there seems to be no universal consensus on the best
approach to appendicectomy. Ironically, this is still
the most commonly performed emergency surgical
procedure.

2 Treatment

2.1 General Treatment

Supportive management is the first step in the man-

agement of any acute abdominal condition. If and

when the diagnosis of appendicitis has been estab-

lished efforts should be made to undertake appendi-

cectomy promptly. In the interim, supportive

management should be established as follows:

1. Admit the patient and establish intravenous (IV)
access

2. Administer intravenous fluid resuscitation, anti-
emetic therapy and analgesia

3. Monitor observations such as pulse, blood pres-
sure, temperature and urine output as indicated

4. Observe for signs or symptoms of differential
diagnoses

5. Inform the anaesthetic team and theatre co-ordi-
nator to prepare for surgery

6. Commence antibiotics once the diagnosis is
established

7. Re-assess the clinical situation frequently in order
to be able to change priorities at any stage during
management.

2.2 Specific Treatment

2.2.1 Appendicectomy

The mainstay of treatment of acute appendicitis is
appendicectomy (O’Connell 2004). This is to prevent
the morbidity associated with peritonitis where the app-
endix becomes gangrenous or is perforated. Although
appendicectomy is undertaken as an emergency, prior
resuscitation of the patient is of vital importance.

2.2.1.1 Open Appendicectomy

Appendicectomy is performed in an operating theatre
under general anaesthesia. The patient is consented
prior to the anaesthetic. Open appendicectomy
remained the gold standard treatment for almost a
century (O’Connell 2004). Different incisions have
been described (Fig. 1). The McBurney’s point is
identified, named after Charles McBurney who
described the symptoms of appendicitis and demon-
strated the point of maximal tenderness (McBurney
1894). This is a point lying on an imaginary line drawn
from the umbilicus to the anterior superior iliac spine
and divides the line into medial two-thirds and lateral
one-thirds. The classical or ‘gridiron’ incision in cen-
tered over the McBurney’s point right at angles to the
imaginary line mentioned above. This is so called due
to its resemblance to a framework of cross beams or
‘grid iron’. Following skin and subcutaneous fat inci-
sion, the external oblique sheath is incised in line of its
fibers and the muscles (internal oblique and transversus
abdominis) are split. If required, these muscles are cut
along the line of the incision to give better retraction
and access to the peritoneal cavity. This is called the
Rutherford Morison modification. The most popular
incision however is a cosmetic transverse incision
described by Otto Lanz (O’Connell 2004). The ‘Lanz’
incision is a skin crease incision. This is centered on a
line joining the mid-point of the right clavicle and the
mid-inguinal point on the right side, about 2 cm below
the level of the umbilicus. In cases where doubt exists
in relation to the diagnosis of appendicitis a lower
midline incision can be beneficial providing access to
the pelvis with ease of extension if required. A right
paramedian incision has been used historically but is
now rarely employed. This is due to the fact that a
paramedian incision tends to weaken the muscles
resulting in atrophy as well as exposing the inferior
epigastric vessels to potential injury. Each of the above
mentioned incisions has its own benefits and
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Fig. 1 Incisions described a —
for open approach to
appendicectomy a Gridiron
incision centered on
McBurney’s point b Lanz
incision centred on a line from
mid-inguinal point to the
center of the clavicle, placed
about 2 cm below the o
umbilicus

S—

disadvantages. The gridiron incision provides good
access but results in an unsightly scar. The Lanz inci-
sion is more cosmetic, however difficulty arises in case
of a superiorly lying appendicular base.

Once the peritoneum is opened, the appendix is
identified by locating the caecum as the lateral most
structure and following the Taenia Coli to the base of
the appendix. Although different positions of the
appendix have been described such as pelvic, pre-ileal
and post-ileal, the appendix can lie in any position as it
is fixed only by its base with its free end mobile along
the arc. From a surgical point of view, a retro-caecal
appendix poses a challenge as it is difficult to approach
and dissect the appendix. Once the appendix is iden-
tified and freed, the next step is to deliver it through
the wound and gain control over the blood supply. The
appendicular artery is an end-artery arising from the
ileo-colic vessel. The vessel lies in the mesoappendix
and is clipped, cut and tied in a stepwise manner
through the mesoappendix to the appendix base. It is
important to note that the mesoappendix may be
thickened in case of severe, or long standing, infection
making it friable. The base of the appendix is then
crushed and then clamped distal to the crushed area.
A ligature is secured at the crushed area and the
appendix is separated distally with a sharp knife. Some
surgeons prefer to bury the appendicular stump in a
purse string suture applied around the junction of the
appendix with the caecum (Figs. 3 and 4).

2.2.2 Variations
Caution should be exercised in case of edema of the
caecal wall as a purse string suture may cut-through.

In case of gangrenous appendicitis the base should not
be crushed, but ligated. In case of a perforation at the
base of the appendix, sutures should be used to close
the caecal defect which should be applied prior to
disconnection of the appendix. In presence of severe
inflammation with a thickened mesoappendix or if the
appendix is retrocaecal, one may undertake a retro-
grade appendicectomy. Here, a window is created in
the mesoappendix at the base of the appendix and the
appendix is amputated from the caecum. Then the rest
of the appendix is carefully dissected and delivered.
In extreme cases, partial caecectomy or even ileo-
caecal resection may be required.

Once the appendicectomy is completed, the spec-
imen is sent for histological examination. Hemostasis
is achieved using diathermy or ligatures. In the
presence of pus or contamination of the peritoneal
cavity, a peritoneal toilet or wash-out should be
undertaken. The peritoneum is closed using a con-
tinuous suture, although some surgeons choose not to
close it. The muscles are approximated and the
external oblique is closed. This is the most important
layer for closure. The skin may be closed using
interrupted stitches or continuous subcuticular sutures
for cosmesis. In the presence of severe infection, one
may choose to allow healing by secondary intention
and only approximate the skin with interrupted
sutures with a gauze wick soaked in antiseptic solu-
tion placed between sutures.

2.2.3 Laparoscopic Appendicectomy
Laparoscopic appendicectomy was first described and
performed by Semm (1983), a gynaecologist. Since
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Fig. 2 Variations in sites and
sizes of ports for laparoscopic
appendicectomy

then, laparoscopic appendicectomy (LA) has been
extensively studied and evaluated against the tradi-
tional open approach. With the rapid uptake of min-
imally invasive surgery (MIS) for cholecystectomy
and colorectal surgery, there have been significant
improvements in the techniques, instruments and
expertise of surgeons all over the world. This has
made laparoscopic appendicectomy a safe procedure
even in the paediatric patient (Faiz et al. 2008a).
Laparoscopy is also invaluable as a diagnostic tool,
especially in women of reproductive age-group as it
enables direct visualization of the uterus, ovaries and
fallopian tubes.

The patient is consented for LA with the risk of
conversion to open surgery clearly documented and
explained to the patient. The procedure is performed
under a general anaesthetic with the legs either together
or in Lloyd-Davies position. Although different
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variations in position of ports are described, the sur-
geon is generally standing to the left of the patient with
the assistant to the surgeon’s right hand side. The
creation of pneumoperitoneum is undertaken either
blindly using a Verres needle or by the open Hasson
technique. Different combinations of the sizes and
locations of ports are shown in Fig. 2. Moderate
Trendenlenburg position (head down) with a tilt to the
left promotes easy shift of small bowel from the sur-
gical field. A thorough diagnostic laparoscopy is
undertaken and diagnosis of appendicitis is estab-
lished. The appendix is located as in open approach by
following the taenia coli. A window is created in the
mesoappendix and the appendicular vessels are either
coagulated or clipped and cut. Once the appendix is
free from the mesentery, the base is ligated using a loop
suture or a linear stapling device. The specimen
is delivered in a bag and sent for histology.
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Fig. 3 Important steps in appendicectomy a Identification and
dissection of appendix and mesoappendix b Ligation of
appendicular artery and branches in the mesopappendix
¢ Crushing the base of the appendix and reapplying clamp

The abdominal cavity is inspected for hemostasis and
peritoneal irrigation is carried out if necessary. In
women, if not performed earlier, an inspection of the
reproductive organs is done. Each port is withdrawn
carefully inspecting for bleeding and closed in layers.
Large port sites need closure of the sheath to prevent
herniation in future.

2.24 Laparoscopic Versus Open
Appendicectomy

During first half of the 20th century almost 16% of the
population in Europe, America and Autralasia
underwent appendicectomy for suspected acute
appendicitis (O’Connell 2004). However, the inci-
dence has fallen dramatically; especially in the
developed nations and currently 6-8% of the
population undergo an appendicectomy in their
lifetime (Sauerland et al. 2010; Faiz et al. 2008b).

distally d Ligature across the base of appendix and excision of
specimen e Excision by cutting between two ligatures (usually
laparoscopically) f Burying the appendicular stump with a
purse string suture

The diagnosis and management of appendicitis has
been improved with the introduction of newer and
better imaging modalities and minimally invasive
surgery. Laparoscopic appendicectomy, although
popular, has not yet gained widespread acceptance as
the gold standard. Although initial studies demon-
strated equivocal results from the two surgical
approaches, recent large studies have suggested
potential advantages of laparoscopic appendicectomy
with regard to length of stay and early return to work
(Sauerland et al. 2010; Page et al. 2010; Kouhia et al.
2010). The benefits of the laparoscopic approach with
regard to post-operative pain, time to recovery and
earlier discharge have also been clearly demonstrated
in cholecystectomy and colorectal resection (Ballal
et al. 2009; Faiz et al. 2009; Jayne et al. 2007; Braga
et al. 2002; Uchiyama et al. 2004). There are various
issues surrounding the inability of studies to
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Abdominal
Pain

: Suspected or
No conclusive Other cause Confirmed
diagnosis identified diagnosis of
Acute
1 Appendicitis

Clinical review
Bloods: WBC, CRP
Urine

Treat accordingly

Surgical
Management

(Appendicectomy)

Radiological
Investigations

USS / CT / MRI

Laparoscopic Open

Fig. 4 Suggested management strategies for a patient present-
ing with abdominal pain suspected to be appendicitis

conclusively establish the benefit of laparoscopic
versus open appendicectomy. Firstly, the target pop-
ulation for laparoscopy for lower abdominal pain is
generally young, fertile women. To conduct a ran-
domized controlled trial in this particular cohort of
patients with a sample size large enough to detect
small differences in complication rates is difficult.
Secondly, emergency appendicectomy is often
undertaken by trainees and there may be reluctance
among senior surgeons to permit trainees to perform
unsupervised laparoscopic procedures. A systematic
review by Kapischke et al. (2006) demonstrated that
in many studies, the more experienced surgeon per-
formed laparoscopic appendicectomy when compared
to those that performed open surgery during the
course of the study. The same study also showed
variation in the number of surgeons in a trial per-
forming laparoscopic surgery. This leads to variation
in the operative time and other outcomes for laparo-
scopic appendicectomy depending on the expertise
and level of the surgeon.

2.2.,5 Diagnostic Laparoscopy

The extent of exposure achievable by laparoscopy
offers an ability to undertake a complete peritoneal
survey. Laparoscopy is certainly gaining popularity in
the diagnostic investigation of chronic right iliac fossa
pain (Siriwardana et al. 2010; Onders 2003).
Although the merits of excision of a normal looking
appendix are debatable, studies have demonstrated

microscopic abnormality in a significant proportion of
patients who underwent removal of a macroscopically
normal looking appendix (Panchalingam et al. 2005;
Lyons et al. 2001). The use of laparoscopy as a
diagnostic tool has been suggested to reduce the
incidence of negative appendicectomy. However, a
large national study demonstrated that in England,
patients treated in a National Health Service hospital,
surgeons tended toward removing the macroscopi-
cally normal appendix (Faiz et al. 2008b). The neg-
ative appendicectomy rate has been shown to vary
from 15 to 25% in the literature (Gandy et al. 2010;
Flum and Koepsell 2002; Humes and Simpson 2006;
Ma et al. 2010). Concerns regarding the associated
morbidity arising following surgery for removal of a
normal appendix have been raised as the overall
complication rates following negative appendicec-
tomy are similar to those following removal of an
inflamed appendix (Varadhan et al. 2010). However,
septic complications are higher in the cases where
appendix is inflamed or perforated.

2.2.6 Infective Complications

Infective complications following appendicectomy
include surgical site infection (SSI), deep wound
infection and deep or organ space infection (OSI)
such as an intra-abdominal abscess. The incidence
of these complications is higher in cases of compli-
cated appendicitis such as perforation or gangrene.
A Cochrane review and other large studies have dem-
onstrated that wound infections were half as likely after
laparoscopic appendicectomy as compared to open
surgery; however, laparoscopic surgery was associated
with higher incidence of intra-abdominal abscess
(Sauerland et al. 2010; Page et al. 2010; Ingraham et al.
2010). Randomized trials have also supported this
finding and described lower rates of wound infection
and better cosmesis with laparoscopic appendicectomy
(Pedersen et al. 2001). It has been postulated that
inability to visualize or clearly identify the base of the
appendix in a case of perforated appendicitis may
contribute toward higher OSI in the laparoscopic group
(Bennett et al. 2007). Also, dissemination of the
infection due to pneumoperitoneum may be a con-
tributing factor. A very large American study sug-
gested the increased risk of OSI with laparoscopic
appendicectomy depends on patient characteristics and
there may be a specific cohort of patients in whom this
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higher risk is overshadowed by other potential benefits
of laparoscopy (Fleming et al. 2010).

2.2.7 Length of Stay

Length of stay (LOS) is an outcome of relevance to
both surgeons and managers alike. A frequently cited
benefit of minimal access surgery is an associated
reduction in LOS. In appendicectomy, however,
studies have not demonstrated an unequivocal
reduction in LOS following utilization of the laparo-
scopic approach. Although large studies have shown a
significant shorter LOS after laparoscopic appendi-
cectomy (Faiz et al. 2008), the number of re-admis-
sions following surgery is higher in this cohort. In
hospitals with a longer than average LOS after open
appendicectomy, a significant reduction in LOS is
seen with a laparoscopic approach. However, centres
that already have a short LOS after open surgery,
demonstrate no difference (Sauerland et al. 2010;
Pedersen et al. 2001). Laparoscopic appendicectomy
is a higher cost operative procedure than the open
approach (McCabhill et al. 1996; Ali et al. 2010). This
combined with increase in re-admissions has serious
economic implications. However, with increasing
surgeon experience, operative time and costs have
been shown to be lower as compared to a few years
ago. This combined with shorter LOS and early return
to work, may offset the higher cost of equipment in
the longer run (Korndorffer et al. 2010).

2.2.8 Morbidity

Laparoscopic appendicectomy has been found to be
associated with an overall lower risk of morbidity
when compared with the open approach (Ingraham
et al. 2010). This may be explained in part by the fact
that minimal access surgery is generally associated
with reduced surgical trauma and a diminished stress
response (Madbouly et al. 2010; Saenz et al. 2007).
The majority of studies in the past have reported
longer operating times associated with the laparo-
scopic approach. However, with changing surgical
practice and training laparoscopic expertise is
increasing and operative times for open and laparo-
scopic appendicectomy are reaching comparable
levels (Page et al. 2010). However, the fact cannot be
discounted that the more difficult and complicated
appendicectomies are performed using the open
approach (Page et al. 2010).

In centres with the facilities and expertise for
laparoscopic surgery, this may be considered as the
option of choice in the absence of contraindications to
laparoscopy. Its validity is most recogonizable in
cases where diagnostic uncertainty exists. Laparo-
scopic appendicectomy is yet to be established as the
gold standard for management of acute appendicitis.
In selected patient groups such as young females or
obese patients, there may be an added advantage of
using the laparoscopic approach.

2.2.9 Rare Presentations of Appendicitis

A left-sided appendix occurs in about 0.2% of adult
population (Bedoui et al. 2009). Patients with intestinal
malrotation or situs invertus may present with left-sided
abdominal pain and appendicitis. Radiological modali-
ties such as Computerised Tomography (CT) Scan are
beneficial in such cases as is a diagnostic laparoscopy.
Retroperitoneal abscess formation may occur with a
perforated appendicitis, however, Diana et al. (2010)
have reported a case of rectal perforation and hepatic
portal venous gas associated with necrotizing appendi-
citis. Another important yet rare complication after an
appendicectomy is stump appendicitis which is
re-inflammation of the residual tissue. It is postulated
that a stump that is left too long is the most common
aetiology for this pathology. Various case reports have
been published, however, due to its rarity there has been
no quantification of its incidence. Currently just under
forty cases have been identified in English literature
(O’Leary et al. 2010). Appendicitis may also present as
small bowel obstruction and this may be due to a para-
Iytic ileus or even a mechanical obstruction. A radiol-
ogist may achieve this diagnosis on the basis of a CT
scan, however, the diagnosis may not be apparent until
the patient undergoes a laparotomy. De Garengeot first
described a case of acute appendicitis in a femoral
hernia (Sharma et al. 2007). Fortunately the appendix is
found in an abdominal wall hernia in less than 1%
of cases (See Fig.2 in “Historical Background,
Anatomy and Function, Etiology and Epidemiology”
of this volume).

2.2.10 Antibiotics in Appendicitis

Conservative treatment of acute appendicitis with
antibiotic therapy has been suggested in the past.
Various studies have attempted to compare the out-
come among patients with appendicitis treated only
with antibiotic therapy with those undergoing
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Table 1 Summary of guidelines based on a systematic review by the American Pediatric Surgical Association Outcomes and

Clinical Trials Committee

Pathology Evidence®  Antibiotics
Non-perforated Grade A Broad-spectrum antibiotics
Appendicitis

Perforated Grade B Broad spectrum, single or
Appendicitis double agent

Non-surgical Grade D Broad-spectrum IV

Management antibiotics

Timing/Duration

Pre-operative

5 day IV antibiotics OR 7 day IV + Oral antibiotics

Based on clinical criteria, such as fever, pain, return of bowel
function, and WBC count

* Evidence—Grade A (>=two large prospective randomized controlled trials or meta-analysis)
Grade B (1 = one large prospective randomized controlled trials or meta-analysis)

Grade C (Small randomized trials with uncertain results)
Grade D (>=one non-randomized trial with controls)

Grade E (Expert opinion, case reports, uncontrolled studies) (Howdieshell et al. 2006; Mazuski et al. 2002)

appendicectomy (Eriksson and Granstrom 1995;
Hansson et al. 2009; Styrud et al. 2006). Evidence
suggests that antibiotics may be safely used as an
alternative to surgery in selected patients with appen-
dicitis where perforation or peritonitis has been care-
fully excluded. A meta-analysis of randomized
controlled trials has shown that only 68% of patients
randomized to the antibiotic group were successfully
treated with antibiotics alone with a 15% re-admission
rate (Varadhan et al. 2010). The remaining 32% of
patients initially treated with antibiotics required sur-
gery either during same admission or at a later date.
Thus currently there is no strong evidence suggesting
that antibiotics offer a safe and definite alternative to
surgery. Appendicectomy, therefore, remains the gold
standard treatment for simple and complicated
appendicitis. The role of antibiotic therapy alone is
restricted to special circumstances where surgery is
either too risky or otherwise contraindicated.
Antibiotic prophylaxis is one of many measures
considered to reduce post-operative morbidity such as
infective complications. Whether the operation is
clean, contaminated or clean-contaminated there are
currently no definitive guidelines as to prescription of
antibiotics in adult population. Antibiotic therapy in
the pre, intra or post-operative management of acute
appendicitis has been shown to reduce the risk of
post-operative wound infection and intra-abdominal
septic complications (Andersen et al. 2005; Winslow
et al. 1983; Lee et al. 2010). Although debate is
ongoing whether antibiotics are beneficial in only
complicated appendicitis such as perforation or
gangrene of the appendix, some surgeons choose to
prescribe antibiotics in cases of simple appendicitis.
In case of appendicitis in paediatric patients, the

American Pediatric Surgical Association Outcomes
and Clinical Trials Committee published guidelines
based on a systematic review (Lee et al. 2010). This
report suggested that children with non-perforated
appendicitis should receive preoperative, broad-
spectrum antibiotics. They also recommended that in
patients with perforated appendicitis, the duration of
broad-spectrum, intravenous antibiotics should be
based on clinical symptoms. The summary of these
recommendations are shown in Table 1.

2.2.11 Newer Advances in Minimal Access
Appendicectomy

Since first being described, laparoscopic or minimal
access surgery has seen significant advances in the
techniques and instrumentation. Improvements in the
ergonomic properties of instruments, higher definition
cameras and hemostatic and stapling devices have
made minimal access surgery faster and less chal-
lenging than a decade ago. The two principal advan-
ces in minimally invasive appendicectomy have been
Single Incision Laparoscopic Surgery (SILS) and
Natural Orifice Transluminal Endoscopic Surgery
(NOTES). Although there is still a long way to go
before these procedures are widely performed, there is
an increasing popularity for incision-less surgery
among patients and surgeons.

2.2.12 Single Incision Laparoscopic Surgery

Advances in surgery are often driven by an attempt to
reduce post-operative LOS, pain and improve
cosmesis. Single Incision Laparoscopic Surgery
(SILS) is an innovation that allows minimal access
surgery to be performed through a single umbilical
incision (Chow et al. 2010). SILS has been shown to
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be effective and safe for operations, such as tubal
ligation, hysterectomy, appendicectomy, cholecys-
tectomy, sleeve gastrectomy, colectomy and
nephrectomy (Chow et al. 2010). To date, however,
evidence is available from small trials and case series.
Results from large prospective randomized controlled
trials are yet to establish the benefits of this proce-
dure. The potential advantages over other approaches
for SILS are proposed as reduced port site compli-
cations, diminished post-operative pain and reduction
in post-operative length of stay (Ahmed et al. 2011).
The unique selling point to this approach is, however,
that SILS offers virtual “scarless surgery”, thereby
proving popular with some patients.

In this procedure, the anaesthesia and patient
position are similar to conventional laparoscopic
surgery. The umbilicus is everted and incised
between stay sutures taking care to not damage the
umbilical ring. Once the fascia is incised, the peri-
toneum is entered under direct vision. A special
SILS port with multiple entry sites is used or con-
ventional ports are inserted using the same skin
incision but different entry sites in the fascia. Con-
ventional instruments may be used by experienced
surgeons, specially designed ergonomic instruments
that can roticulate and/or flex may be used for ease.
Retraction in SILS is usually a strong suture on a
straight needle that is used to hitch the required
tissue up against the abdominal wall. The actual
process of dissection and removal of the appendix
varies among surgeons. Loops, linear staples or
sutures may be used as per availability and prefer-
ence. Closure of the fascia needs careful attention as
multiple port sites may be present. The skin is
closed in a manner in which the incision is hidden
inside the umbilicus giving the ‘scarless’ appearance.
SILS is not a naturally ergonomic technique
(Chow et al. 2010). The surgeon has to adapt to
operate in a mirror image because his right-hand
instrument may control the left-sided instrument on
screen and vice versa. The traditional laparoscopic
principals of triangulation are also lost due to the
shared access points of the camera and instruments.
This can, however, be offset by the use of angled
laparoscopes or flexible endoscopes.

SILS- appendicectomy has been shown to be safe
even in the paediatric population (Chandler and
Danielson 2010; Tam et al. 2010). Outcomes have
been shown to be comparable with conventional

laparoscopic surgery with the added advantage of
cosmesis. Using the conventional instruments and
reducing the number of ports may seem a cost-
effective strategy. However, specifically designed
instruments and ports for use in SILS are currently
more expensive and this may ultimately determine its
uptake. This is a developing technique and well
designed prospective trials are needed to demonstrate
the superiority of this technique over conventional
methods.

2.2.13 Natural Orifice Transluminal
Endoscopic Surgery

Natural orifice transluminal endoscopic surgery is a
technique that utilizes the body’s natural orifices
(mouth, anus, vagina and urethra) to access the
abdominal cavity. The concept is based upon avoid-
ance of the complications associated with abdominal
incisions such as wound infection, pain, hernias and
also to minimize adhesion formation (Sodergren et al.
2009). The majority of the evidence currently available
is from studies on porcine models; however, various
series have been published recently from different
centres from across the world. Natural orifice translu-
minal endoscopic surgery (NOTES) is currently at a
very early stage of development, but the literature
published about this approach has exponentially
increased over the last few years. Currently the pro-
cedures that have been performed via this approach are
cholecystectomy, nephrectomy, appendicectomy,
colectomy and distal pancreatectomy. It is too early to
quantify the morbidity associated with this procedure
as the number of cases performed on human subjects is
currently small. The transvaginal approach is probably
the most developed in human series, but the transgas-
trically approach also holds future promise. Appendi-
cectomy via the NOTES approach has been described
both transgastric and transvaginally (Palanivelu et al.
2008; Rao et al. 2008). Some surgeons choose a hybrid
variety where a trans-abdominal or umbilical port is
inserted for further ease of dissection or retraction.
NOTES is currently under review and it may be a few
years before this procedure becomes a common
surgical practice.

2.2.14 Appendicits in Pregnancy

It is estimated that about 1 in 500-1 in 635 women
undergo non-obstetrical abdominal surgery during
their pregnancy (Yumi 2008). Acute appendicitis is
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the most common indication for surgery in this group
with a reported incidence of about 1 in 1,440 preg-
nancies (Walsh et al. 2008). This condition poses a
diagnostic challenge due to the changes in the phys-
iology as well as intra-abdominal anatomy as the
gravid uterus increases in size. Patients often present
with atypical symptoms. There is also an attempt to
minimize ionising radiation, leading to limited
imaging modalities being available at smaller centers.
Fetal loss and early or preterm delivery are important
and well-known risks of appendicectomy in preg-
nancy. Previously published literature has reported
fetal loss rates of 3—-15% following appendicectomy
(McGee 1989; Maslovitz et al. 2003; Ghazanfar et al.
2002; Andersen and Nielsen 1999). However, a recent
population based study by McGory et al. (2007)
demonstrated a fetal loss rate of 4%, but this was
higher in cases of complicated appendicitis (6%).
Early delivery occurred in 7% of patients following
appendicectomy in this study although older literature
from the 1980s report rates ranging between 13 and
45%. Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) published guidelines
in 2008 which suggested that laparoscopy was safe in
any trimester during pregnancy and that laparoscopic
appendicectomy (LA) could be performed safely in a
pregnant woman with appendicitis (Yumi 2008).
Laparoscopy has been shown to be beneficial in
pregnancy by reducing narcotic requirements, short-
ening length of stay and decreasing risk of thrombo-
embolic complications. LA is also noted be associated
with lower intra-operative and wound complications. It
has been suggested that the reduced need for uterine
manipulation leads to decreased irritability and lower
rates of spontaneous abortion or preterm delivery
(Yumi 2008; Curet 2000). However, two large studies
have found a fetal loss rate of 5.6-7% following LA
and around 3% following open surgery (Walsh et al.
2008; McGory et al. 2007). Overall spontaneous
abortion is higher is cases of complicated appendicitis
such as perforation, abscess formation or generalized
peritonitits. Importantly, negative appendicectomy is
also associated with a 4% fetal loss rate, highlighting
the fact that pre-operative diagnosis is of utmost
importance. Newer radiological modalities such as
MRI may contribute toward lower negative appendi-
cectomy rates in pregnant women. Imaging of pregnant
women suspected of acute appendicitis is extensively
discussed in chapter “Imaging of Acute Appendicitis

in Adults: MRI” (by C Schmid-Tannwald and A Oto)
and “Current Practice in Pregnant Women” (by T Jaffe)
of this volume.

The use of open Hasson’s technique against Verres
needle, subcostal rather than umbilical entry for the
first port and lower insufflation pressure are some
variations depending on surgeon or center. In the
absence of level 1 evidence from large randomized
controlled trials, currently there seems to be no clear
procedure of choice for approach to appendicectomy in
pregnancy. LA, if undertaken, should be performed by
a skilled and experienced surgeon only. Risks and
benefits of laparoscopy and open surgery to both
mother and fetus should be thoroughly considered. In
every pregnant woman with non-obstetric abdominal
pain, a surgical consult should be sought at the earliest.

3 Summary

This chapter attempts to provide an insight into the
available treatment modalities and surgical options
for treatment of appendicitis. The current evidence
available for choosing the surgical approach and
important steps in performing an appendicectomy has
been discussed. Benefits of minimally invasive sur-
gery such as laparoscopy and its role in special cir-
cumstances are mentioned. Concepts of newer
techniques in minimally invasive surgery such as
SILS and NOTES have been introduced.
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Abstract

The treatment of appendiceal perforation is subject
to considerable debate in current surgical literature.
In perforated appendicitis radiologists have an
important role both as diagnosticians and in offering
interventional treatment options. As a result, knowl-
edge and understanding of the current debate
surrounding the treatment of appendiceal perfora-
tion is vital for radiologists and surgeons alike. The
focus of this chapter is to discuss the treatment of
appendiceal perforation with reference to contem-
porary evidence. General and specific management
of the patient with an appendiceal perforation is
offered including important pre-operative consid-
erations for both radiologists and surgeons. Timing
of surgery, use of laparoscopy and the current
debate with respect to interval appendectomy is
discussed in an evidence based manner.

1 Introduction

Appendicitis with obstruction of the appendiceal
lumen by faecoliths can lead to increased intraluminal
pressure and reduced venous return. In turn, appen-
diceal artery thrombosis may follow leading to gan-
grene and subsequent appendiceal perforation.
Perforation of the appendix occurs most commonly in
young children. Perforation rates as high as 82% have
been reported in children with appendicitis less than
5 years (Newman et al. 2003). Delayed diagnosis has
been cited as a factor contributing to perforation. This
in turn has been attributed to other causes including
socio-economic factors, ethnicity, insurance status

C. Keyzer and P. A. Gevenois (eds.), Imaging of Acute Appendicitis in Adults and Children, 57
Medical Radiology. Diagnostic Imaging, DOI: 10.1007/174_2011_215, © Springer-Verlag Berlin Heidelberg 2011
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and which hospital service patients are originally
referred to (Morrow and Newman 2007). Perforation
rate and time interval between the onset of the symp-
toms and surgery is further discussed in “Appendicitis
Perforation Rates and Time Interval between Symp-
tom Onset and Surgery”. In comparison to ‘simple’ or
‘uncomplicated’ appendicitis once perforation occurs,
the subsequent risk of morbidity and mortality is
significantly increased. Studies report complication
rates of 18 (Styrud et al. 1998)-58% (David et al.
1982) in cases with perforation in comparison with
approximately 10% (Styrud et al. 1998) in uncom-
plicated cases. Pre-operative radiology may provide
further evidence of suspected perforation of the
appendix although the type of imaging modality ini-
tially utilized may be influenced by patient factors
such as age and concurrent pregnancy as well as local
resource availability.

Unlike in ‘uncomplicated’ appendicitis where
prompt surgical excision is favored to prevent the
development of complications, the treatment of the
perforated appendix often demands a pragmatic
approach. The principal aim of treating a patient with a
perforated appendix is to mitigate the risks of sub-
sequent complications. Viewpoints on best practice of
managing perforated appendicitis vary and this makes
development of a prescriptive management strategy
difficult. However, what is intended is to present sen-
sible approaches supported by the surgical literature for
the different strategies, while explaining the reasons
underlying these decisions. This should inform readers
as to the conceptual framework that underpins man-
agement strategies in appendiceal perforation.

1.1 Causes of Appendiceal Perforation
By far the commonest cause of perforation of the
appendix is as an evolution of appendicitis. However,
it is important to note that other causes of appendiceal
perforations do exist. The causes of appendiceal
perforation are listed in Table 1.

2 Treatment Strategy

The treatment of any patient with suspected intra-
abdominal sepsis demands that they undergo:
1. Physiological optimization, plus

Table 1 Commonest causes of appendiceal perforation
Causes of Appendiceal Perforation

Appendicitis

Foreign body

Perforated malignancy (including carcinoid)

2. Definitive timely treatment of the underlying
cause.

It must be noted that in any patient with suspected
appendiceal perforation physical optimization should
commence without delay and ideally should run
alongside preparations for definitive treatment. Early
senior surgical involvement is essential, especially in
patients at the extremes of age where less physio-
logical reserve often exists and consequently these
patients may deteriorate rapidly. Older children have
a greater capacity to withstand considerable physio-
logical insult, however, they can decompensate rap-
idly and the clinician must be aware of this.

General Treatment of the Unwell
Patient with Perforated Appendicitis

2.1

Patients with perforated appendicitis are usually in
pain, febrile, dehydrated and septic. The key primary
treatment aims are thus to initially address the above-

Therefore, the essential initial aims of treatment
should include (Fig. 1)

1. Fluid Resuscitation
. Analgesia
. Antibiotics
. Surgical Consult
. Thromboprophylaxis
. Monitoring

7. Decompression-gastric (optional discretionary
consideration).

Firstly, every patient should have venous access
with appropriate crystalloid fluid administration in
order to replace daily requirements and to offset
insensible losses. This is because any patient sus-
pected of harboring a perforated appendix should be
restricted orally (i.e., placed: ‘nil-by-mouth’) until a
senior surgeon responsible for care has clinically
reviewed them. Therefore, all further medications
should be administered parenterally.

No surgical patient should be denied suitable and
adequate analgesia for fear of masking clinical signs.

AN AW
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Fig. 1 Schematic memory aid for treatment strategy (FAAST
MD)

The view of withholding analgesia is outdated and it
is now accepted that analgesia is safe and does not
affect diagnostic accuracy (Gallagher et al. 2006;
Amoli et al. 2008). Appropriate dosing of opiate
analgesia should therefore, not be restricted and
should be accompanied by anti-emetic medication
also. Acetaminophen (Paracetamol) should be given
intravenously for its antipyretic and analgesic prop-
erties followed by titrated additional analgesia where
necessary.

Intravenous antibiotics should be administered
promptly and ideally within 1 h (Dellinger et al.
2008). Antibiotic therapy should follow local guide-
lines, however, broad cover against the aerobic and
anaerobic pathogens that constitute the bacterial flora
of the colon is mandatory. In the case of perforated
appendicitis specific protection against gram negative
bacteria is essential. Where allergies conflict with
normal prescribing methods, specialist local advice
should be sought. Antibiotic courses for perforated
appendicitis should be continued for 5-7 days beyond
the operation in the first instance (i.e., a full treatment
dose). A didactic approach to antimicrobial therapy is
difficult in patients with perforated appendicitis who
do not undergo early surgery. A recent systematic

review by the American Pediatric Surgical Associa-
tion outcomes and clinical trials committee concluded
that the duration of antibiotic use in children with
perforated appendicitis who are undergoing an
appendectomy should continue based on clinical cri-
teria (Lee et al. 2010). Furthermore, they concluded
that broad-spectrum, single, or double agent therapy
is as effective as triple agent therapy for the treatment
of perforated appendicitis (Lee et al. 2010). Antibi-
otics should be converted from the intravenous route
to oral when the patients are able to tolerate oral
intake and gut absorption has resumed.

Patients with perforated appendicitis (especially at
the extremes of age) and signs of generalized perito-
nitis or general systemic sepsis must be observed
closely pre- and post-operatively. These patients are
liable to rapid decompensation and indicative trends
should be realized as early as possible to allow
for timely intervention. The High Dependency Unit
(HDU) setting is appropriate for this patient group—
especially older patients with multiple co-morbidities.
Furthermore, it is essential that adequate fluid balance
is maintained and the use of urinary catheters, naso-
gastric decompression tubes may be required. Gastric
decompression with a nasogastric (NG) tube is not
essential but may be indicated in patients with con-
current reactive small bowel ileus and vomiting.
Evidence in a non-randomized retrospective record
review of 159 patients with perforated appendicitis
demonstrated a significantly longer time to eating and
length of stay in post-operative children after using
NG tubes as compared to those without (St Peter et al.
2007). Therefore, judicious use of gastric decom-
pression is advised.

Given the lack of patient mobility, coupled with a
hyper dynamic and pro-thrombotic state all adult
patients with perforated appendicitis should receive
thromboprophylaxis unless contraindicated. Aside
from the pre-operative phase, some patients, especially
those who proceed to laparotomy may be immobile for
some time post-operatively thus warranting ongoing
prophylaxis.

2.2 Overview of Specific Treatment

Options

There are essentially two interventional treatment
options for perforated appendicitis—surgery or



60

A. M. Almoudaris and O. Faiz

radiological drainage. Conservative management
solely with antibiotics and expectant management is
the only non-interventional treatment. The chosen
option depends upon two further factors. Firstly, the
clinical condition of the patient (i.e., the presence of
localized versus generalized clinical signs) and the
radiological intra-abdominal findings. Duration of
symptoms may also guide a clinician as to what
treatment pathway is most appropriate—with a
shorter course favoring surgery. There is debate in the
literature about whether patients with confirmed
localized perforated appendicitis should be treated
operatively or considered for conservative manage-
ment with antibiotics & percutaneous drainage of any
appendicular abscess (Weber et al. 2003; Henry et al.
2007; Roach et al. 2007). Several studies have dem-
onstrated either lower or acceptable complication
rates in patients with confirmed perforated appendi-
citis who have undergone conservative management
and usually followed by interval appendectomy
(Kogut et al. 2001; Weber et al. 2003; Simillis et al.
2010). There have also been studies that have dem-
onstrated no worse outcomes when immediate surgery
was undertaken citing reduction in diagnostic uncer-
tainty and subsequent hospital visits as benefits to this
approach (Goh et al. 2005). Initial pilot results from a
prospective randomized trial of patients with a per-
forated appendix with an intra-abdominal abscess
who were randomized to laparoscopic appendectomy
or intravenous antibiotics with percutaneous drainage
of the abscess followed by interval laparoscopic
appendectomy 10 weeks later have showed no sig-
nificant differences in length of stay, recurrent abscess
rate and costs between the groups (St Peter et al.
2010). The overall shift is seemingly toward avoiding
surgery at the time of the index admission favoring
antibiotic therapy with radiological drainage if
required followed by a planned interval appendec-
tomy several weeks later.

3 Management Options in Pre-
Operatively Suspected Perforated
Appendicitis

In patients in whom a perforated appendix is sus-
pected pre-operatively either due to radiological
suggestion or on identifying a mass in the right lower
quadrant (where malignancy is not suspected),

consequent management as mentioned previously is
dependent upon the patient’s condition. In summary,
if a patient presents with generalized peritonitis they
should be considered for immediate surgery. If a
patient has localized right iliac fossa peritionitis, a
history of symptoms greater than 3 days with confir-
mation of an appendiceal abscess they should have
antibiotic treatment and be considered for radiological
drainage (if the septic focus is too large for antibiotic
therapy alone) (Brown et al. 2003). A recent meta-
analysis reports that approximately 20% of patients
non-operatively managed will go on to require a per-
cutaneous drainage and some 7.2% will need operative
intervention (Andersson and Petzold 2007). Should
symptoms return following non-operative manage-
ment, a trial of a further week of antibiotics can be
considered, however, if the patient’s clinical condition
deteriorates either on the index or on a subsequent
admission, operative management should be per-
formed. This strategy mirrors the protocol of a recently
reported prospective randomized trial comparing
immediate surgery versus immediate drainage with
delayed surgery (St Peter et al. 2010). A final consid-
eration is whether or not a patient who has successfully
undergone non-operative management need to go onto
have a planned interval appendectomy and this is dis-
cussed in the Sect. 3.3 of this chapter. Figure 2 is a flow
diagram summarizing the treatment options.

3.1 Surgery

The indications for surgery in a patient with perfo-
rated appendicitis are numerous. At presentation if a
patient is septic and displays signs of generalized
peritonitis immediate surgery following a short period
of optimization is warranted. Similarly patients with
complex loculated abdominal or pelvic abscesses who
are not amenable to percutaneous drainage should
proceed to surgery also. Patients with a localized
mass or abscess in whom conservative measures fail
resulting in ongoing sepsis should also be considered
candidates for surgery. The surgical approach is
dependent upon the surgeon’s experience with lapa-
roscopy (see discussion on laparotomy and laparos-
copy in “Laparoscopy and Laparotomy” of this book
and in Sect. 5 of this Chapter). Some surgeons who
are proficient with laparoscopy may decide to perform
minimal access examination and proceed if feasible.
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Fig. 2 A proposed overview schematic for the management of
perforated appendicitis

The principles of surgery apply irrespective of the
technical approach. Securing safe appendectomy
while ensuring no collateral damage to surrounding
structures and thorough lavage represent the essential
components of intervention in these circumstances
(see Laparoscopy versus laparotomy chapter).

3.2 Radiologically Guided Percutaneous

Drainage

In patients who are clinically stable and have evi-
dence of a radiologically confirmed abscess, consid-
eration should be made to manage these patients
radiologically in the first instance alongside the gen-
eral measures highlighted above (Hogan 2003). The
feasibility of this depends upon the anatomical loca-
tion of the abscess, its size, the presence of additional
or disparate septic foci and the presence or absence of
loculations within its cavity. The ultimate aim of
radiological percutaneous drainage is to achieve
adequate drainage of localized sepsis with the

avoidance of general anesthesia and surgery. This
treatment strategy has been shown to be safe and
effective and is associated with a low recurrence rate
of further abscess formation (Zerem et al. 2007).
From a radiological perspective several consider-
ations must be made. Firstly the patient must consent
to the procedure and the plan as well as be made
aware of possible complications including placement
failure. Secondly the patient should be clinically
suitable for drainage- this includes ensuring the
patients clotting status is suitable and ensuring any
coagulopathy is corrected or within acceptable limits.
Anatomical considerations must also be taken into
account to include whether the abscess is multilocu-
lated, accessible or likely to contain necrotic tissue
that will not benefit from radiological intervention
and that will require surgical debridement (Wallace
et al. 2010).

3.3 Interval Appendectomy

Considerable debate surrounds the need to perform an
interval appendectomy (IA) following initial non-
operative management. Those who do not support TA
cite that if a patient has not needed surgery on an
index admission for appendicitis ‘routine’ IA should
not be performed due to low risk of future problems
(Tekin et al. 2008). Furthermore, if recurrence does
occur it tends to be less severe (Dixon et al. 2003).
One of the stated reasons for avoiding IA is the
reported low recurrence rates (Deakin and Ahmed
2007). Contemporary studies cite recurrence rates of
approximately 5 (Kaminski et al. 2005)-14% (Dixon
et al. 2003; Tekin et al. 2008) inferring that >85% of
patients will thus not have another episode after the
index presentation (wider variation is observed in
older literature), however, this is obviously dependent
upon the follow-up period. A pooled recurrence rate
from a contemporary meta-analysis of seven studies
reported a recurrence rate of 8.9% with a variable
follow-up period (Andersson and Petzold 2007). This
questions the value of ‘routine’ IA in these cases as
IA in itself carries operative risk and additional hos-
pital stay. Other authors have suggested that the
benefit of preventing recurrence is small when
undertaking routine IA and has been quantified at
preventing recurrence in <16% of patients if per-
formed within 6 weeks of discharge and preventing
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recurrence in <10% of patients if performed at
12 weeks or later (Lai et al. 2006) suggesting that
recurrence tends to occur sooner. This viewpoint is
also reflected in the conclusions of a recent review,
however, this was in patients without recurrent
symptoms (Deakin and Ahmed 2007). A further study
with a mean follow-up of 7.5 years in children who
had been non-operatively managed for perforated
appendicitis found all recurrences occurred within
3 years and 80% of these occurred within 6 months
yielding an overall recurrence rate of 8% (Puapong
et al. 2007). Similar findings have been demonstrated
in adult patients with recurrence rates of 5% at
4 years and furthermore among those who recurred
one-third did not need an operation (Kaminski et al.
2005). Finally, it should be acknowledged that IA also
carries an associated operative risk and hospital stay.
Median length of hospital stay has been shown to be
longer in patients treated with IA than in the few
patients who have recurrent disease (Kaminski et al.
2005) and the morbidity associated with IA has been
cited at 18% including superficial and deep infec-
tions, small bowel obstruction and wound problems
(Willemsen et al. 2002). In summary, the low likeli-
hood of recurrent appendicitis, the associated mor-
bidity and hospital stay associated with IA and
associated costs are cited as reasons for re-consider-
ing ‘routine’ IA after conservative management of a
perforated appendix.

Proponents of IA cite the benefits or IA are not
only those of preventing recurrent appendicitis but
also that of obtaining histological diagnosis. Inter-
estingly, in a paper that examined the histological
diagnoses of IA specimens, all were found to have
patent appendiceal lumens (as opposed to obliterated
lumens) indicating a risk of a recurrent episode and
furthermore in 5 out of 17 specimens unsuspected
histological finding were discovered (Mazziotti et al.
1997). It has also been shown in a prospective, non-
randomized study of IA in children, up to 45.8% of
specimens demonstrated chronic active inflammation
and 2.1% a serious unpredicted histology (in these
cases—carcinoid tumor) (Samuel et al. 2002). A
further study of 103 children that were initially non-
operatively managed with 97 going on to undergo IA
as planned some 4—6 weeks later has shown that the
mean length of stay for the IA was 2.5 days (range
1-5 days) and only 3.1% of the children developed a
complication, all of which were minor. Furthermore

2.1% of the specimens revealed carcinoid tumor on
histology from the IA specimens (Gillick et al. 2008).
In a contemporary retrospective series of 46 adult
patients who underwent elective laparoscopic IA
following perforated appendicitis the authors report
84% of patients either had persistent acute appendi-
citis or chronic appendicitis or some other pathology
(including neoplastic and inflammatory bowel dis-
ease) and thus state this proportion of patients had
benefitted from the IA (Lugo et al. 2010). Finally,
proponents of initial conservative management fol-
lowed by IA cite that in matched patient groups and
matched presentation signs and symptoms patients
who underwent immediate operative management
versus primary drainage and IA, those who were
operated initially had a significantly higher compli-
cation rate than those patients who underwent IA
(58 vs. 15%, respectively) (Brown et al. 2003). In
summary, obtaining a histological diagnosis repre-
sents an important argument in favor of IA. In addi-
tion, IA can be performed safely and with little
morbidity when compared with early surgery.

Given the varied opinions in the literature, some
have attempted to assess whether any subgroup of
patients would likely benefit from an IA. Evidence
exists that those with an appreciable appendicolith on
CT or those with a past history of appendicitis would
benefit from IA within 6 weeks of the original pre-
sentation, otherwise watchful waiting is acceptable
(Tsai et al. 2006). Furthermore in adult patients in
whom an IA is not performed following a period of
conservative management for presumed perforated
appendicitis, further imaging of the bowel is also rec-
ommended as these are the patients most likely to have
some form of unexpected histology. It has been sug-
gested that in patients non-operatively managed over
the age of 40 years, they should undergo some form of
further imaging of the bowel to include colonoscopy,
barium study of the colon or a virtual CT colonoscopy
(Andersson and Petzold 2007). The authors are more in
favor of a non-operative approach in the first instance
utilizing percutaneous drainage and antibiotics where
possible. In terms of IA, the authors feel that patients
should be fully involved in the decision-making pro-
cess with knowledge of the risks and benefits for both
IA and leaving the appendix in situ. This said, all
patients over the age of 40 years or those patients who
decline IA with recurrent symptoms should undergo
full colonic imaging and surgical follow-up.
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4 Management Options in Intra-
Operatively Discovered Perforated
Appendicitis

In the presence of appendicitis the discovery of a
faecolith/faecces within the abdominal cavity, or an
abscess cavity with or without inter-loop abscesses or
the presence of a foreign body (e.g., fish bone) all reflect
that the appendix has perforated. Under such circum-
stances the anesthetist should be informed as significant
bacteraemia often occurs when handling grossly
infected tissues. Surgically, the appendix should be
removed in the usual fashion, noting that burying the
appendix stump may be difficult due to an edematous
and fragile caecum that may not withhold a purse-string
suture. In rare circumstances, where there is heavy local
contamination and the risk of stump breakdown is
considered high ileo-caecal resection may be neces-
sary. The decision to anastomose following ileo-caecal
resection is made upon the degree of local contamina-
tion and the current stability of the patient alongside
their pre-morbid health status. Gross peritoneal con-
tamination in an unstable patient with significant
cardio-respiratory disease may render ileostomy a safer
option than restoring intestinal continuity. Abdominal
drainage in this instance is highly recommended.

In cases where an appendix mass is identified pre-
operatively and no generalized intra-abdominal sepsis
exists placement of an abdominal drain and wound
closure may be preferable over attempted appendec-
tomy. Such a decision should involve an experienced
surgeon as inappropriate dissection of a fragile
appendix may incur iatrogenic damage to adherent
bowel loops rendering fistulisation likely. With
increasing access to ultrasound and CT scanning
fewer such cases should arise.

With respect to closure of the wound there are sev-
eral considerations. Firstly, the traditional view has
been that in cases where a perforation has been
encountered skin closure should not be performed due
to the increased risk of subsequent wound infection
(Bower et al. 1981; Lemieur et al. 1999) with rates as
high as 58% being reported (David et al. 1982). In
patients with perforated appendicitis managed by either
primary closure (PC) or open wound management
(OWM), patients were significantly more likely to
develop wound infections in the PC group in a series of
65 patients (Chiang et al. 2006). Patients managed with

PC had a wound infections rate of 43.9% compared to
the OWM rate of 4.2%. The primarily closed group also
had a significantly longer length of stay and were
re-admitted more often (Chiang et al. 2006). The fig-
ures are higher than other contemporary Western series
with numbers >10 patients who report much lower
rates of wound infection after perforated appendicitis
and PC of the wound ranging from 7.7 (McGreal et al.
2002) to 9% (Chatwiriyacharoen 2002). There are
practical problems with OWM that includes the pain
and distress especially young children may suffer with
this form of wound management which must be con-
sidered. In contrast a recent systematic review and
meta-analysis has suggested that PC is the preferred
method of wound closure in perforated appendicitis
incorporating a search from all published data from
1980-2003 (Henry and Moss 2005). This meta-analysis
was, however, limited to non-laparoscopic cases and
the method of closure was not controlled for (Henry and
Moss 2005). In another observational study of 400
patients equally split between those with simple and
those with perforated appendicitis, all patients had the
wounds primarily closed. There was no statistical dif-
ference in the wound infection rates between the two
groups with an overall wound infection rate of 3.7%
(Mehrabi Bahar et al. 2010).

5 Open Versus Laparoscopic Surgery
for Perforated Appendicitis

Only a surgeon proficient in minimally invasive sur-
gery (MIS) should consider performing laparoscopic
appendectomy in situations where perforation is sus-
pected. The benefits of laparoscopy over the conven-
tional technique are less clear in cases of perforation.
A recent Cochrane review concluded that the benefits
of laparoscopy included shorter hospital stay, reduced
pain and earlier return to work and normal activity
when compared to open appendectomy. A reduction in
the negative appendectomy rate was also cited as a
benefit of laparoscopy especially in fertile young
women. The final recommendations were, however,
restricted to patients without perforation as the authors’
state in such cases the likelihood of postoperative intra-
abdominal abscess formation is greater (Sauerland
et al. 2010). The literature is divided on whether lapa-
roscopic appendectomy in itself is likely to confer
a greater risk of subsequent postoperative infective
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complications in patients with suspected perforated
appendicitis. Several authors report that in complicated
appendectomies patients who have undergone laparo-
scopic excisions are more likely to suffer from intra-
abdominal abscess formation (Horwitz et al. 1997,
Krisher et al. 2001). However, these findings are not
reproduced in a large contemporary series (of 1,747
patients) which observed no outcome differences
between LA and OA (Park et al. 2009). In a national
study of LA versus OA rates of 89,497 children in
England, no differences were observed in re-admission
rates or mortality between the operative methods used
(Faiz et al. 2008a). In a further study of 259,735 adult
patients from England, LA conferred benefit in terms of
reduced mortality and length of stay, but patients
undergoing LA were re-admitted more often within
28 days of their original procedure (Faiz et al. 2008b).
It must be noted, however, that in neither aforemen-
tioned studies, subgroup analysis was performed to
determine any difference in outcome between simple
and perforated appendicitis and the operative method
utilized.

Some surgeons prefer commencing directly with
OA in small children. Firstly, the OA wound in
children is small and procedure times are generally
shorter when this approach is employed. Furthermore
no special equipment is required. Lastly, laparoscopy
can be difficult when the size of the abdominal cavity
is small and, as mentioned above, recovery appears
similar irrespective of the surgical approach utilized.

In adults, the authors own preference is to
commence with laparoscopic examination using an
infra-umbilical incision. This allows for a diagnostic
laparoscopy, attempted LA if this is deemed appro-
priate or alternatively conversion to open using an
appropriately placed incision. The latter wound may
represent a conventional McBurneys or Grid Iron
incision or in rare cases a midline laparotomy
depending on the clinical circumstances.

6 Treatment of Rarer Causes
of Appendiceal Perforation

Causes of appendiceal perforation other than appendi-
citisis highlighted in Table 1. The former sections have
dealt with treatment that relates to appendicitis.
This section will consider the management of the
less common causes of appendiceal perforation,

namely perforation secondary to foreign bodies and
malignancies.

6.1 Foreign Body Perforations
Perforations of the appendix due to foreign bodies have
been reported in the literature ranging from ingestion of
needles (Renner et al. 2000), pins (Bingham and King
1999) and fish bones (Ball 1967). In most cases of
foreign body appendiceal perforation a standard
appendectomy with removal of the foreign body is
sufficient as treatment. This is obviously dependent on
finding the foreign body in the first place, but most
foreign bodies that go on to perforation are reported to
be radio-opaque in the literature, thus there is likely to
be a pre-operative clue (Klingler et al. 1998). If the
foreign body is suspected pre-operatively, this should
be sought at operation and removed. Similarly, if a
foreign body is discovered at the time of operation it is
important to search for any other areas of the bowel that
may have been damaged either as the foreign body was
traveling intra-luminally or post perforation. Fluoros-
copy intra-operatively can also be used to help localize
a pre-operatively suspected foreign body (Klingler
et al. 1998).

6.2 Perforated Malignancies

Malignancies of the appendix are rare, however,
treatment strategies in certain circumstances differ
from that of a histologically benign appendiceal per-
foration. In order of incidence (most common first)
mucinous adenocarcinoma, adenocarcinoma, carci-
noid, goblet and signet-ring cell tumors are considered
(McGory et al. 2005). It is rare to pre-operatively sus-
pect an appendiceal perforation due to malignancy.
Similarly it can also be difficult to distinguish a
malignancy from an inflammatory process intra-oper-
atively (Roberts et al. 2008). Some features which may
lead to suspicion are enlarged mesenteric lymph nodes
or the presence of a cystic lesion originating from the
appendix itself. If an appendicular mucocele is dis-
covered intra-operatively this should be handled with
extreme caution so as to resect the cyst completely and
without rupture. This is to reduce the possibility of
disseminating cells that may lead to pseudomyxoma
peritonei (Haritopoulos et al. 2001; Roberge and
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Park 2006). In the case of obvious peritoneal disease,
the primary resection should be undertaken with
biopsies of the deposits as well and subsequent referral
to specialist centers. However, more often than not, the
diagnosis is made once the original histology is
returned and thus the subsequent treatment should be
tailored accordingly with consultation of an appropri-
ate oncological multi-disciplinary team. Current
guidelines specify that an appendectomy be performed
for carcinoid tumors <1 cm if there are no features
present that would dictate a more extensive resection.
More extensive resections are indicated if there is
lymphatic invasion or if there is lymph node involve-
ment, spread to the mesoappendix or positive resection
margins. Currently, right hemicolectomy (rather than
an appendectomy) is indicated for carcinoid tumors
>2 cm (McGory et al. 2005; Fornaro et al. 2007;
Pinchot et al. 2008; Deschamps and Couvelard 2010).
There is some debate, however, as to whether a more
extensive resection such as a right hemi-colectomy
confers actual survival benefit (Fornaro et al. 2007).

7 Conclusion

In this chapter the general and specific management
strategies for the treatment of the perforated appendix
are discussed. Rapid commencement of resuscitation
in patients with a suspected perforated appendix is
necessary. The initial condition of the patient will
dictate the timing of surgical intervention, as will pre-
operative detection of an appendiceal abscess- which
may favor radiological intervention with possible
delayed surgery for those with recurrent symptoms or
signs. Surgical follow-up with colonic imaging should
be performed on every patient >40 years old that is
initially conservatively managed for perforated
appendicitis. Despite advancements in both medical
and surgical care, deaths still occur as a result of a
perforated appendix. Prompt surgical consultation and
senior review is essential in managing these patients
and thus mitigating this risk.
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Abstract

The clinical symptoms of acute appendicitis can be
so characteristic that there is no difficulty in making
the correct diagnosis. In some patients, however,
the clinical findings may be obscure or minimal.
In these patients, imaging studies may be required
to make a correct diagnosis and permit prompt
surgical intervention before perforation occurs.
Todays, this is accomplished rapidly and accurately
by ultrasound and computed tomography. In the
past, abdominal radiography has traditionally been
considered an essential part of the workup of
patients presenting with acute abdominal pain.
Although it has a low diagnostic yield, this
procedure is still frequently performed in patients
with abdominal pain suggestive of acute appendi-
citis to detect abnormal bowel gas patterns or an
appendicolith. There is no current indication for
barium enema examination for acute appendicitis,
but a short presentation of this technique provides
younger readers an idea of how appendicitis was
diagnosed before the age of -cross-sectional
imaging.

1 Introduction

The clinical symptoms of acute appendicitis can be so
characteristic that there is no difficulty in making the
correct diagnosis. In some patients, however, the
clinical findings may be obscure or minimal. In these
patients, imaging studies may be required to make a
correct diagnosis and permit prompt surgical
intervention before perforation occurs. Today, this is
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Fig. 1 Gas in a normal
retrocecal appendix (arrow).
a Plain abdominal radiograph
and b barium enema
examination

accomplished rapidly and accurately by ultrasound
(US) and computed tomography (CT). In the past,
however, conventional radiographs and barium enema
examination were the only imaging tools available for
making this diagnosis.

2 Conventional Radiography

Abdominal radiography has traditionally been
considered an essential part of the workup of patients
presenting with acute abdominal pain. However, the
diagnostic yield of abdominal radiography is very
poor, due to the inherent low soft-tissue contrast of the
modality and the fact that many abdominal diseases do
not have specific radiographic features. Indeed, one
study reported a 0% sensitivity for acute appendicitis
(as well as for pyelonephritis, pancreatitis, and diver-
ticulitis) (Ahn et al. 2002). These authors conclude
that abdominal radiography is not indicated in patients
with a high clinical suspicion of intra-abdominal
disease and that abdominal CT should be the initial
imaging procedure. A more recent study reports a high
incidence of positive CT and US imaging findings in
patients with non-traumatic abdominal pain, even in
more than 80% whose initial abdominal radiographs
were interpreted as normal or nonspecific (Kellow
et al. 2008). The authors argue that “when imaging is
needed, the emergency physician should be

encouraged to immediately request more definitive
imaging abnormalities (e.g., US and/or CT)”.

Although the empirical evidence so overwhelm-
ingly favors eliminating abdominal radiography, this
procedure is still frequently performed in patients
with abdominal pain. It is unclear whether the emer-
gency physician ordering this procedure actually
expects to discover an abnormality on the abdominal
radiograph, or whether the study was ordered merely
to placate the patient, to assure someone with a low
probability of disease that there was no acute
abnormality (Eisenberg 2008).

In most patients with acute appendicitis, the bowel
gas pattern is normal or “non-specific”, with scattered
loops of gas-containing bowel that are often mildly
dilated but show no recognizable pattern indicating
the underlying disease. Nevertheless, at times an
abnormal gas collection or calcification may be a sign
suggestive of acute appendicitis on conventional
abdominal radiographs.

Air in the appendix is a normal finding, especially
when the organ is located in a retrocecal location
(Fig. 1). Extra luminal bubbles of air in the right
lower quadrant, when associated with an ill-defined
soft-tissue mass, suggest an appendiceal abscess
(Jacobs and Balthazar 2008).

An isolated distended loop of small or large bowel,
reflecting a localized adynamic ileus (so-called the
sentinel loop), is often associated with an adjacent
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Fig. 2 Adynamic ileus in acute appendicitis. Although
mechanical obstruction was suggested by the dilated small
bowel loops with a paucity of distal gas, no evidence of
obstruction was found at surgery

Fig. 3 Appendicolith.
Laminated pattern of
calcification in a stone
overlying the right iliac
bone

acute inflammatory process. The portion of the bowel
involved may offer a clue to the underlying disease.
Dilatation of the terminal ileum raises the possibility
of acute appendicitis.

Fig. 4 Appendicolith (arrow) in acute appendicitis

Some inflammatory intra-abdominal processes can
cause both a mechanical block and adynamic ileus.
Both conditions may be present at the same time and
produce a confusing appearance. For example, an acute
periappendiceal abscess can cause true mechanical
obstruction, with gas-fluid levels at different heights in
the same loop, in addition to the characteristic
adynamic ileus seen in patients with appendicitis
(Fig. 2).

Whenever the diagnosis of acute appendicitis is
being considered, it is essential that the right lower
quadrant be examined for evidence of an appendico-
lith. These are round or oval, laminated stones of
varying size (0.5-2 cm) that are found in about 10% of
cases of acute appendicitis (Fig. 3). In the past, the
radiographic demonstration of an appendicolith in a
patient with fever, leukocytosis, and right lower
quadrant pain was considered as highly suggestive of
acute appendicitis (Fig. 4). Moreover, surgical expe-
rience suggested that the presence of an appendicolith
in combination with symptoms of acute appendicitis
usually implied that the appendix was gangrenous and
likely to perforate. However, CT imaging has shown
that small appendicoliths can be detected in patients
without acute appendicitis, so that the presence of an
appendicolith is now considered as only a secondary
finding on this modality (Lane et al. 1999; Daly et al.
2005; Pereira et al. 2004; Benjaminov et al. 2002).
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Fig. 5 Appendicoliths in a
periappendiceal abscess.

a Full and b coned views
show that the appendicoliths
(arrows) lie in an abscess
outside of the gas-filled
appendix

Fig. 6 Appendicolith in a
retrocecal appendix
mimicking a gallstone. a On a
cholecystogram, the calcified
appendicolith appears to lie in
the opacified gallbladder.

b After a fatty meal, the
appendicolith is clearly seen
to lie outside the confines of
the shrunken gallbladder

Fig. 7 Appendicolith
mimicking a ureteral stone in
a patient with hematuria.

a Plain abdominal radiograph
demonstrates a calcification in
the region of the lower right
ureter (arrow). b Excretory
urogram shows the
appendicolith (arrow) as
separate from the
nonobstructed right ureter

Appendicoliths are generally situated within the
lumen of the appendix but in rare instances may
penetrate through the wall and lie free in the perito-
neal cavity or in a periappendiceal abscess (Fig. 5).
Most appendicoliths are located in the right lower
quadrant. Depending on the length and position of the

appendix, an appendicolith can also be seen in the
pelvis or in the right upper quadrant (in the case of a
retrocecal appendix), where it can simulate a gall-
stone (Fig. 6). An appendicolith located near the
midline can mimic a ureteral stone (Fig. 7); this is of

great clinical significance because an inflamed
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Fig. 8 Appendicitis. Barium enema shows a mass effect on
the base of the cecum with no visualization of the appendix.
Note the ill-defined calcification (arrows) representing an
appendicolith within the inflammatory mass

appendix in this region can cause hematuria and lead
the physician to mistakenly suspect renal colic rather
than appendicitis.

3 Barium Enema

There is no current indication for barium enema
examination for acute appendicitis and this section is
included purely for historical value. Nevertheless, it
will give younger readers an idea of how appendicitis
was diagnosed before the age of cross-sectional
imaging.

When performing an emergency or semi-
emergency barium enema in a patient suspected of
having appendicitis, it is not necessary to prepare the
colon with cleansing enemas or laxatives. Indeed,
laxatives may actually be contraindicated. Once the
barium reaches the cecum, it is important to evaluate
the cecum in various degrees of obliquity to deter-
mine whether an extrinsic mass is present. Sequen-
tially, lowering and raising the enema bag and using
intravenous glucagon and post evacuation films are
techniques that may help to obtain maximal filling of

Fig. 9 Periappendiceal abscess. Fixation and a mass effect are
seen at the base of the cecum, with no filling of the appendix

the appendix. It is impossible to be certain that the
appendix is entirely filled unless a globular tip is seen.
Acute appendicitis and appendiceal abscesses can
produce characteristic appearances on barium enema
examinations. An irregular impression at the base of
the cecum due to inflammatory edema, in association
with failure of barium to enter to appendix, has been
considered to be virtually pathognomonic of acute
appendicitis (Fig. 8) or appendiceal abscess (Fig. 9).
Nevertheless, failure of barium to fill the appendix
alone is not a reliable sign of appendicitis because the
appendix does not fill in about 20% of normal
patients. Sometimes there is partial filling of the
appendix with distortion in its shape or caliber. This
appearance strongly suggests acute appendicitis,
especially when there is a cecal impression. In con-
trast, a patent appendiceal lumen effectively excludes
the diagnosis of acute appendicitis, especially when
barium extends to fill the rounded appendiceal tip.
Although highly suggestive of acute appendicitis,
especially when there are appropriate clinical
symptoms, a mass impression on the cecum with
nonfilling of the appendix can be caused by other
pathologic entities. Endometriosis, ovarian cyst, and
tube-ovarian abscess can produce an identical
radiographic appearance. Yersinia enterocolitis is
notorious for mimicking appendicitis clinically and
occasionally may be associated with an
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Fig. 10 Periappendiceal abscess. Severe inflammatory muco-
sal changes and a mass of the lateral aspect of the ascending
colon (arrows) in a patient with a ruptured retrocecal appendix

inflammatory process suggesting an appendiceal
abscess. Crohn’s disease is a well-known cause of
right lower quadrant inflammatory processes and
occasionally may produce a pattern indistinguishable
from appendicitis. Patients with distal small bowel
obstruction may have dilated fluid-filled loops of
ileum causing extrinsic compression of the cecum
that may mimic a pericecal inflammatory mass.

In the proper clinical context, most patients with
nonfilling of the appendix and a large extrinsic com-
pression of the base of the cecum have an appendiceal
abscess. The contour defect in the cecum adjacent to
an appendiceal abscess is accompanied by increased
irritability and inflammatory edema of the mucosa,
with local obliteration of cecal haustration (Fig. 10).
Depending on the size and extent of the inflammatory
process, the contour deformity may involve the
cecum, ascending colon, bladder, ileum, ureter,
adnexa, uterus, or sigmoid. In rare instances, barium
enters the abscess cavity itself, implying that the
appendiceal lumen has remained partially patent.
Supine plain abdominal radiographs occasionally
demonstrate a mottled gas pattern in an appendiceal
abscess, and a gas-fluid level can sometimes be noted
on upright or decubitus views.

Fig. 11 Periappendiceal abscess. This large extrinsic mass
involving the lateral aspect of the ascending colon (arrows) was
seen in a patient with a ruptured retrocecal appendix

In some patients, a large appendiceal inflammatory
process may not involve the tip of the cecum. When
the appendix is in a retrocecal position and the
inflammatory process is limited to the tip of the
appendix, there may be a more proximal mass on
the posterolateral aspect of the cecum but sparring of
the cecal tip (Fig. 11). In some patients, an appen-
diceal abscess may be entirely pelvic in location, with
an extrinsic process involving the rectum or sigmoid
but with no detectable pericecal component. In such
cases, it may be impossible radiographically to
exclude the possibility of an abscess arising from
diverticulitis, pelvic inflammatory disease, or some
other source. Appendiceal abscesses may be in loca-
tions remote from the right lower quadrant because of
positional anomalies of the cecum and appendix or as
a result of spread of the inflammatory process.
Extension of the inflammatory process superiorly from
the pelvis into the right or left paracolic gutter may
result in a subdiaphragmatic or subhepatic abscess.

An oval, round, or finger-like filling defect resem-
bling a coiled-spring in the medial wall of the cecum,
when associated with non-filling of the appendix, may
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After

Fig. 12 Primary appendiceal intussception (arrow).
reduction, the cecum and appendix appeared normal on a
subsequent barium enema examination

be an indication of acute appendicitis. However,
this appearance also may represent an uncommon
primary appendiceal intussusception (Fig. 12), in
which the appendix invaginates into the cecum and
simulates a cecal tumor, or even a mucocele,
carcinoma, or endometriosis of the appendix.
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Western world (de Dombal 1994). Each year in the
United States there are over 250,000 appendectomies
performed, and the lifetime risk for developing
appendicitis is estimated at 7% in females and 9% in
males (Wagner et al. 1996). Despite our familiarity
with this disease and its ongoing clinical importance,
the challenge of clinical diagnosis of appendicitis in a
substantial number of patients is formidable. The
classic symptom complex of periumbilical pain fol-
lowed by nausea and vomiting with pain migrating to
the right lower quadrant may be absent in up to one-
third of patients (Addiss et al. 1990). In addition, the
clinical difficulty in distinguishing acute appendicitis
from acute gynecologic disorders has been well docu-
mented by many observers due to the broad overlap of
clinical symptomatology (Bendeck et al. 2002). If
surgery is performed on the clinical findings alone, the
negative appendectomy rate in women of reproductive
age is approximately 28% (Bendeck et al. 2002).
Depending on the pathologic stage of appendicitis
and the degree of inflammatory response, a wide
variety of treatment options exist. In the vast majority
of patients with early, uncomplicated appendicitis,
prompt surgery, most often via laparoscopic appen-
dectomy, is the therapy of choice (Garbutt et al. 1999;
Hansen et al. 1996). However, once perforation
develops it is important to clinically differentiate
patients with liquefied abscesses versus those patients
with merely indurated periappendiceal inflammatory
masses (periappendiceal phlegmon) (Jeffrey et al.
1988). A small periappendiceal abscess may be trea-
ted surgically; however, there is some evidence to
suggest that laparoscopic appendectomy via insuffla-
tion of a large amount of gas into the peritoneal cavity
may in fact increase the incidence of postoperative
abscess and wound infection (Pokala et al. 2007,
Yau et al. 2007) In these patients, an open surgical
approach with either a midline or McBurney incision
may be preferred. In other patients with larger peri-
appendiceal abscesses, percutaneous drainage guided
by imaging is a safe and effective treatment method.
Conversely, patients with periappendiceal phlegmons
without liquefied abscesses are often best managed
alone by primary antibiotic therapy (Jeffrey et al.
1988). In selected instances, interval appendectomy
can be performed at a later date once the inflamma-
tory process has resolved, but a number of studies
have shown that this is not mandatory or cost effective
(Raval et al. 2010; Keckler et al. 2008). Because of

the wide variety of treatment options, not only is it
important for the radiologist to establish the diagnosis
of appendicitis, but also to determine whether
perforation is likely and if there is a liquefied abscess
or phlegmon. Treatment of acute appendicitis
and appendiceal perforation is further discussed in
“Laparoscopy and Laparotomy” and “Treatment of
Appendiceal Perforation” by Mamidanna, Almoudaris
and Faiz.

2 Role of Sonography and CT

For the past two decades, sonography and CT have
been widely utilized in the preoperative diagnosis and
management of patients with suspected acute appen-
dicitis (Birnbaum and Wilson 2000; Strouse 2010;
Puylaert 1986, 1988; Puylaert et al. 1987; Raja et al.
2010; Coursey et al. 2010; McDonald et al. 2001).
In male patients with a classic symptom complex and
physical findings indicating appendicitis, there is little
evidence to support routine preoperative CT or
sonography (Bendeck et al. 2002). Male patients with
atypical signs and symptoms, however, may benefit
from preoperative imaging (Bendeck et al. 2002). In
pediatric patients it is often difficult to obtain an
accurate history and perform a reliable physical
examination, and routine preoperative imaging with
sonography should strongly be considered.

Much has been made in the imaging literature of
the “operator dependency” in the performance of
sonography (Strouse 2010). This is undoubtedly true,
and there is a clear learning curve to becoming pro-
ficient in the graded-compression technique. Never-
theless, it is also important to point out that although
the creation of images is standardized and automated
with the performance of CT, interpretation can be
quite difficult, particularly in thin patients with little
intra-abdominal fat. Therefore, interpretation of CT
often requires considerable experience in order to
achieve optimal results. Intravenous or oral contrast,
or both, is also required for accurate diagnosis in
these patients. It is, therefore, important for radiolo-
gists to work with their clinical colleagues to optimize
referrals for the appropriate imaging modalities.

Sonography is most accurate in patients who are
either thin or of normal body habitus. Computed
tomography often relies on identification of periap-
pendiceal fat stranding for the diagnosis of appendicitis,
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and this is often difficult to assess in very thin patients.
Conversely, obese patients are often a challenge with
sonography, as it is often difficult to obtain adequate
penetration in order to adequately visualize the iliac
fossa. In patients with appendiceal perforation, pain
from peritoneal signs often precludes adequate graded
compression. These patients often present with pro-
longed symptom duration (>48 h), high fever and leu-
kocytosis (Jeffrey et al. 1988; Borushok and Jeffrey
1990). The pregnant female patient presents another
distinct challenge, and graded compression may be
quite difficult past the first trimester. There has been a
trend toward the utilization of MR in pregnant patients
with suspected appendicitis due to the concern for ion-
izing radiation from CT (Oto et al. 2009; Singh et al.
2007). Current imaging practice in pregnant women
suspected of acute appendicitis is further discussed in
“Imaging of Acute Appendicitis in Adults: Current
Practices in Pregnant Women” by Jaffe.

When comparing the overall accuracy of sonog-
raphy and CT, most studies have consistently dem-
onstrated CT to have a higher sensitivity and
specificity (see “Ultrasonography Versus Computed
Tomography: Evidence-Based Imaging” by Keyzer)
(Hermanz-Schulman 2010; Doria AS 2009; Poortman
et al. 2009; Wan et al. 2009; Gaitini et al. 2008;
Rybkin and Thoeni 2007; Johansson et al. 2007;
Doria et al. 2006; Kaiser et al. 2002). Nevertheless,
the lower cost and lack of ionizing radiation are
compelling arguments for sonography. Over the past
decade there has been an increased concern about the
potential harmful effects of radiation exposure with
CT (Brody et al. 2007). Due to the lifetime accumu-
lated risk of radiation exposure, this is of particular
relevance to patients with suspected appendicitis
because the majority of patients are pediatric patients
or young adult (Addiss et al. 1990). It has been esti-
mated that, with the assumption of a radiation dose of
5 mSv for a single-phase abdominal CT, the lifetime
risk of radiation-induced cancer for a 5-year-old girl
is 26.1 per 100,000, and 20.4 per 100,000 for a
5-year-old boy (Addiss et al. 1990; Hall and Brenner
2008). Radiation issues and dose optimization for
abdominal CT in children and adults is further
discussed in “Imaging of Acute Appendicitis in
Children: Computed Tomography Including Radiation
Issues” by Spencer and in “Radiation Dose
from MDCT Examinations for Suspected Acute
Appendicitis” by Tack. The cost of contrast-enhanced

CT is many fold greater than sonography, and therefore,
in children, it appears more cost effective to initially
screen patients with ultrasound, then perform CT if
sonography is negative (see “US Versus CT: Evidence-
Based Medicine and Cost-Effectiveness in Imaging
Acute Appendicitis in Children” by Kamat, Garcia-
Pena, Blackmore and Medina) (Wan et al. 2009).

In summary, sonography performs best in thin
patients with suspected early appendicitis, pediatric
patients and female patients of reproductive age.
Computed tomography is often the imaging method
of choice in patients who are obese or are suspected of
having possible appendiceal perforation.

3 Sonographic Technique

The graded-compression sonographic technique for
imaging the right lower quadrant for appendicitis was
first described by Puylaert (1986) using linear-array
transducers (Puylaert 1988). Over the ensuing two
decades this technique has largely been refined with
the use of higher-resolution linear probes, the intro-
duction of color- and power-Doppler imaging, and
higher-frequency curved-array transducers (Birnbaum
and Wilson 2000). The graded-compression technique
relies on the principle that normal bowel loops are
readily compressible with mild to moderate applica-
tion of pressure; however, the inflamed and obstructed
appendix will not compress. Compression is particu-
larly valuable to express bowel gas and fluid from the
cecum and terminal ileum, in order to visualize the
inflamed appendix that will not compress. Achieving
excellent results with graded-compression sonogra-
phy requires not only state-of-the-art equipment, but
also dedication and experience.

Prior to scanning the adult patient, a brief history
is obtained. The patient should always be asked to
point with a single finger to his/her site of maximal
pain. This maneuver of “self localization” of the
pain is often very helpful for the sonographer
(Chesbrough et al. 1993). It may provide an
important clue to an aberrantly positioned appendix
or a site of other pathology. In addition, in patients
who are unable to localize their pain and do not
have a focal point of maximal tenderness, the
suspicion for appendicitis is often much lower.
Chesbrough et al. (1993) demonstrated in a series of



80

R. Brooke Jeffrey

236 patients referred to sonography for possible
appendicitis that 85% (121 of 142) patients, when
handed the transducer and asked to localize their
pain, were able to localize it to a specific site.
Conversely, in patient without significant disease in
the right lower quadrant, only 15% were able to
localize their pain (Chesbrough et al. 1993).

Following self-localization of maximal pain, the
examination begins with a linear-array transducer,
often §—12 MHz; in very thin patients, 12—-14 MHz
may be adequate for penetration. The scan is per-
formed initially in the transverse plane using light
pressure from the edge of the liver tip, slowly
migrating caudally to the iliac fossa. An attempt is
made to identify the hepatic flexure, ascending
colon, and ultimately the cecum. Light pressure is
used initially in order not to elicit peritoneal signs
and make the patient uncomfortable. The right colon
is the largest structure having the sonographic sig-
nature of the gut layers (specifically the echogenic
submucosal layer and the hypoechoic muscular
layer), and should be readily compressed in the
normal patient. The initial scanning sweeps are
performed with very light pressure in order not to
make the patient more uncomfortable. As the trans-
ducer is slowly migrated into the iliac fossa, appli-
cation of pressure by the transducer is gently
increased in order to express bowel gas and fluid
from the cecum. An attempt is then made to identify
the point of insertion of the peristalsing terminal
ileum into the cecum, which denotes the region of
the ileocecal valve. The cecal tip is then visualized
with moderate pressure at this point.

Although the tip of the appendix may be in an
ectopic or aberrant location, the base of the appendix
invariably arises from the cecal caput, and therefore
visualizing the termination of the cecum is essential
for appreciating the origin of the base of the appendix.
If the appendix is not visualized, more successive
medial sweeps are then identified in succession until
the anatomic landmarks have been fully elucidated.
Important anatomic landmarks in the iliac fossa
include the iliopsoas muscle and the external iliac
artery and vein. Unless there is sufficient penetration
with the scanning transducer to visualize these land-
marks, a lower-frequency linear-array transducer or a
curved-array transducer should be utilized. In mod-
erate to severely obese patients, however, a linear-
array transducer may not be adequate for penetration,

Fig. 1 Coronal view of cecum to visualize retrocecal appen-
dicitis. By turning patient into steep left posterior oblique
position and scanning in parasagittal plane, near-coronal
acquisition can be obtained to visualize retrocecal space. Note
mural thickening of cecum, with prominence of echogenic
submucosal layer indicating edema (short white arrow). Note
appendicolith within enlarged appendix, consistent with retro-
cecal appendicitis (long white arrow)

and therefore, a curved-array transducer has the
advantage of depth of penetration and wider field of
view; 5-7 MHz curved-array transducers are often
employed in these patients.

The original graded-compression technique
described by Puylaert used only the pressure on the
anterior abdominal wall from the handheld transducer
(Puylaert 1986, 1988; Puylaert et al. 1987). Lee et al.
(2002) has, since modified this technique to include
simultaneous posterior manual compression as an
adjunct in patients in whom the appendix is not
visualized by the standard anterior approach. We have
found this particularly useful in patients with retro-
cecal pathology, including retrocecal appendicitis or
retrocecal perforation of cecal diverticulitis. If the
appendix is not visualized in the transverse plane, it
may be very useful to perform a dedicated maneuver
to directly visualize the retrocecal appendix by having
the patient turn in a left posterior oblique position,
and scanning in a parasagittal plane to reproduce a
coronal view of the retroperitoneal space behind the
cecum (Fig. 1). Retrocecal appendices are often very
challenging to visualize from a transverse anterior
approach, and therefore, this dedicated maneuver in
addition to posterior manual compression is often
valuable for the laterally positioned appendix in the
retrocecal position.
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Fig. 2 a, b Value of endovaginal probe for detection of pelvic
appendicitis. Note identification of inflamed appendix in short
axis (white arrow) adjacent to right ovary (“OV”) on grayscale
endovaginal sonogram. In b, color Doppler endovaginal

Fig. 3 a, b, ¢ Normal appendices in three different patients. In
a, note ovoid-appearing appendix scanned in short axis (arrow).
In b, note normal appendix seen in long axis (long arrow) with
bulbous, slightly enlarged tip of normal appendix, ending in

In adult female patients, it is essential to always
perform scans with an endovaginal probe to assess
ovaries and fallopian tubes. Pelvic appendicitis in
many patients can only be visualized with an endo-
vaginal probe, and therefore, relying solely on linear-
array transducers from an anterior abdominal
approach will often be inadequate (Fig. 2). Similarly,
the endovaginal probe may be used to visualize the
ureteral insertion into the bladder and may be helpful
to diagnose distal ureteral calculi (Laing et al. 1994).

Once a normal or abnormal appendix is identified,
it is important to scan both longitudinally and trans-
versely throughout its entire course to confirm that

sonogram, note marked hyperemia around inflamed appendix.
Appendix could not be visualized via anterior transabdominal
approach

blind pouch (short white arrow). In ¢, normal appendix is
noted in right lower quadrant, containing gas in distal lumen
(white arrow). Note adjacent ascites (“A”)

one is actually visualizing the appendix, due to its
blind-ending pouch. It is a common pitfall to mis-
construe the terminal ileum for the appendix; how-
ever, by rigidly adhering to the principle that the
appendix must originate from the cecal tip and end in
a blind pouch, this pitfall can be avoided. It is also
important to recognize that early appendicitis may
only be confined to the tip of the appendix, and
therefore visualization of the blind-ending pouch is
essential to avoid missing tip appendicitis (Nghiem
and Jeffrey 1992; Lim et al. 1996). Once the appendix
has been identified, specific observation should be
made in real time on the degree of compressibility,
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Fig. 4 a, b, ¢ Appendicitis associated with enlarged mesen-
teric lymph nodes in young adult. In a, color Doppler sonogram
demonstrates multiple enlarged mesenteric nodes (“N”). In b,
note enlarged appendix with distended fluid-filled lumen
(arrow) draped over external iliac artery (“A”) and vein
(“V”). Note that echogenic submucosal layer of appendix is

and its maximal anteroposterior (AP) diameter should
be measured at the site of largest diameter. In addi-
tion, the periappendiceal tissues should be examined
specifically for edema within the mesoappendix,
which produces an echogenic mass often triangular or
ovoid in appearance immediately adjacent to the
appendix. The use of color Doppler has become
routine, particularly in patients who have borderline
appendicitis by size criteria (Lim et al. 1996). Normal
flow of the vasa recta in the bowel wall is not visu-
alized with the ultrasound technology currently
available, and therefore any appreciable flow con-
firmed by spectral Doppler should immediately raise
suspicion for acute appendicitis (Lim et al. 1996).
Edema within the mesoappendix increases acoustic
interfaces, and therefore, inflamed fat is characteris-
tically hyperechoic on sonography (Borushok and
Jeffrey 1990). Color-Doppler imaging may also be
valuable to identify areas of infarction within the
appendix. Often there is focal loss of visualization of
the echogenic submucosal layer in conjunction with
absent flow in this portion of the appendix. This
should prompt consideration for gangrenous appen-
dicitis (Jeffrey 1989; Yacoe 1994).

4 Sonographic Criteria
for the Diagnosis of Appendicitis

The most widely utilized criterion for the sonographic
diagnosis of appendicitis has reliance on the identi-
fication of a non-compressible appendix with a

visible throughout length of appendix, and at surgery early
appendicitis was noted without evidence of gangrenous change.
Figure c is laparoscopic view of inflamed appendix (“A”); note
engorged blood vessels at appendiceal tip (arrow) and inflamed
fat in mesoappendix (“F”)

maximal AP diameter 6 mm or greater. However,
reliance on a single measurement does pose some
challenges, as there can be a degree of overlap
between the size of the normal appendix (usually felt
to be 5 mm or less) and early appendicitis. Use of
6 mm or greater as the threshold for diagnosing
appendicitis results in nearly 100% sensitivity, but
specificity is only 68% (Rettenbacher et al. 2001).
However, by utilizing a 7 mm or greater criteria for
acute appendicitis, Rettenbacher et al. (2001) noted a
sensitivity of 94% and a specificity of 88%. In
patients with “borderline” appendices that range in
maximal AP diameters from 5 to 6 mm, other sec-
ondary signs can be extremely valuable to establish
the diagnosis. The identification of intramural flow in
the appendix should always be considered suspicious
for appendicitis, and therefore, may be a very useful
clue in borderline cases (Lim et al. 1996). Similarly,
the identification of inflamed echogenic fat within the
mesoappendix is also a very helpful secondary sign
(Noguchi 2005).

The normal appendix is compressible, often
resulting in an ovoid configuration, and has a maxi-
mal AP diameter of 5 mm or less (Rettenbacher et al.
2003; Lee 2003) (Fig. 3). There is generally no visi-
ble color-Doppler flow within the wall of the normal
appendix (Jeffrey et al. 1994). Linear high-amplitude
echoes casting reverberation artifacts (“dirty distal
acoustic shadowing”) indicate gas within the appen-
dix (Fig. 3). Reliance on the presence of intraluminal
gas, however, should not be utilized exclusively as a
criterion for the normal appendix, as in some patients
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Fig. 5 a, b, ¢ Early uncomplicated acute appendicitis. In a,
grayscale sonogram of long axis of distended appendix, note
preserved echogenic submucosal layer at distal end of appendix
(arrow). In b, transverse color Doppler sonogram of short axis
of appendix demonstrates mural hyperemia (arrow). Figure ¢
is histologic section of appendiceal wall in same patient

demonstrating white cell debris within appendiceal lumen
(“WBC”). Columnar epithelium of appendiceal mucosa is
preserved (long black arrow), and there is intramural hemor-
rhage (short black arrow) and inflammatory infiltrate in wall
(long white arrow), indicating acute appendicitis. No evidence
of mural necrosis or perforation
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Fig. 6 a, b Value of color Doppler sonography in establishing
diagnosis of early acute appendicitis. Transverse graded-com-
pression sonogram of short axis of appendix demonstrates

slightly enlarged, 6.5 mm appendix (calipers). b in same patient
is power Doppler sonogram demonstrating hyperemia and
intramural flow, establishing diagnosis of early acute appendicitis

Fig. 7 a, b Value of color Doppler in establishing diagnosis of
early, uncomplicated acute appendicitis. a is graded-compres-
sion grayscale long-axis sonogram of appendix demonstrating
preservation of normal echogenic submucosal line (long white

Fig. 8 a, b, ¢ Early acute appendicitis with echogenic periappen-
diceal fat within mesoappendix. In a, grayscale graded-compres-
sion sonogram of long axis of appendix, notice dilated appendix
(calipers). In addition, there is echogenic fat within mesoappendix

arrow); note appendicoliths within distal appendix (short
arrow). b is color Doppler sonogram demonstrating marked
mural hyperemia (white arrow), establishing diagnosis of early
acute appendicitis

(white arrows). In b, color Doppler sonogram demonstrates slight
hyperemia with visible vessels within inflamed periappendiceal fat
(arrow). ¢ is laparoscopic image of inflamed appendix (“A”) with
adjacent hyperemic mesoappendiceal fat (“F”)
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Fig. 9 Inflamed periappendiceal fat as secondary sign of
appendicitis. Grayscale sonogram through short axis of appen-
dix (short arrow) demonstrates mural thickening of wall of
appendix. Note prominent echogenic fat adjacent to inflamed
appendix (long arrow)

gas-forming appendiceal intraluminal abscesses may
produce a similar finding (Jeffrey et al. 1994; Poljak
et al. 1991).

Having identified the normal appendix, an attempt
should be made to establish alternative diagnosis by
carefully scanning again where the patient points to a
site of maximal tenderness (van Breda Vriesman and
Puylaert 2006; Jain et al. 1996; Townsend et al. 1989;
Gaensler et al. 1989; Loh et al. 2005; Tarantino et al.
2003; Birnbaum 1998). It should be noted that,
especially in young adults, prominent ileocecal lymph
nodes are often present, both in patients with and
without appendicitis. Therefore, in the absence of
visualization of a normal appendix, the mere identi-
fication of these nodes should not be a criterion to
establish the diagnosis of mesenteric adenitis, as this
is a difficult diagnosis to establish on imaging grounds
alone (Fig. 4). The right kidney, ileocecal areas,
pelvis, and mid-abdomen should then be carefully
scrutinized with a combination of linear- and curved-
array transducers to establish an alternative diagnosis
to appendicitis. Identification of hydronephrosis from
ureteral calculus, inflammation of the right colon or

Fig. 10 a, b Tip appendicitis with early gangrenous change.
a is grayscale long-axis sonogram of appendix demonstrating
normal proximal appendix with preserved echogenic submu-
cosal layer (short arrow). Distal tip of appendix is enlarged
(calipers); note focal loss of echogenic submucosal layer in
distal third of appendix (long arrow). In b, transverse scan
through short axis of appendix, note prominent echogenic
inflamed periappendiceal fat (long arrow). Note focal loss of
echogenic submucosal layer adjacent to this fat (short arrow).
At surgery, tip appendicitis with early gangrenous change was
noted

terminal ileum, and/or gynecologic or adnexal
pathology is often an invaluable contribution that can
be established by sonography.

5 Staging Appendicitis

Determining the stage of appendicitis is critical to
directing appropriate patient management. In patients
with early acute uncomplicated appendicitis, there is
primarily luminal distension, with or without mild
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Fig. 11 a, b, ¢, d Gangrenous appendicitis with focal loss of
echogenic submucosal layer and cecal edema in two different
patients. a is transverse sonogram of short axis of appendix
demonstrating marked mural thickening and loss of echogenic
submucosal layer (long arrow); note inflamed periappendiceal
fat with increased echogenicity (short arrow). In b, transverse
grayscale sonogram of cecum in same patient, note marked
mural thickening with prominence of echogenic submucosal

mural thickening (Figs. 4, 5, 6 and 7). The maximal
AP diameter of the appendix is greater than 6 mm and
in some, but not all, patients there is demonstrable
flow within the wall of the appendix. There may be
associated edema in the mesoappendix with inflamed
echogenic fat. Increased vasculature within this
inflamed fat may be demonstrated with color of power
Doppler (Figs. 8 and 9). Of note is the fact that the
echogenic submucosal layer is intact and the entire
wall of the appendix can be visualized. While there
may in some instances be pericecal free fluid that is
often triangular in configuration and conforming to
the confines of the peritoneal cavity, there should be

layer related to edema and inflammation from adjacent
gangrenous appendix. In different patient with gangrenous
appendicitis (Fig. ¢), note complete loss of echogenic submu-
cosal layer on long-axis view of appendix (long arrow), as well
as appendicolith near tip (short arrow). d is histologic section
through gangrenous appendix in same patient, demonstrating
complete loss of mucosal and submucosal layer with transmural
inflammation (arrow)

no loculated complex fluid indicating an abscess.
Most abscesses demonstrate mass effect on adjacent
organs and are often walled-off by inflamed echo-
genic mesenteric and omental fat. With color Dopp-
ler, this inflamed fat is often hyperemic.

Unless treated promptly, acute appendicitis may
evolve to gangrene, necrosis, and ultimately result in
perforation. Increasing intraluminal pressure and
increasing intramural inflammation often lead to
vascular compromise in the appendix and gangrenous
appendicitis (Quillin et al. 1992; Hayden et al. 1992;
Bixby et al. 2006). This may be evident by loss of the
sonoreflectivity of the echogenic submucosal layer
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Fig. 12 Small periappendiceal abscess adjacent to appendiceal
tip. Note hypoechoic mass with minimal enhanced through-
sound transmission (long white arrow) adjacent to enlarged
appendix in short axis with marked mural thickening (short
arrow). At surgery, small periappendiceal abscess was noted
adjacent to perforated appendiceal tip

abscess.

Fig. 13 Gas-forming periappendiceal
transverse sonogram of right lower quadrant demonstrates
complex fluid collection (long arrow); note high-amplitude gas
casting acoustic shadow within nondependent portion of
abscess (short arrow). Appearance is nonspecific and could
represent abscess from another etiology, but at surgery necrotic
appendix was identified at cecal tip as cause for abscess

Grayscale

(Fig. 10). In areas of gangrenous necrosis there is
absence of visualized color-Doppler flow within the
wall, and there may be associated mural thickening of
the cecum and adjacent terminal ileum (Borushok and
Jeffrey 1990) (Fig. 11). Perforation may be identified

Fig. 14 Periappendiceal abscess as hypoechoic mass. Note
hypoechoic mass representing abscess (“A”) on transverse
power-Doppler sonogram, surrounded by inflamed echogenic
mesenteric and omental fat on power-Doppler sonogram. There
is marked hyperemia within inflamed fat

on the basis of adjacent abscesses or gas collections.
Sonographically, periappendiceal abscesses are typi-
cally hypoechoic masses with variable degrees of
enhanced through-sound transmission as the protein-
aceous fluid within the abscess cavity can attenuate
sound (Quillin et al. 1992; Hayden et al. 1992)
(Figs. 12, 13, 14, 15 and 16). In some instances, an
extruded appendicolith identified as a highly echo-
genic structure with clean distal acoustic shadowing
may be identified that can establish the fact that the
abscess originated from the appendix. If there is
complete disintegration and loss of the appendix, only
an abscess with or without an appendicolith, may be
present. An indurated inflammatory mass is the
result of perforation (periappendiceal phlegmon) and
is diagnosed when there is inflamed echogenic fat
without an obvious fluid collection or abscess
(Borushok and Jeffrey 1990) (Fig. 17). When perfo-
ration is suspected clinically, contrast-enhanced CT is
often more accurate in differentiating an abscess from
a phlegmon (Bixby et al. 2006).

6 Pitfalls in the Diagnosis
of Appendicitis

As previously noted, it is important not to misconstrue
the normal terminal ileum for an inflamed appendix.
The terminal ileum does not end in a blind pouch, and
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Fig. 15 a, b Periappendiceal abscess on ultrasound and CT. In
a, transverse grayscale sonogram demonstrates complex fluid
collection (“A”) walled-off by surrounding echogenic fat
(black arrows). Small residual of appendix is noted along
lateral aspect of abscess cavity (white arrow), indicating origin

of abscess. In b, coronal contrast-enhanced CT in same patient
demonstrates liquefied abscess (“A”) exerting mass effect on
adjacent cecum (“C”) and terminal ileum (“TI”). In absence of
calcified appendicolith, CT cannot make definitive diagnosis of
periappendiceal abscess

Fig. 16 a, b Periappendiceal abscess with calcified appendi-
colith. In a, transverse grayscale sonogram demonstrates
appendicolith (short arrow) within complex fluid collection,

will demonstrate peristalsis in real time (Jeffrey et al.
1994). Once the appendix has been identified, it is
important to carefully evaluate the termination of the

representing periappendiceal abscess (long white arrow). b is
contrast-enhanced CT in same patient; note calcified appendi-
colith (arrow) within periappendiceal abscess (“A”)

appendix. In some patients appendicitis may be con-
fined to the distal tip (Nghiem and Jeffrey 1992;
Lim et al. 1996) (Fig. 18).
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Fig. 17 Periappendiceal phlegmon. Note indurated soft-tissue
mass containing internal flow on transverse color-Doppler
sonogram, surrounded by inflamed echogenic fat (“F”) in right
lower quadrant. There was no liquefied pus for drainage

Fig. 19 Resolving appendicitis on sonography. Zero Gray-
scale sonogram through long axis of appendix demonstrates
fluid distension of proximal appendix (“A”), and submucosal
and mural thickening of distal appendix (white arrow).
Findings were consistent with early acute appendicitis; how-
ever, patient’s symptoms resolved at time of scanning and
patient made uneventful recovery without surgery

Fig. 18 a,b Tip appendicitis. a is long-axis grayscale sonogram
demonstrating normal proximal appendix (arrow). b is long-axis
grayscale sonogram through distal tip, demonstrating marked

In a small subset of patients, clinical symptoms
and right lower quadrant pain may spontaneously
resolve, although there may still be imaging findings
on sonography consistent with appendicitis (Cobben
et al. 2000; Migraine et al. 1997). In these patients it

thickening of echogenic submucosal layer (black arrow) with
loss of sonoreflectivity of submucosa in distal tip, consistent with
gangrenous tip appendicitis

is likely that there has been spontaneous resolution
of the appendicitis (Fig. 19). Follow up may dem-
onstrate interval decrease in size of the appendix;
these patients are at risk for recurrence of the
appendicitis, typically within a year, and therefore
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Fig. 20 a, b Pseudomembranous colitis mimicking appendi-
citis. In a, longitudinal grayscale sonogram of right colon, note
marked mural thickening and prominence of echogenic
submucosal layer, indicating submucosal edema (white arrow).
b is contrast-enhanced CT in same patient demonstrating

marked mucosal hyperemia (black arrow) and extensive
submucosal edema (white arrow). Endoscopy and stool cultures
were positive for Clostridium difficile organisms, diagnostic of
pseudomembranous colitis

Fig. 21 a, b Camphylobacter ileocolitis mimicking appendi-
citis. a is transverse grayscale sonogram of cecum demonstrat-
ing marked mural thickening with increased echogenicity and
thickening within submucosal layer (black arrow), indicating
submucosal edema, note enlarged pericecal lymph node (“N”;

close clinical observation is warranted (see also
“Spontaneously Resolving and Chronic Appendicitis”
by Cobben).

The retrocecal location of the appendix is a clearly
recognized pitfall with sonography using only an
anterior approach. As emphasized in the scanning

TI = terminal ileum). b is transverse sonogram demonstrating
normal appendix (calipers). Note gas in distal appendix (white
arrow). Stool cultures were positive for Camphylobacter and
patient made an uneventful recovery on antibiotics

portion of this review, if the appendix is not visualized
using the standard anterior approach in the transverse
plane, it is important to attempt to visualize the retro-
cecal area in a coronal approach by placing the patient
in a left posterior oblique position and scanning in a
more coronal plane to visualize the tissues behind the
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Fig. 22 a, b, ¢ Cecal Crohn’s disease mimicking appendicitis.
In a, transverse grayscale sonogram of cecum demonstrates
marked mural thickening (white arrow). b is power-Doppler
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Fig. 23 a, b Epiploic appendagitis mimicking appendicitis.
a is sagittal sonogram of right lower quadrant demonstrating
rounded discrete echogenic structure representing infarcted

cecum. The use of simultaneous posterior compression
while scanning may also be of value to visualize ret-
rocecal appendicitis (Lee et al. 2002).

The dilated fallopian tube on an endovaginal scan
may on rare occasion be misconstrued for an appen-
dix (Jeffrey et al. 1994). However, the appendix has
an echogenic submucosal layer that the fallopian tube
does not. The fallopian tube also has characteristic
folds that are not present in the appendix. Similarly,

s —

T

image in same patient demonstrating marked mural hyperemia
(white arrow). ¢ is spectral Doppler tracing of cecum in same
patient demonstrating prominent arterial intramural flow

epiploic appendage (arrow). b is contrast-enhanced CT scan
demonstrating infarcted epiploic appendage involving right
colon

the fallopian tube will not be seen to originate from
the cecal tip.

Another potential pitfall is the development of
“secondary” appendicitis due to pericecal inflamma-
tory processes. Right lower quadrant abscesses from
Crohn’s disease, perforated diverticulitis, or even
pelvic inflammatory disease may secondarily result in
appendiceal serosal inflammation and thickening of
the appendiceal wall.
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Fig. 24 a, b Omental infarction mimicking appendicitis. In a,
transverse color-Doppler sonogram demonstrating echogenic
omental mass with absent flow on color Doppler. b is contrast-

7 Alternative Diagnoses

The majority of patients in most clinical series who
are suspected of having acute appendicitis do not in
fact have this diagnosis (Wagner et al. 1996). Many
have benign, self-limited disorders that are never
diagnosed pathologically and require no specific
therapy. It is likely that the vast majority of the
patients has various forms of viral gastroenteritis or
transient motility disorders. However, in patients who
have other intra-abdominal entities masquerading as
appendicitis that require specific therapies, either
medical or surgical, sonography and CT may be of
considerable clinical value in suggesting an alterna-
tive diagnosis (van Breda Vriesman and Puylaert
2006; Jain et al. 1996; Townsend et al. 1989; Gaensler
et al. 1989; Loh et al. 2005; Tarantino et al. 2003;
Birnbaum 1998). It is important to re-emphasize that
patient self-localization of the site of maximal pain
may be an important clue to a site of alternative
pathology (Chesbrough et al. 1993). While CT with
contrast enhancement is often superior to sonography
in the identification of some solid-organ parenchymal
disorders such as small abscesses, sonography can

enhanced CT demonstrating soft-tissue infiltration within area
of omental infarction (“O”)

diagnose a wide range of gastrointestinal and geni-
tourinary abnormalities.

Inflammatory bowel disorders, either of infectious
ileo-colitis or Crohn’s disease, often result in mural
thickening of the involved segments with increased
echogenicity of the submucosal layer, indicating
bowel wall edema (Frisoli et al. 2000) (Figs. 20, 21
and 22). Hyperemia of the thickened bowel wall in
conjunction with inflamed fat adjacent to affected
bowel loops is an important secondary clue. Cecal
diverticulitis is well known to mimic appendicitis.
Often the inflamed diverticulum is noted within a
focal area of mural thickening and casts an acoustic
shadow due to either a fecolith within the diver-
ticulum or gas within an infected diverticulum
(Townsend et al. 1989; Gaensler et al. 1989). There is
invariably a degree of inflamed pericecal fat that is
both echogenic on grayscale imaging and hyperemic
on color Doppler. Crohn’s disease often demonstrates
striking findings, with sonography characterized by
mural thickening and marked hyperemia. Hypoechoic
sinus tracts into the mesentery may be identified, as
well as adjacent abscesses in the iliac fossa. These
enteric abscesses are often hypoechoic and demon-
strate significant mass effect on adjacent bowel loops.
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Fig. 25 a, b Pelvic inflammatory disease mimicking acute
appendicitis. a is transverse sonogram of right lower quadrant
demonstrating pyosalpinx with echogenic pus within dilated

Fig. 26 Distal right ureteral calculus mimicking appendicitis.
Sagittal sonogram of right lower quadrant demonstrates echo-
genic stone (arrow) within dilated right ureter

Omental infarction and epiploic appendagitis are
two lesions involving fatty tissue in the right lower
quadrant to mimic appendicitis (Jain et al. 1996;

fallopian tube (“FT”). b is transverse scan of right lower
quadrant demonstrating tubo-ovarian abscess (“TOA”) adja-
cent to dilated fallopian tube (“FT”)

Loh et al. 2005; Garg and Singh 2008; Almeida
et al. 2009; van Breda Vriesman and Puylaert 2002).
Both are likely related to venous thrombosis and
infarction, leading to identification of echogenic
avascular masses on sonography. The edema within
these areas of fatty infarction often results in fat
stranding on CT (Garg and Singh 2008; Almeida
et al. 2009; van Breda Vriesman and Puylaert 2002)
(Figs. 23 and 24).

Finally, in the adult population ileal neoplasms
including carcinoma or cecal lymphoma may cause
right lower quadrant pain and clinically mimic
appendicitis (Rubin and Jeffrey 1992). Colon neo-
plasms are typically hypoechoic masses that demon-
strate minimal vascularity on color Doppler (Rubin
and Jeffrey 1992). Of note is the fact that there is no
thickening of the echogenic submucosal layer that is
the hallmark of colonic inflammation.

Genitourinary abnormalities such as ureteral cal-
culi, pelvic inflammatory disease, and ruptured
ovarian cysts are all entities that may clinically mimic
appendicitis (Figs. 25 and 26). As previously noted,
the use of an endovaginal probe may help detect distal
ureteral calculi. The endovaginal approach is also the
imaging method of choice to diagnose adnexal
pathology (Laing et al. 1994).
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Abstract

Computed Tomography (CT) examination of the
entire abdomen and pelvis is more and more
frequently performed in patients suspected of acute
appendicitis but this examination can be obtained
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1 Introduction
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imaging the abdomen in various clinical circum-
stances including acute pain. This wide use is
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Fig. 1 Patient with acute appendicitis. a Coronal CT image
obtained with IV and oral contrasts showing enlarged, enhanc-
ing, and fluid-filled appendix (long arrow) and appendicolith
(arrowhead). b Transverse CT image obtained with IV and oral

volume acquisition became possible and examination
of the entire abdomen and pelvis is more and more
frequently performed as a screening test in patients
suspected of abdominal disorder, particularly in those
with acute abdominal pain. Examination of the entire
abdomen and pelvis is justified by the ability to detect
alternative and/or additional diagnoses. Nevertheless,
since the mean age of patients suspected of acute
appendicitis is approximately 30 years, the delivered
radiation dose is a particular concern. Strategies to
reduce this dose have been developed and clinical
investigations have shown that in several abdominal
disorders, including acute appendicitis, the perfor-
mance of CT is not decreased by dose reduction.

2 Acquisition Protocols

Depending on studies, sensitivities, specificities,
positive, and negative predictive values of CT in the
diagnosis of acute appendicitis range, respectively
from 71 to 100%, from 83 to 98%, from 58 to 98%,
and from 64 to 100% (Wise et al. 2001; Balthazar
et al. 1994; Jacobs et al. 2001; Raman et al. 2002; Rao
et al. 1997a, b; Wijetunga et al. 2001; Poortman et al.
2003; Funaki et al. 1998). These performances could
be influenced by the type of CT scanners (helical vs.
incremental) and by the acquisition protocol.

In fact there are still controversies regarding these
protocols, including on the use of enteric and/or IV
contrast, and on the anatomic coverage of the exam-
ination. In the United States, the most popular

contrasts showing enlarged, enhancing, fluid-filled appendix,
and moderate periappendiceal fat stranding (long arrow). ¢ The
cecum is not opacified by oral contrast administered one and a
half hour before (arrow)

protocol, performed in up to 80% of patients sus-
pected of acute appendicitis, is a single helical
acquisition on the entire abdomen and pelvis with
simultaneous oral and IV contrast administration
(O’Malley et al. 2000; Johnson et al. 2006). This
protocol has been showed to be very effective in terms
of sensitivity and specificity (Jacobs et al. 2001;
Hershko et al. 2007). The use of contrast agents
induces, however, costs and risks inherent to iodined
contrast materials, increases waiting time due to the
ingestion of contrast material as well as patient’s
discomfort. As acute appendicitis is a potentially life-
threatening condition, but treatable by simple and
efficient surgical procedures, it is imperative that
diagnostic tests should be highly sensitive with a high
negative predictive value (NPV) (Krieg et al. 1975).
Most importantly, unenhanced MDCT scans achieve
sensitivities and NPV as high as 95% and even higher
(Ege et al. 2002; Lane et al. 1999; Keyzer et al. 2004).

Oral contrast is administered in order to opacify the
ileum, the cecum, and the appendix. Oral contrast is
thought to increase the conspicuity of the appendix,
whatever normal or not. The absence of benefit of oral
contrast for diagnosing acute appendicitis has been
advocated in a review article that has reported perfor-
mance of CT without oral contrast as high—and even
higher in terms of specificity, positive predictive value
(PPV), and accuracy—without as with oral contrast
(Anderson et al. 2005). This review article was, how-
ever, based on studies that were either retrospective or
prospective and based on different CT acquisition
protocols (with or without rectal and/or IV contrast, on



Imaging of Acute Appendicitis in Adults: Computed Tomography 99

Fig. 2 Transverse CT images obtained for comparison with
firstly oral contrast and secondly IV contrast in a patient
(BMI = 22 kg m>-1) with acute appendicitis. a Transverse CT
image obtained at standard dose with oral contrast showing an
enlarged, fluid-filled appendix, and moderate periappendiceal
fat stranding. b Transverse CT image at simulated low-dose
with oral contrast showing the same features than a. ¢ Thick
transverse MPR image (with reduced noise) at simulated low-

helical single slice CT or MDCT, or even incremental
CT). In addition, all but one study did not compare
different CT protocols applied to the same study group
(Jacobs et al. 2001; Anderson et al. 2005). With that in
mind, randomized studies have been recently con-
ducted in order to compare examinations performed
with and without oral contrast with the same protocol
regarding the administration of IV contrast and the
anatomic coverage (Anderson et al. 2009; Keyzer et al.
2009). Globally, these more recent studies show
that diagnostic performances of CT in diagnosing
acute appendicitis are independent on oral contrast.
Anderson et al. mentioned, however, that their study
had a too low statistical power to detect any difference
in terms of sensitivity. We showed that the correctness
in diagnosing acute appendicitis as well as alternative
diseases is far more predominantly influenced by the
reader than by any contrast (oral and IV) (Keyzer et al.

dose with oral contrast. d Transverse CT image obtained at
standard dose with oral and IV contrasts showing an enlarged,
enhancing, fluid-filled appendix, and moderate periappendiceal
fat stranding. e Transverse CT image obtained at simulated
low-dose with oral and IV contrasts showing the same features
than d. The appendix is visible and the diagnosis of acute
appendicitis is obvious in all figures from a to e

2009). Furthermore, the studies by Anderson et al.
(2009) and ours show that despite allowing 1-2 h
between contrast ingestion and scanning, oral contrast
reaches the colon level in 68—82% of patients only, with
no appendix visualization impairment (diseased or not)
(Keyzer et al. 2009). Finally, a study performed in
patients who were not suspected of acute appendicitis
and with a normal appendix, showed that 1 h after the
contrast ingestion, it opacifies the appendiceal lumen in
24% of patients only (Tamburrini et al. 2005) (Fig. 1).
This raises an important issue for practical organization
of emergency rooms and the radiology departments
that are stressed to reduce the length stay, are more and
more busy, and for which eliminating the time required
for oral contrast administration could be of major
interest (Kim et al. 2008; Mun et al. 2006). All these
studies did not reveal any influence of oral contrast on
reader’s concordance, confidence, and correctness in
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Fig. 3 Transverse (a), coronal (b), and sagittal (¢) CT images
obtained with IV and oral contrasts in a patient suspected of
acute appendicitis. Definite diagnosis is a right colitis with a

Table 1 Alternative diagnoses in adults suspected of acute
appendicitis

Infectious colitis Ileitis (infectious or

inflammatory)
Left or right-sided Meckel diverticulitis
diverticulitis
Pyelonephritis Ileal occlusion

Right ureteral stone Lower right lobe pneumonia

Acute cholecystitis Cystitis
Acute pancreatitis Ovarian diseases
Mesenteric panniculitis Ovarian vein thrombosis

Mesenteric adenitis Pelvic inflammatory disease

Epiploic appendagitis Perforated gastric ulcus
Bowel intussusception Right inguinal hernia

Cecal neoplasia Prostatitis

diagnosing acute appendicitis, whatever the patient’s
BMI but their samples had a mean BMI corresponding
to the overweight category (Keyzer et al. 2009;
Anderson et al. 2010; Wolfe et al. 2006; No authors
1998). Therefore, further studies should be targeted on
underweight patients in whom the paucity of intra-
abdominal fat could impair the appendix detectability
and could thus benefit from oral contrast.

Concerning IV contrast, the study by Jacobs et al.
(2001) reported that IV contrast improves the per-
formance of CT in diagnosing acute appendicitis, a
result not confirmed by Wise et al. (2001). In these
two discordant studies, the regions scanned with and
without IV contrast were different in terms of extent

normal appendix (arrowhead) filled with oral contrast. Minimal
periappendiceal fat stranding is visible (a)

and comparison between these two conditions might
thus be inappropriate. Platon et al. compared oral
contrast alone versus both oral and IV contrasts, all
the acquisitions being performed on the entire abdo-
men and pelvis. These authors reported a higher
sensitivity with both oral and IV contrasts, but with-
out any information on statistical significance. It is
important to note that these two acquisitions were
obtained with different radiation doses, the acquisition
with oral contrast alone being at lower dose than that
with oral and IV contrasts, with subsequent possible
bias (Platon et al. 2009). Finally, Seo et al. (2009)
compared unenhanced low-dose CT with IV enhanced
low-dose CT and did not elicit any difference in
diagnostic performance even for the diagnosis of
appendiceal perforation.

Two of our studies suggested that the visualization of
the appendix, either normal or diseased, is not influ-
enced by IV contrast injection although IV contrast is
susceptible to increase reader’s reproducibility in the
identification of an anatomic structure as the appendix
(Keyzer et al. 2009, 2008) (Fig. 2). This observation is,
at least in part, in accordance with that by Jacobs et al.
(2001) who reported that IV contrast does not impact on
the rate of visualization of the normal appendix but of
diseased appendices. On the other hand, it should be
kept in mind that IV contrast can be necessary to diag-
nose or to confirm ischemic and inflammatory processes
(Jacobs et al. 2001; Johnson et al. 2006; Macari and
Balthazar 2003; Pinto Leite et al. 2005). IV enhanced
CT could thus be recommended when unenhanced
scans are not definitely conclusive (Keyzer et al. 2009;
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Fig. 4 CT images obtained with oral and IV contrast in a
patient suspected of acute appendicitis with a definite diagnosis
of acute sigmoid diverticulitis. a 3 mm oblique reformation
image. The normal appendix is filled with air (short arrow) but
not by oral contrast administered one and half hour before.

Fig. 5 Transverse CT image obtained with IV contrast only in
a patient suspected of acute appendicitis with a definite
diagnosis of high-grade acute sigmoid diverticulitis with
abscess (arrow) and peritoneal stranding reaching the normal
appendix (arrowhead)

Seo et al. 2009; Tamburrini et al. 2007; Paulson and
Coursey 2009). Furthermore, IV contrast enables to
detect a focal defect in the enhancing appendiceal wall
that has been reported to be associated with perforation
at surgery with, depending on studies, variable
specificity (ranging from 80 to 100%) and sensitivity
(ranging from 60 to 95%), and a lack of interobserver
agreement (Bixby et al. 2006; Foley et al. 2005;
Horrow et al. 2003; Tsuboi et al. 2008).

b Coronal image demonstrates acute sigmoid diverticulitis
(long arrow). ¢ Transverse image demonstrates acute sigmoid
diverticulitis (long arrow) and peritoneal effusion in the right
iliac fossa (arrowhead)

Rectal contrast is less frequently used than oral and
IV contrasts in patients with acute abdominal pain, in
particular in those with suspected acute appendicitis
(O’Malley et al. 2000; Johnson et al. 2006). Rectal
contrast administration enables a rapid opacification of
the cecum and the normal appendix. However, such
administration is quite uncomfortable for the patient
and the rectal catheterization is not without risk par-
ticularly if the rectal wall is weakened by an inflam-
matory or ischemic process (Wise et al. 2001; Anderson
et al. 2005; Pinto Leite et al. 2005; Dearing et al. 2008).
Few studies have reported the high diagnostic perfor-
mances of CT with rectal contrast alone, with sensi-
tivity and NPV up to 98% (Rao et al. 1997b), but when
compared with CT enhanced with both oral and IV
contrast, rectal enhanced CT is not more accurate and
has even lower sensitivity and NPV than dual enhanced
CT for the diagnosis of acute appendicitis (Wise et al.
2001; Hershko et al. 2007).

It is important to remind that most studies with
only rectal contrast were focused on the pelvis alone.
Focused CT has the advantage to reduce the radiation
dose but with MDCT scanners, rapid volume acqui-
sition became possible and there is a clear trend to
scan the entire abdomen and pelvis in all patients
suspected of any abdominal disorder (O’Malley et al.
2000; Johnson et al. 2006). In addition, such exam-
inations of the entire abdomen and pelvis are more
effective than those focused on the pelvis, including
their ability to detect alternative and/or additional
diagnoses (some requiring even urgent surgical
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Fig. 6 a, b Transverse CT images obtained without any
contrast (neither oral nor IV) in a patients suspected of acute
appendicitis with a definite diagnosis of cecal neoplasia (a

Fig. 7 Transverse (a) and
coronal (b) CT images
obtained without any contrast
(neither oral nor IV) in a
patient (BMI = 32 kg m*1)
suspected of acute
appendicitis. Definite
diagnosis was acute
pyelonephritis on a pelvic
right kidney, diagnosed at CT
without contrast and
confirmed by microscopic
urine examination

treatment) that could otherwise be missed in up to 7%
of patients (Kamel et al. 2000). Another way to
reduce the radiation dose is to decrease the tube
current—time product and/or the tube potential. Sev-
eral studies have showed that low-dose CT obtained
by decreased tube current—time product (with sub-
sequent effective dose ranging from 1.2 to 4.2 mSyv,
depending on the study and the patient’s gender) has
similar diagnostic performance than standard-dose
CT for the diagnosis of acute appendicitis (Keyzer

short arrow) with a normal appendix containing an appendi-
colith (long arrows) and minimal periappendiceal fat stranding

Spin: 90
Tilt: 4114

et al. 2004, 2009; Platon et al. 2009; Seo et al. 2009)
(Fig. 2). Furthermore, none of these studies has been
able to elicit any lower or upper threshold of BMI at
which the diagnosis of acute appendicitis or the
appendix visualization were hindered at low-dose
(Keyzer et al. 2004, 2009; Seo et al. 2009). These
observations should, however, be confirmed by studies
focused on patients with extreme BMI categories
(underweight and extremely obese patients) as their
numbers were low in all these studies.
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Fig. 8 Transverse CT
images obtained a without and
b with IV contrast in a patient
suspected of acute
appendicitis. Renal abscess
with marked perirenal and
pericolic fat stranding that can
be depicted on unenhanced
CT image (a) and clearly
demonstrated on IV enhanced
CT image (b)

Fig. 9 Patient suspected of acute appendicitis and with a definite diagnosis of acute cholecystitis demonstrated on IV unenhanced
CT image (a), IV enhanced CT image (b), and simulated low-dose IV unenhanced CT image (c)

In clinical practice and on the basis of the available
literature, we recommend to perform an unenhanced
low-dose CT on the entire abdomen and pelvis in
adult patients suspected of acute appendicitis as a first
step. If this unenhanced low-dose CT is inconclusive
or if there is a need to confirm an alternative diag-
nosis, we recommend to perform an IV and/or oral
enhanced low-dose CT, also on the entire abdomen
and pelvis, as a second step (Keyzer et al. 2009; Seo
et al. 2009; Tamburrini et al. 2007; Paulson and
Coursey 2009). Such a protocol will globally reduce
contrast material-related risks and examination costs
without substantially increasing the radiation dose.
Tips and tricks to reduce and optimize the radiation
dose of abdominal CT in adults are extensively dis-
cussed in “Radiation Dose from MDCT Examinations
for Suspected Acute Appendicitis” by D. Tack.

With MDCT, much attention has been focused on
data set reconstruction and display, in particular,
multi-planar reformations (MPR). It is now possible
to scan the entire abdomen and pelvis within a single
and comfortable breath hold at a spatial resolution
less than 1 mm in the x-, y-, and z-axes. The obtained
data sets allow MPR in any plane with a similar
spatial resolution than in the transverse plane. It has
been showed that coronal reformations improve the
confidence in visualization of the appendix (whether
normal or diseased) as well as for diagnosing or ruling
out acute appendicitis (Kim et al. 2008; Paulson et al.
2005). Furthermore, it has been showed that perfor-
mance of CT in the diagnosis of acute appendicitis is
higher with 5 mm than with 10 mm thick CT sections
and that the rate of appendiceal visualization and the
reader confidence in his diagnosis are both increased
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Fig. 10 Patient with definite diagnosis of acute appendicitis.
Transverse (a), coronal (b) and sagittal (¢) CT images obtained
with oral and IV contrasts demonstrate an enlarged and

il :‘ ‘.Il‘.\l
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enhancing appendix with parietal thickness of 4 mm (measured
on figure b) and periappendiceal phlegmon

Fig. 11 CT images obtained without oral contrast in a patient
with a definite diagnosis of acute appendicitis. a IV unenhanced
standard dose CT image demonstrates enlarged appendix
(arrows). b IV enhanced standard dose CT demonstrates
enlarged appendix and abnormal enhancement of the

with slice thicknesses lower than 5 mm (i.e., 3 x 3
mm and 2 x 1 mm) (Weltman et al. 2000; Johnson
et al. 2009).

3 CT Findings of Acute Appendicitis

CT findings of acute appendicitis are divided into
appendiceal changes, cecal apical changes, and peri-
appendiceal inflammatory changes (or right lower
quadrant (RLQ) inflammatory changes) (Pinto Leite
et al. 2005; Choi et al. 2003; Rao et al. 1997c). Many
of these findings are also found in patients with
alternative diseases mimicking acute appendicitis.
Alternative diseases are numerous and listed in
Table 1. Examples of these diagnoses, some of them
with appendiceal and/or periappendiceal changes, are

appendiceal wall (arrows). ¢ IV enhanced simulated low-dose
CT demonstrates enlarged appendix and abnormal enhance-
ment of the appendiceal wall (arrows). Minimal periappendi-
ceal fat stranding is visible on all images

illustrated in Figs. 3, 4, 5, 6, 7, 8 and 9. The tumors of
the appendix will be separately extensively described
and illustrated in “Imaging of Primary Appendiceal
Neoplasm” by Potretzke and Pickhardt.

3.1 Appendiceal Changes

Appendiceal changes consist in appendiceal
enlargement, appendiceal wall thickening, appendi-
colith, and abnormal appendiceal wall enhancement
after IV contrast injection (Figs. 1, 2, 10 and 11).
Conversely, an appendiceal lumen completely—i.e.,
from its base to the tip—filled with gas and/or
contrast material after oral or rectal contrast
administration suggests the absence of acute appen-
dicitis (Rao et al. 1997a, c).
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Fig. 12 Transverse unenhanced CT image demonstrates a
normal appendix with a large appendicolith

There are controversies regarding the appendiceal
diameter threshold suggesting acute appendicitis in
adults. Such a threshold was first extrapolated from the
sonography literature and was defined as an outer-wall-
to-outer-wall transverse diameter larger than 6 mm
(Funaki et al. 1998; Choi et al. 2003; Rao et al. 1997c;
Raptopoulos et al. 2003). However, the diameter of the
appendix at US is measured during graded compression
of the RLQ which may produce smaller measures than
at CT performed without compression (Pinto Leite et al.
2005). There are indeed normal appendices with a
diameter larger than 6 mm (Pinto Leite et al. 2005;
Paulson et al. 2005; Daly et al. 2005; Moteki and
Horikoshi 2007). Facing these observations, higher
thresholds (ranging from 8 to 10 mm) have been pro-
posed and validated in the diagnosis of acute appendi-
citis, in particular if its content is not visualized and in
the absence of periappendiceal changes (Keyzer et al.
2004; Benjaminov et al. 2002). The appendiceal
diameter measured at CT from outer-wall-to-outer-wall
depends on the appendiceal content. Therefore, it could
be recommended to measure the appendiceal wall
only, with a threshold of 3 mm if the lumen content is
visible (Tamburrini et al. 2005; Pinto Leite et al. 2005;
Benjaminov et al. 2002; Webb et al. 2010) (Fig. 10).

Appendicolith, when considered alone, is not a
100% specific sign of acute appendicitis as it can be

seen in normal adults, the presence of appendicolith
alone being associated with acute appendicitis in 10%
of adult patients only (Lane et al. 1999; Daly et al.
2005) (Fig. 12).

At IV enhanced CT, abnormal appendiceal wall
enhancement is one of the most suggestive findings of
acute appendicitis (Choi et al. 2003). The thickened
wall is usually homogeneously enhanced, but mural
stratification can be seen (Pinto Leite et al. 2005; Choi
et al. 2003). In addition it has been showed that a
focal enhancement defect in the appendiceal wall
is highly suggestive of appendiceal perforation
(Fig. 13).

Concerning the features ruling out acute appendi-
citis, we must emphasize that intraluminal air can be
seen in inflamed appendix as well and thus does not
necessarily mean that the appendix is patent and
normal (Choi et al. 2003) (Fig. 13 and 14).

3.2 Periappendiceal Inflammatory

Changes

Periappendiceal inflammatory changes consist in
periappendiceal fat stranding and/or extraluminal
fluid, phlegmon, abscess, and lymphadenopathies
(Figs. 1, 2, 10, 11, 13 and 14).

When associated with an appendiceal enlargement,
periappendiceal fat stranding is highly suggestive of
acute appendicitis (Keyzer et al. 2004; Choi et al.
2003; Rao et al. 1997¢). However, with the increased
use of CT in patients with acute appendicitis, patients
undergo CT examination very early after the onset
of their symptoms and the periappendiceal fat
stranding can be lacking in patients who have a
definite acute appendicitis but who are scanned very
early (Raptopoulos et al. 2003).

Periappendiceal phlegmon and abscess are highly
suggestive of appendiceal perforation with a
specificity ranging from 95 to100%. The other CT
signs suggesting the perforation are extraluminal air
or extraluminal appendicolith, and focal enhance-
ment defect in the appendiceal wall after IV contrast
injection. When considered separately, these signs
are highly specific but have a low sensitivity,
the only one with a sensitivity higher than 60%
being the focal enhancement defect (Bixby et al.
2006; Horrow et al. 2003; Tsuboi et al. 2008)
(Figs. 10, 13).
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Fig. 13 a, b, ¢ CT images obtained with IV contrast but
without oral contrast in a patient with perforated acute
appendicitis. a Presence of air in the enlarged appendix
surrounded by a phlegmon (arrow) b Enlarged and enhancing
appendix with focal enhancement defect in its wall (star). The

Fig. 14 a, b Patient with a
definite diagnosis of acute
appendicitis. Transverse CT
images obtained without any
contrast demonstrate an
enlarged appendix with
minimal periappendiceal fat
stranding (a) and air at the tip
of the appendix on an image
obtained more inferiorly (b)

3.3 Cecal Apical Changes

Cecal apical changes consist in cecal apical thick-
ening, and after enteric contrast administration, the
so-called arrowhead sign and cecal bar sign (Rao
et al. 1997a, b, d, e). The arrowhead sign is observed
when cecal contrast material funnels in between each
side of symmetric cecal apical thickening and targets
to the point of appendiceal occlusion (Fig. 15).
The cecal bar sign is observed when a proximal
calcified appendicolith is separated from the cecal
lumen containing dense cecal contrast material by
inflamed soft tissue of the appendiceal base and the
cecal apex.

34 Detection of the Normal Appendix

The detection of the normal appendix rules out the
diagnosis of acute appendicitis (Balthazar et al. 1986;
Ganguli et al. 2006; Nikolaidis et al. 2004). At CT,

appendix is filled with air (arrow) and liquid (arrowhead).
¢ Enlarged and enhancing fluid-filled appendix (arrowhead)
with periappendiceal phlegmon and appendicolith at the base of
the appendix (double arrow)

the rate of its visualization ranges from 43 to 91%
depending on the study (patients included being
symptomatic or asymptomatic, different anatomic
coverage, various contrast administrations) (Balthazar
et al. 1994; Benjaminov et al. 2002; Jan et al. 2005).
The detection of the normal appendix strengthens the
reader’s confidence in a truly negative result, even if
recent studies have reported that a non-visualized
appendix at CT reliably excludes acute appendicitis if
secondary inflammatory changes are also absent
(Balthazar et al. 1986; Ganguli et al. 2006; Nikolaidis
et al. 2004). We have, however, shown that the
reproducibility in visualization of the normal appen-
dix depends on the reader (Keyzer et al. 2008). This
should make us cautious in considering rates of
visualization of the appendix that are reported in
studies based on the identification of a normal
appendix on one hand, and in the confidence that the
physician could have in his/her colleague radiologist
when he/she states that the normal appendix is visu-
alized on the other hand.



Imaging of Acute Appendicitis in Adults: Computed Tomography

107

Fig. 15 CT image obtained with oral contrast in a patient with
a definite diagnosis of acute appendicitis demonstrates the so-
called arrowhead sign (arrow)

4 Conclusions

CT is extensively used in adult patients with acute
appendicitis. Contrast, in particular oral contrast, is not
mandatory to make or rule out the diagnosis of acute
appendicitis in normal to obese adult patients. IV
contrast could be reserved if there are doubts on the
diagnosis of acute appendicitis or alternative disease.
The radiation dose can be reduced at unenhanced as
well as at enhanced CT. Further studies are still needed
to investigate the appropriateness of these approaches
in particular patients, i.e. without any contrast material
in underweight patients as well as with reduced radia-
tion dose in extremely obese patients.
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Abstract

Multi-detector row CT (MDCT) and graded-com-
pression ultrasonography (US), associated or not
with color Doppler US, are highly accurate tech-
niques for diagnosing acute appendicitis in adult
patients. The choice between these two techniques
is however challenging and only few studies have
compared them in the same group of patients.
Beyond their performances, the choice between
these techniques depends on patient’s characteris-
tics (age, habitus, and gender), available techniques
and expertise, practitioner’s preference, concern in
radiation issues, economical aspects, and cost-
effectiveness ratio. This chapter will discuss and
comment the few studies comparing these tech-
niques, discuss the parameters that could influence
the choice between them and their cost-effective-
ness, and will propose an imaging strategy.

Abbreviations

BMI Body mass index
MDCT  Multi-detector row CT
[N Ultrasonography

1 Introduction

Multi-detector row CT (MDCT) and graded-compres-
sion ultrasonography (US), associated or not with color
Doppler US, are highly accurate techniques for diag-
nosing acute appendicitis in adult patients. The choice
between these two techniques is, however challenging
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and could depend, among others, on institutional
preferences, available expertise, patient’s age, gender,
and body habitus (Birnbaum and Wilson 2000).

US is rapid, non-invasive (requiring neither ion-
izing radiation nor contrast material), and inexpen-
sive, but believed to be dependent on observer’s
experience and furthermore is uncomfortable in
painful patients even if information obtained during
the examination about the degree of pain and location
of maximal tenderness are very helpful (Hernanz-
Schulman 2010; Wise et al. 2001; Vermeulen et al.
1999). On the other hand, CT is nowadays widely
available, reproducible, and offers images that can be
easily reread by radiologists and surgeons other than
one who first obtained or read them.

2 Comparison Between
Performances of US and CT

Many studies evaluating imaging techniques in
patients suspected of acute appendicitis have evalu-
ated one single technique but have not compared dif-
ferent techniques in the same patient study group, or
have not evaluated the incremental added value of one
technique on the other, or on the clinical diagnosis.
A meta-analysis by van Randen et al., based on the
very few available prospective studies that compared
graded-compression US and CT (with or without con-
trast) in the same adult study groups globally showed
higher sensitivity and specificity of CT than US (van
Randen et al. 2008). Studies comparing US and
enhanced CT (i.e., with oral and/or IV contrast mate-
rial) reported higher performance of CT than US in
diagnosing acute appendicitis as well as alternative
diseases, with a higher rate of visualization of the
normal appendix and less patient discomfort at CT than
at US (Wise et al. 2001; Balthazar et al. 1994; Horton
et al. 2000; Wilson et al. 2001). When compared to
unenhanced CT (i.e., without any contrast material)
however, US has similar diagnostic performance than
CT for diagnosing acute appendicitis as well as alter-
native diseases, whatever patient’s age, gender, and
body habitus estimated through his Body Mass Index
(BMI) (Keyzer et al. 2005; Poortman et al. 2003). These
apparently discordant results could be explained, at
least in part, by differences between the methods used
in the studies by Keyzer et al. and Poortman et al. on
one hand, and in the other studies on the other hand.

In these other studies indeed (1) US examinations were
performed by sonographers and not by radiologists, did
not investigated the entire abdomen and pelvis, and/or
were not performed with the graded-compression
technique as recommended by Puylaert (Wise et al.
2001; van Randen et al. 2008; Wilson et al. 2001;
Puylaert 1986); and (2) CT examinations were obtained
with IV and/or oral contrast (Wise et al. 2001; van
Randen et al. 2008; Balthazar et al. 1994; Wilson et al.
2001). One of our studies and a very recent retrospec-
tive investigation by Gaitani et al. showed however that
inconclusive examinations—i.e., without diagnosis and
without visualization of the normal appendix—are
more frequent at US than at CT, probably because the
normal appendix is far more frequently seen at CT than
at US (Hernanz-Schulman 2010; Wise et al. 2001;
Keyzer et al. 2005; Gaitini et al. 2008). Furthermore, in
52 pregnant women with acute abdominal pain who had
both US and CT examinations, 46 had a negative US
examination but CT demonstrated, however important
diagnostic information in 14 of them (with nine needing
a surgical intervention) with a diagnosis of acute
appendicitis in seven (appendicitis was diagnosed at US
in only one of those with definite acute appendicitis)
(Lazarus et al. 2007). Imaging acute appendicitis in
pregnant women is extensively discussed by Jaffe in
“Imaging of Acute Appendicitis in Adults: Current
Practices in Pregnant Woman”.

The choice between US and CT could depend on
patient’s body habitus. The small distance between
the transducer on the skin and the appendix in slim
patients is favorable to US. Conversely, the absence
of intra-abdominal fat or its low amount in these
patients could reduce the performance of unenhanced
CT. Obesity, on the other hand, is susceptible to
reduce the performance of both techniques because
obesity reduces the visualization of intra-abdominal
organs by excessive ultrasound beam attenuation at
US while it reduces the signal/noise ratio at CT. The
increase in incidence of obesity in Western countries
could thus lead to a subsequent increased proportion
of inconclusive examinations, particularly at US
(Uppot et al. 2006). However, in one of our studies
comparing US and unenhanced CT, the body habitus
estimated through BMI did not influence the visuali-
zation of the appendix or the diagnostic performance
of either MDCT or US, but our study group included
only a small number of underweight and obese-to-
extremely-obese patients, as classified according to
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the BMI categories recommended by the World
Health Organization (Keyzer et al. 2005; No authors
1998). The absence of BMI effect on the diagnostic
performance of either technique could be explained
by limitations of US in obese patients being offset by
limitations of CT in underweight patients. Further
studies with large numbers of patients in these
extreme BMI’s categories should thus be conducted
to confirm these preliminary observations.

The choice between US and CT could also depend
on patient’s gender. We showed that gender influ-
ences the diagnostic correctness at CT either with or
without contrast, with higher correctness and repro-
ducibility of diagnosis in men than in women,
particularly in case of alternative disease (Keyzer
et al. 2005, 2009). This can be explained by the
incidence of gynecological diseases mimicking acute
appendicitis in women and for the diagnosis of which
CT has a lower performance than US. We indeed did
not observe a gender influence at US on the diagnosis
correctness. This gender influence at CT was not
elicited in a previous study by Raman et al. in which
there were only a small proportion of gynecological
diseases (Raman et al. 2003).

A recent multicentric study has evaluated the added
value of plain radiographs, US (using the graded-
compression technique), and CT (on the entire abdo-
men and pelvis with IV contrast only) after clinical
evaluation for making urgent diagnoses—defined as
conditions needing a treatment within 24 h, including
acute appendicitis which was the most frequent diag-
nosis—in adults presenting with acute abdominal pain
(Lameris et al. 2009). These authors evaluated multi-
ple imaging strategies, single (plain radiographs, US,
or CT) or conditional (CT if US was negative or
inconclusive, or inconclusive alone). They also
investigated imaging strategies driven by patient’s
age, BMI, and location of pain. These authors showed
that the clinical diagnosis with or without plain
radiographs has high sensitivity but a lack of speci-
ficity. Compared with the clinical diagnosis, US
reduces the number of false positive diagnoses but
produces an unacceptably high number of missed
urgent conditions (30%) with the lowest sensitivity of
all investigated strategies as showed in Fig. 1 (Lameris
et al. 2009). These findings are in accordance with
those previously reported by Wise et al. (Wise et al.
2001), as US alone has a lower sensitivity than CT
alone. Compared with clinical evaluation alone, these
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Fig. 1 Diagnostic performance of all imaging strategies pre-
sented in receiver operating characteristics space. Numbers
correspond to strategies: (1) Clinical diagnosis, (2) Clinical
diagnosis after plain radiographs, (3) Ultrasonography (US) in
all patients, (4) Computed tomography (CT) in all patients, (5)
US in all patients; CT if US negative or inconclusive, (6) US in
all patients; CT if US inconclusive, (7) If age <45 then US and
CT if US negative or inconclusive; if age >45 then CT, (8) If
body mass index <30 then US and CT if US negative or
inconclusive; if body mass index >30 then CT, (9) If body
mass index <30 or age <45 then US and CT if US negative or
inconclusive; CT in all other patients, (10) If tenderness in right
upper quadrant then US; if tenderness in right lower quadrant,
left upper quadrant, or left lower quadrant then CT; if diffuse
tenderness then CT; CT in all other patients, (11) If tenderness
in right upper quadrant or right lower quadrant then US; if
tenderness in left lower quadrant or left upper quadrant then
CT; if diffuse tenderness then CT; CT in all other patients.
Reproduced from “Imaging strategies for detection of urgent
conditions in patients with acute abdominal pain” by Lameris
et al. 2009, with permission from BMJ Publishing Group Ltd

two techniques showed an increase in specificity but
not in sensitivity when used as a single test. The use of
conditional CT after negative or inconclusive US
examinations had the highest sensitivity in these
urgent conditions. In addition, with this conditional
CT strategy, only one half of the patients require
CT and the CT-related exposure would be the lowest
even when compared to the strategies driven by
patient’s characteristics or location of pain (Lameris
et al. 2009).

Finally, the choice between US and CT is suscepti-
ble to depend on the time of the examination. Inter-
estingly, this multicentric study by Lameris et al.
showed that the sensitivity of US performed after
working hours by residents without supervision is
lower than when performed by radiologists, but not
during working hours when residents are supervised.
However, there is no difference in specificity
between radiologists and residents regardless of their
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supervision (Lameris et al. 2009). In the same scope,
Gaitini et al. showed in a retrospective study that US is
more accurate during day hours when the examinations
are performed by senior radiologists than when per-
formed by residents during off-hours (Gaitini et al.
2008). There is however a possible bias introduced by
different working conditions that are susceptible to
influence radiologist’s performance and in particular
tiredness (Bechtold et al. 1997). Considering this pos-
sible bias and the results we have obtained in a study
where US was performed by experienced and non-
experienced radiologists whatever the day time, we
should not definitely conclude that US is influenced by
radiologist’s experience (Keyzer et al. 2005).

3 Imaging Strategy

There is not yet any consensus strategy for imaging
adult patients suspected of acute appendicitis. In
addition to scientific information, the care pathway
could also be influenced by economic considerations
and governmental or institutional allocation of health-
care resources (i.e., availability of US all-around the
clock, development of teleradiology that could
potentially increase the use of CT, etc.), individual
practitioner’s experience or his/her preference in one
technique (Frush et al. 2009). The care pathway could
also be influenced by the practice environment as it
could depend on the threshold of the surgeon at which
he will consider acute appendicitis on one hand, and
at which he will order imaging examinations on the
other hand. This threshold is supposed to influence
the added value of imaging by varying the pretest
probability and thereby the posttest probability
(van Randen et al. 2008). In their meta-analysis, van
Randen et al. reported indeed a better differentiation
of the disease at CT than at US at clinically relevant
prevalences (prevalence of acute appendicitis was
50% in this meta-analysis), although at very low and
very high prevalences, the difference in test perfor-
mances between the imaging techniques was smaller
(van Randen et al. 2008). Most importantly, these
authors reported also a posttest probability at 9% after
negative CT with a 50% prevalence of the disease.
Thus, in a population with a high probability of acute
appendicitis (depending on different factors as the
proportion of women, ethnic-related differences, and
referral practitioner), caution should be recommended

after a negative CT examination in case of high
clinical suspicion of acute appendicitis, and repeated
clinical evaluation or diagnostic laparoscopy should
be considered (van Randen et al. 2008). On the other
hand, in a study based on 2,871 adult patients clini-
cally suspected of acute appendicitis and with a
prevalence of definite acute appendicitis approxi-
mating 20%, Pickhardt et al showed that the negative
appendectomy rate would have been decreased from
7.5% to 4.1% if the patients with negative MDCT
would not have undergo surgery (Pickhardt et al.
2011).

Each of the decision tree branches carries its own
financial implications (Hernanz-Schulman 2010).
Observation of patients without acute appendicitis can
lead to unnecessary hospital days whereas prolonged
observation of patients with acute appendicitis
increases resources use if perforation occurs in addi-
tion to costs related to the observation itself. On the
other hand, unnecessary surgery procedures increase
also the costs and have their own possible complica-
tions. The use of imaging also influences the costs
depending on its discriminating power with possible
adverse effects (i.e., contrast material administration
and/or radiation-induced effects at CT) (Wan et al.
2009). However, the theoretical increase in mortality
related to radiation-induced malignancy should be
weighted by the appendicitis-related mortality and its
immediate consequences (i.e., unnecessary laparot-
omy, perforation, worsening of peritonitis) (Hernanz-
Schulman 2010; McCollough et al. 2009). This balance
should be carefully considered since the radiation dose
can be dramatically reduced without impairment of the
diagnostic performance of CT, whatever the use of
contrast may be (Keyzer et al. 2004; Tack et al. 2003,
2005). The radiation dose reduction and optimization
of abdominal CT in adults are extensively discussed in
“Radiation Dose from MDCT Examinations for
Suspected Acute Appendicitis” by Tack.

4 Conclusion

According to the currently available information, the
following imaging strategy could be proposed in
normal-weighted adult patients suspected of acute
appendicitis. US examination should be performed
first, particularly in young women in whom gynae-
cological diseases are common mimics of acute



Ultrasonography Versus Computed Tomography: Evidence-Based Imaging

115

| Radiation

\/Susplcmn ofacute\ saving ( us __--\\
e append!cms / , "

1 i

Unenhanced ™ \-— Inconclusive Negative Positive

Low-Dose )
-\._\_\__ _'_'__,.-/
Positive Inconclusive Negatlve

Enhanc% m
[Treatment——————

Fig. 2 Flow chart of the proposed imaging strategy in normal-
weighted adults suspected of acute appendicitis

appendicitis. If US examination is negative or
inconclusive, unenhanced MDCT should be recom-
mended as a second step. If unenhanced MDCT is
also inconclusive, enhanced MDCT with IV contrast
alone or with both IV and oral contrasts should then
be performed (Fig. 2). All these MDCT examinations
should be done at reduced and optimized radiation
dose. In underweight and overweight patients, cur-
rently available studies are insufficient to propose a
definite strategy. In overweight patients, it could
however be reasonable to skip US and to perform first
unenhanced MDCT scan. In underweight patients on
the other hand, it could be also reasonable to skip
unenhanced CT and to perform IV and/or oral-
enhanced CT only if US is inconclusive. Depending
on the results of cost-effectiveness studies that should
be conducted in adult patients as they were done in
children, these strategies could nevertheless be mod-
ified in the next future.
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Abstract

MR imaging provides systemic, multi-planar eval-
vation of the entire abdomen with excellent
anatomic resolution and allows identification of
the etiology for acute abdominal pain without
exposing the patient to ionizing radiation and
without the necessity of administration of intrave-
nous contrast agents. Therefore, MR imaging is a
valuable alternative to CT when US findings are
inconclusive, especially in patients with higher risk
for radiation exposure such as pregnant and pedi-
atric patients. In this chapter, the role of MR
imaging in diagnosis of acute appendicitis will be
reviewed. Imaging protocols, MR-imaging features
of the normal appendix, acute appendicitis and
other causes of right-lower quadrant pain mimick-
ing appendicitis will be described. Indications for
MR imaging (with a special emphasis in pregnant
patients) and safety issues will also be reviewed.

1 Introduction

Rapid and accurate diagnosis of acute appendicitis is
essential for appropriate management. The diagnostic
algorithm is based on clinical presentation, physical
examination and laboratory findings but imaging has
become an important part of diagnostic algorithm.
Especially, patients with atypical clinical presentation
may benefit from radiologic evaluation with cross-
sectional imaging modalities. Ultrasonography (US)
and computed tomography (CT) traditionally have
been the dominant cross-sectional imaging modalities
for the evaluation of patients with suspected acute
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appendicitis (Abu Yousel et al. 1987; Balthazar et al.
1991; Balthazar et al. 1994; Foley et al. 1993; Incesu
et al. 1997; Malone et al. 1993). In this setting,
magnetic resonance imaging (MRI) plays only a
secondary role, since CT is readily available in the
emergency setting and provides the detection and
evaluation of the appendix with a high accuracy,
sensitivity and specificity. The major advantages of
US are the lack of ionizing radiation exposure, wide-
spread availability and its low cost. CT is increasingly
used and advantages over US include a better accu-
racy (Stoker et al. 2009; van Randen et al. 2009) and
enhanced ability to detect appendicoliths, retrocoecal
appendicitis, perforation and other complications of
acute appendicitis (Albiston 2002). However, both
modalities have limitations. US may be limited due to
overlying gas or obesity and quality of examination is
dependent on the experience of the operator. CT
results in considerable ionizing radiation exposure
and relies on the use of iodinated contrast material,
which is less desirable in pregnant patients and
patients who have risk factors for contrast material.

Recent advances in sequences, gradient ampli-
tudes, multichannel coils and parallel imaging make
MRI an increasingly attractive option for evaluating
acute abdominal and pelvic conditions. MR imaging
provides systemic, multi-planar evaluation of the
entire abdomen with excellent anatomic resolution
and allows identification of the etiology for acute
abdominal pain without exposing the patient to ion-
izing radiation (Levine et al. 2006; Pedrosa et al.
2007; Singh et al. 2007; Stoker et al. 2009; Tkacz
et al. 2009). In addition, the administration of intra-
venous contrast agents is often not necessary due to
the inherent high soft tissue contrast resolution of
MRI. Recently, studies describing MR evaluation of
acute abdominal pain during pregnancy and pediatric
population have increased in number, reflecting the
increased use of MR in this challenging clinical set-
ting (Birchard et al. 2005; Cobben et al. 2004;
Hormann et al. 2002; Oto et al. 2005; Levine et al.
2006). In this chapter, we will review the role of MR
imaging in diagnosis of acute appendicitis. Imaging
protocols, MR-imaging features of the normal
appendix, acute appendicitis and other causes of right-
lower quadrant pain mimicking appendicitis will be
described. Indications for MR imaging (with a special
emphasis in pregnant patients) and safety issues will
also be reviewed.

2 The Role of MRI for Diagnosis
of Acute Appendicitis

Currently MRI is mainly used in evaluation of pregnant
patients and children with acute abdominal pain. In
2007, the American College of Radiology (ACR)
guidelines for MR-imaging practices recommended
that MR imaging be used when the risk—benefit ratio
warrants the study (Kanal et al. 2007). According to the
ACR Appropriateness Criteria, MRI of the abdomen
and pelvis without contrast should be considered in
pregnant patients with right-lower quadrant pain, fever
and leukocytosis when ultrasound findings are negative
or equivocal. MR imaging is rated as the most appro-
priate imaging modality following US in this setting
(American College of Radiology). In a series of pedi-
atric patients, accurate diagnosis of acute appendicitis
could be made even without administration of intra-
venous contrast material (Hérmann et al. 1998). MRIin
children suspected of acute appendicitis is further dis-
cussed in “Imaging of Acute Appendicitis in Children:
MRI” by Hormann. MRI was shown to improve
diagnosis of appendicitis and decrease the negative
exploration rate in patients with suspected appendi-
citis (Cobben et al. 2004, 2009; Pedrosa et al. 2009).
Its negative predictive value is very high and can save
the patients from unnecessary appendectomies (Oto
et al. 2009a). In a recent study by Cobben et al. 2009,
MRI was also found to be a cost-effective tool in the
workup of patients clinically suspected of having
appendicitis.

The major advantages of MRI are the lack of
ionizing radiation exposure and the generally accep-
ted safety of the currently used intravenous contrast
agents. MRI provides a high intrinsic contrast reso-
lution with excellent characterization of pathologic
tissue obviating the need for intravenous contrast
medium. Its multi-planar imaging capability is also
useful for determining the origin of the lesion or
inflammatory process. On the other hand MRI is time-
consuming and more expensive. Its lack of around-
the-clock availability is still a logistic problem at
many institutions. Referring physicians are not
familiar with the imaging features of MRI in patients
with acute abdominal and pelvic conditions. Other
limitations include the poor spatial resolution in
comparison to CT and its increased sensitivity for
motion-related artifacts.
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3 Technique and Protocol

3.1 Technique

According to the ACR practice guidelines, pregnant
patients should be informed of the risk/benefit ratio
and written informed consent regarding should be
obtained before undergoing MRI examination. It
should be documented that information cannot be
acquired by other diagnostic modalities and that the
evaluation of the MR examination has the potential to
affect the care of the patient and the test cannot wait
until pregnancy is over.

The current protocol in our institution does not
require any specific patient preparation. Pedrosa et al.
recommend administration of negative oral contrast
[combination of ferumoxsil (Gastromark, Mallickrodt
Medical, St. Lois, Missouri) and dilute barium sulfate
(Readi-Cat 2; E-Z-Em Canada, Westbury, New
York)] which may lead to an improved depiction of
bowel on TI- and T2-weighted images without
causing susceptibility artifacts (Pedrosa and Rofsky
2003). Phased-array coils should be used whenever
possible, since they provide superior signal-to-noise
ratio, but towards the end of pregnancy and in larger
patients a body coil may be necessary. Often patients
can be imaged in supine position. However, during
the late second and third trimester of pregnancy,
imaging in lateral decubitus position can be necessary
to avoid impairing venous return from the pelvis and
lower extremities. To prevent compression of the
inferior vena cava by the gravid uterus, left
lateral decubitus positioning is preferred over right
(Leyendecker et al. 2004).

Gadolinium-based intravenous contrast media is
routinely used in adults and may be helpful in
increasing the diagnostic confidence and accuracy
(Lam et al. 2008). However, the use of gadolinium
may be contraindicated in patients with severe renal
failure due to the risk of nephrogenic systemic fibrosis
(NSF). Gadolinium is a class C drug (FDA classifi-
cation) and in pregnant patients, it should be used
highly selectively, in the second and third trimester
when the benefits outweigh the risk (Brown et al.
2005). It is recommended that use of gadolinium in
pregnant patients is only decided when unenanhanced
MR images are inconclusive. At that point, radiologist
and the referring physician should assess the risk and

benefit of gadolinium administration and reach a
mutual decision. Non-enhanced MRI can provide
adequate information in most of the cases precluding
the need for intravenous contrast (Chabanova et al.
2010; Inci et al. 2010a, b).

3.2 Protocol

In patients with acute abdominal pain, the MR-
imaging protocol should be tailored to their clinical
condition and image acquisition time should be
minimized. Scanning protocols include T2-weighted
imaging with and without fat saturation, axial T1-
weighted images before and if needed after intrave-
nous contrast administration. In addition to these
routine sequences, axial 2D time of flight (TOF)
images, steady-state free-precession sequences and
diffusion-weighted images can be obtained. The
detailed MR protocol is provided in Table 1.

T2-weighted imaging in three orthogonal planes
with single-shot fast spin echo (SSFSE) or half-
Fourier acquisition single-shot spin echo (HASTE)
(TR = infinite, TE = 90 ms) forms the backbone of
the MR protocol. SSFSE T2-weighted images have
high spatial resolution and can be obtained during
limited breath-hold and should be preferred over other
fast-spin echo sequences. T2-weighted imaging with
fat saturation is performed to improve the detection of
inflammation or characterization of fat-containing
adnexal lesions. The resolution of T1-weighted FSE
sequence is superior to the gradient-echo version and
can help to detect small structures such as a normal
appendix.

In pregnant patients, TOF gradient echo (GRE)
T2*-weighted images are helpful to differentiate the
appendix from dilated venous tributaries and evalu-
ate venous thrombosis. Steady-state free-precession
sequences can provide motion free images of the
abdomen, nicely depicting the outline of the bowel
segments and vessels. Diffusion-weighted images
may potentially improve the conspicuity of the
inflamed appendix (Inci et al. 2010a, b) found that in
78/79 surgically proven appendicitis, inflamed
appendix were hyperintense on DWI and addition of
DWI facilitated the diagnosis of acute appendicitis.
T1-weighted in-phase and opposed-phase GRE
images can be used to define fat-containing lesions
and hemorrhagic collections. Blooming artefacts due
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Table 1 MR protocol for suspected acute appendicitis

MR sequences

Routine protocol 1.

Single-shot fast spin echo (SSFSE) or Half-Fourier

acquisition single-shot spin echo (HASTE) (axial, coronal,
sagittal)

2. T2-weighted sequence with fat saturation (SSFSE, HASTE
or FSE) (axial and coronal)

3. T1-weighted sequence (breath-hold spoiled gradient echo or
Respiratory gated fast spin echo) (axial)

Not part of the routine protocol for pregnant 4. Post-contrast imaging: 2D or 3D GRE T1-weighted images
patients
Optional 2D time-of-flight sequence (axial)

Steady-state free-precession sequences (FIESTA, true FISP, balanced

FFE)

Diffusion-weighted images

to air, metallic objects, or hemosiderin and calcium
are more visible on in-phase images and they can
help to locate the appendix, when it is air-filled
(Pedrosa et al. 2007; Singh et al. 2007; Tkacz et al.
2009).

4 MR Findings

4.1 Normal Appendix
The normal appendix is a blind-ending tubular
structure which measures circa 10 cm in length, arises
from the posteromedial wall of the cecum, approxi-
mately 3 cm below the ileocoecal valve (Birnbaum
and Wilson 2000; Buschard and Kjaeldfaard 1973;
Stoker et al. 2009). The normal appendiceal wall
typically measures less than 2 mm in thickness and
diameter of its lumen is usually less than 7 mm. The
normal appendix can be filled with air, fluid or con-
trast media or can be totally collapsed. The appen-
diceal wall has a low to intermediate signal on T1-
and T2-weighted images similar to the signal intensity
of the bowel wall (Fig. 1). The appearance of its
lumen is dependent on filling: Air or iron-based oral
contrast medium within the lumen can cause bloom-
ing artifacts which can be recognized on T1-weighted
in-phase images and TOF GRE images and help in
exclusion of acute appendicitis (Pedrosa et al. 2007).
During pregnancy, there is a gradual upward dis-
placement of the appendix and cecum so the appendix
may be located in the right mid abdomen or right

upper quadrant during the second and third trimester
(Oto et al. 2006). In a recent study by Oto et al. while
the appendix was well below the iliac crest in the first
trimester, it rose to the level of the iliac crest in the
second trimester and further progressed superiorly
with a mean of 2.6 cm above the iliac crest in the
third trimester. Also the cecum elevates progressively
during the course of pregnancy and demonstrates a
tilted orientation, where the base of the cecum is
anteriorly and outwardly displaced (Nagayama et al.
2002). Since the cecum is a larger and more recog-
nizable anatomic structure, its localization may help
to localize the appendix. In a study with 146 pregnant
patients, Lee et al. (2008) showed that the cecal tilt
angle was useful for localizing the appendix in
pregnant patients and helps to predict the location of
the appendix within the right upper quadrant of the
abdomen regardless of gestational age with a high
specificity.

Nikolaidis et al. evaluated the incidence of visu-
alization of the normal appendix on MRI in adults and
compared the yield of commonly used sequences
(Nikolaidis et al. 2006). A normal appendix was
definitively visualized in 55 of 71 patients on T1 spin-
echo (SE) sequences (78%) and T2 SE sequence
provided the highest rate of appendiceal visualization.
The second best rate of appendiceal visualization was
seen on SSFSE sequences. The appendix was seen on
25 of 42 (60%) patients on T2-weighted SSFSE
images. Visualization rates were 42% on pre-gado-
linium T1 FS GRE, 54% on post-gadolinium T1
fat-suppressed gradient echo and 17% of short tau
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Fig. 1 Normal appendix in a 28-year-old pregnant woman.
Axial (a) and coronal (b) T2-weighted single-shot fast spin-
echo image and T1-weighted gradient-echo image (c¢) show a

inversion recovery sequences. In smaller series per-
formed in pregnant patients, normal appendix is seen
at MR imaging between 83 and 89% of pregnant
patients (Hormann et al. 2002; Nitta et al. 2005; Oto
et al. 2005; Levine et al. 2006; Pedrosa et al. 2007).
Similar to CT, coronal images are helpful in depiction
of the normal and inflamed appendix.

4.2 Acute Appendicitis

In acute appendicitis, increased intraluminal pressure
and intraluminal dilatation leads to venous engorge-
ment, arterial compromise and tissue ischemia with
transmural inflammation. In severe cases, continued
tissue ischemia results in appendiceal infarction and
perforation (Birnbaum and Wilson 2000). The MRI-
criteria for the diagnosis of appendicitis are similar to
the criteria of CT (Levine et al. 2006; Rybkin and
Thoeni 2007; Singh et al. 2007): An enlarged
appendix with a diameter of more than 7 mm, wall
thickening of the appendix and signs of inflammation
in the periappendiceal fat, depending on the severity
of acute appendicitis. In patients with initial, mild
appendicitis, the appendix may be only minimally
distended and fluid-filled and the surrounding mes-
entery may not show inflammatory changes (Fig. 2).
Incesu et al. (1997) reported that an inflamed appen-
dix demonstrates marked wall enhancement with
slight distention. In a series of pediatric patients,
accurate diagnosis of acute appendicitis could be
made even without administration of intravenous
contrast material (Hormann et al. 1998). Edematous
wall thickening of the appendix leads to an increased
intramural signal on T2-weighted images and

hypointense, blind ending tubular structure (arrow) arising
from the cecum. The diameter of its lumen is less than 7 mm
consistent with a normal appendix

hypointense signal on TI1-weighted images (Ham-
mond et al. 2008; Nitta et al. 2005). After contrast
administration, the wall enhances abnormally. The
appendix is fluid-filled and therefore, its lumen
appears hyperintense on T2-weighted images. In
coronal images, wall thickening and inflammation in
the wall can be seen along the entire length of the
appendix. In the gangrenous type of appendicitis,
however, it may be difficult to visualize the wall in its
entire length (Nitta et al. 2005). Periappendiceal
inflammatory changes such as fat stranding or local
fascial thickening appear as hypointense on TI-
weighted images and hyperintense on T2-weighted fat
suppressed images. Periappendiceal inflammatory
changes can be especially helpful when the appendix
itself is not visualized. They have to be actively and
carefully sought for since they can be the only find-
ings of acute appendicitis. Other findings include
thickening of the upper cecal wall (Birnbaum and
Wilson 2000). The presence of an appendicolith in
association with periappendiceal inflammation indi-
cates acute appendicitis (Birnbaum and Wilson 2000).
An appendicolith is difficult to identify on MR images
but may sometimes be seen as a focal hypointense
area on all sequences (Pedrosa et al. 2007).
Perforated appendicitis is usually accompanied by
increased inflammation, extraluminal gas, pericecal
phlegmon, abscess formation and peritonitis. Local
and diffuse fluid collections, lymphadenopathy and
small bowel obstruction are associated findings
(Birnbaum and Wilson 2000; Incesu et al. 1997;
Stoker et al. 2009). Periappendiceal phlegmon
appears as an ill-defined, heterogenous, moderately
high signal on T2-weighted images and dark signal on
the background of bright fat on non-fat saturated T1-
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Fig. 2 Mild appendicitis in a 29-year-old pregnant woman.
Axial short inversion time inversion-recovery image (a) shows
dilated, fluid-filled structure (arrow) with thickened wall and
fat stranding, consistent with acute appendicitis. Coronal T2-
weighted single-shot fast spin-echo image (b) shows the
dilated, thick walled appendix with increased intramural signal
(arrow)

weighted images (Pedrosa et al. 2007). In cases
complicated by a periappendiceal abscess, its cavity
appears hyperintense on T2-weighted images and
demonstrates significant wall enhancement following
intravenous contrast administration (Martin et al.
2005; Pedrosa et al. 2007) (Fig. 3).

MRI is shown to be superior to US (Albiston 2002;
Hormann et al. 1998; Incesu et al. 1997) with high

reported sensitivity (97-100%), specificity (92-93%)
and accuracy (92-94%) for the diagnosis of acute
appendicitis (Levine et al. 2006). According to a
recent study by Cobben et al. (2009), even unen-
hanced MRI has a high accuracy in detecting and
excluding appendicitis and can be a valuable and cost-
effective tool in the management of patients with
clinically suspected appendicitis. In addition, Inci
et al. (2010a) found out that unenhanced MRI pro-
vides the detection of acute appendicitis even in cases
with low Alvarado scores. A recently published meta-
analysis concluded that MRI has excellent diagnostic
capabilities in the diagnosis of appendicitis (Barger
and Nandalur 2010).

5 MRI and Acute Appendicitis During
Pregnancy

Acute appendicitis is the most common cause of acute
abdomen in pregnancy and occurs in approximately
1 in 1500 deliveries (Sharp 2002). Its management in
a pregnant woman implies unique diagnostic and
therapeutic challenges. Anatomical and physiological
changes during pregnancy confound the clinical
evaluation. In pregnant patients, localization of pain is
not specific for the diagnosis of acute appendicitis, as
the appendix migrates upwards during pregnancy. It is
also important to realize that there is a physiologic
increase in the white blood cell count in pregnancy.
These difficulties can lead to a delay in diagnosis
which can be associated with serious complications.
The incidence of fetal loss ranges between 3 and 5%
without rupture and increases to 30% with ruptured
appendicitis (Sharp 2002). On the other hand, higher
false-negative laparotomy rate in pregnant patients
compared with that of the general population results
from the lack of specificity in clinical and laboratory
findings (Levine et al. 2006): In 48—80% of pregnant
patients who underwent appendectomy, the diagnosis
of acute appendicitis can be confirmed (Hee and
Viktrup 1999). Unnecessary surgeries are not free
from risk and preterm contractions are common in as
many as 83% of pregnant patients who undergo
appendectomy (Firstenberg and Malangoni 1998).
Therefore, there is a need for an accurate and safe
non-invasive imaging tool to evaluate pregnant
patients with acute appendicitis. The current practices
in imaging pregnant women by MRI, as well as by
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Fig. 3 Perforated appendicitis in a 18-year-old pregnant
woman. T1-weighted gradient-echo image (a) shows inflam-
matory mass (arrows) in the right-lower quadrant with low
signal intensity. T2-weighted single-shot fast spin-echo image
with fat saturation (b) inflammatory mass (arrows) has high

other imaging techniques (ultrasonography and CT),
is also extensively discussed by Jaffe in “Imaging of
Acute Appendicitis in Adults: Current Practices in
Pregnant Women”.

5.1 Role and Performance of MRI

US with a graded compression technique is the first-
line investigation in pregnant patients presenting with
right-lower quadrant pain. However, identification of
normal or inflamed appendix is more difficult in
pregnant patients due to the enlarged uterus, espe-
cially in the advancing gestational age. Several papers
from different centers investigating the role of MR
imaging for evaluation of acute appendicitis specifi-
cally in pregnant patients have been published within
the last couple of years (Birchard et al. 2005; Cobben
et al. 2004; Israel et al. 2008; Oto et al. 2005; Oto
et al. 2009a). In their small series of 12 patients,
Cobben et al. (2004) concluded that MR imaging may
be a good alternative to CT in pregnant patients with
indeterminate sonographic findings. The two other
series with relatively larger study populations (n = 23
and n = 29) showed that MR can enable the diag-
nosis of acute appendicitis and other causes of right-
sided abdominal pain, such as ovarian torsion, pelvic
abscesses, ureteral stones or biliary obstruction by
providing a systematic evaluation of abdominal and
pelvic organs (Birchard et al. 2005; Oto et al. 2005).
In another series of 50 patients, the overall sensitivity,
specificity and accuracy for MR imaging in diagnosis
of acute appendicitis was reported as 100, 93.6 and
94% respectively (Levine et al. 2006). Intravenous

signal abnormality and is compatible with a periappendiceal
abscess from ruptured appendicitis. Inflammatory changes
(arrows) show bright signal on diffusion-weighted image at
b-value of 800 mm?/s (c)

contrast was not administered in the majority of the
patients included in these series. MR can also show
the normal appendix, helping to exclude the diagnosis
of acute appendicitis and saving the pregnant patients
from unnecessary appendectomies. In a study of
pregnant patients, normal appendix could be detected
in 83% of 47 patients (Levine et al. 2006). In a series
of 148 pregnant patients, clinically suspected of
having acute appendicitis, use of MR imaging yielded
favorable combinations of negative laparotomy rate
(30%) and perforation rate (21%) compared with
previously reported values. The radiation exposure
associated with CT examination can be avoided in
most cases. In comparison to US, MRI showed an
improved detection rate for appendicitis (100 vs.
36%) (Pedrosa et al. 2009). Israel et al. (2008) also
found MRI superior to US in detection of both normal
and inflamed appendix. The sensitivity, specificity,
positive predictive value (PPV) and negative predic-
tive value for the diagnosis of appendicitis on MRI
was 100% for all parameters whereas the sensitivity,
specificity, PPV and NPV on US was 50, 100, 100
and 66%, respectively. MR imaging can be an
excellent modality in pregnant women who present
with acute abdominal pain and in whom a normal
appendix is not visualized at US (Levine et al. 2006).

An important difference between appendicitis in
pregnant and non-pregnant patients is the anatomical
alterations during pregnancy, which are visible on
MRI: Oto et al. (2006) confirmed the gradual upward
displacement of the appendix during the pregnancy on
MRI in a study with 72 pregnant patients. The visu-
alization of anatomical changes is not only crucial for
the detection and evaluation of the appendix but it can
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be a helpful tool for the choice of appendectomy
incision. Due to the changes in the location of the
appendix, clinical presentation of acute appendicitis
can also change during pregnancy and pregnant
patients with advancing gestational age may present
with right upper quadrant pain (Sharp 2002). MR
imaging can demonstrate other etiologies of acute
abdominal pain and is an excellent modality for diag-
nosis of acute appendicitis and exclusion of diseases
requiring surgical/interventional treatment. Therefore,
MR imaging is useful for triage of pregnant patients
with acute abdominal and pelvic pain. (Oto et al.
2009a). The sensitivity, specificity, accuracy, positive
predictive value and negative predictive value of MR
imaging for diagnosis of etiology of acute abdominal
pain requiring surgical/interventional treatment was
88.9, 95.0, 94.1, 76.2 and 97.9%, respectively.

5.2 MR-Safety

Ultrasound is safe technique for the fetus but limited
in performance during pregnancy. When CT is per-
formed as an alternative to US to evaluate abdomi-
nopelvic pathologies, fetus is included in the field of
view and exposed to an estimated dose between 12.5
and 35 mSV (El-Khoury et al. 2003; Leyendecker
et al. 2004). MRI does not expose the mother or fetus
to ionizing radiation and unenhanced MR images are
often diagnostic (Leyendecker et al. 2004). No studies
have demonstrated a clear risk to unborn human
fetuses from MRI, but the safety of MR imaging with
respect to the fetus has not been definitively estab-
lished. In 1991, the safety Committee of the Society
for Magnetic Resonance Imaging stated that “MR
imaging may be used in pregnant women if other non-
ionizing forms of diagnostic imaging are inadequate
or if the examination provides important information
that would otherwise require exposure to ionizing
radiation” (Shellock and Kanal 1991). MR imaging
utilizes the static, time-varying and radio-frequency
electromagnetic fields, and all of these fields can
potentially cause adverse effects on the fetus. Animal
studies on the safety of fetal MR are not conclusive
and sometimes conflicting (De Wilde et al. 2005).
However, a small number of studies in human fetuses
using regular MR-imaging protocols have not
revealed any harmful effects on the fetus (Baker et al.
1994; Clements et al. 2000; Kok et al. 2004; Myers

et al. 1998). Baker et al. (1994) performed a three
year follow-up study of children imaged in utero and
found no demonstrable increase in disease or dis-
ability related to in utero MR exposure. Schenck et al.
reviewed the safety of high-static magnetic field
effects on human health and concluded that there is no
firmly-established detrimental effect except for sen-
sory effects such as vertigo or metallic taste (Schenk
2000). Myers et al. (1998) reported no significant
reduction in fetal growth versus matched controls in
74 volunteer subjects exposed in utero to echo-planar
MRI performed at 0.5-Tesla. A survey of reproductive
health among 280 pregnant MR health care profes-
sionals performed by Kanal et al. (2007) showed no
substantial increase in common adverse reproductive
outcomes.

Thermal heating is a potential result of pulsed
radio-frequency (RF) (De Wilde et al. 2005). Heats on
embryo or fetus can potentially result in a range of
deformities of the central nervous system and there is
a particular vulnerability during organogenesis
(Edwards et al. 2003). The amount of energy depos-
ited in a patient as a result of a MR examination is
referred to as the specific abortion rate (SAR), which
is regulated in the United States by the Food and Drug
Administration. So far, different limits have not been
accepted for pregnant patients. Increasing static
magnetic field strength, flip angle, number and spac-
ing of radiofrequency pulses lead to higher SAR
values. Therefore, there are sequences with higher
SAR values such as fast spin-echo-based while gra-
dient-echo sequences, which do not depend on
radiofrequency refocusing, are associated with rela-
tively low SAR values (De Wilde et al. 2005;
Leyendecker et al. 2004). But even there is the
potential that long echo trains cause fetal heating,
single-shot echo train spin-echo sequences is com-
monly used in maternal and fetal imaging and unli-
kely result in significant temperature changes
(Leyendecker et al. 2004; Levine et al. 2001). Due to
lack of conclusive data, MR imaging of pregnant
women should be used when the benefits outweigh
the theoretical risks, and extra caution should be
exercised in the first trimester (US Food and Drug
Administration 1988).

5.2.1 First-Trimester Imaging
The first trimester is the period of active organogen-
esis and the absolute safety during this period is
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difficult to establish. MR imaging is to be avoided in
this period even there is no scientific evidence in
humans to suggest an increased risk to the fetus from
a routine MR examination. MR examination should
thus be only performed if the potential benefits justify
the theoretical risks.

5.2.2 Intravenous Contrast Media
Gadolinium is a class C drug and its safety in humans is
not proven. Therefore, it is suggested that in pregnant
patients, gadolinium-based agents can be only used in
the second and third trimester when the benefits out-
weigh the risk (Brown et al. 2005). In animal studies,
Gadolinium-based contrast agents cross the placenta
and have been shown to cause retarded fetal develop-
ment and skeletal malformation at higher doses.
Although gadolinium crosses the placenta, no direct
toxic effect has been reported in a small number of
human studies (Webb et al. 2005). Especially in the
advanced staging of pregnancy, fetal kidney may also
clear some of the injected gadolinium. Consequently,
the Committee on Drugs and Contrast Media recom-
mends that radiologists confer with the referring phy-
sician and discuss the potential clinical benefit of MR
imaging over that of other modalities and the necessity
of gadolinium for diagnosis (MRIsafety.com Web site
2010; Webb et al. 2005).

5.2.2.1 Field Strengths
During the last decade, 3 T MRI scanners have been
widely available and started to be utilized in body
imaging. Main advantages of 3.0 T MR, compared to
1.5 T MR, are increased signal-to-noise ratio and
higher spatial and temporal resolution. In addition,
contrast effects are more pronounced using 3.0 T MR.
On the other hand, 3.0 T MR leads to increased field
inhomogeneity, standing wave artifacts, chemical shift
and susceptibility artifacts. Altered relaxation times,
especially prolonged T1 relaxation time, lead to a
reduction of contrast on T1-weighted images, which
necessitate an increase in TR and acquisition time.
For more than 20 years MR imaging has been used
to evaluate obstetric, placental and fetal abnormalities
and many investigations have been conducted in
laboratory and clinical settings to determine the
effects of MR imaging during pregnancy (Prasad et al.
1990; Tyndall and Sulik 1991; Yip et al. 1995).
However, most of these studies were performed at
field strengths of less than 3.0 T, and these results

should not be directly applied to 3.0 T or higher field
strengths scanners (Barth et al. 2007). Further
research is necessary to draw more certain conclu-
sions about the safety of higher field strength scanners
and lower field strength (up to 1.5 T) should be pre-
ferred for pregnant patients.

6 Differential Diagnoses and Pitfalls

Acute right-lower quadrant pain may be caused by a
myriad of diagnosis including inflammatory processes
involving the small and large bowel, obstetric and
gynaecologic disorders or urinary tract disorders.
Rapid and accurate diagnosis is essential for the
appropriate treatment of these acute conditions.
Imaging protocols should be tailored to the specific
clinical question that needs to be answered and
patient‘s clinical condition with emphasis on mini-
mizing scan duration and motion-related artifacts. MR
imaging has particular advantages over CT for
assessing pelvic and biliary abnormalities.

6.1 Biliary System

6.1.1 Acute Cholecystitis

Acute cholecystitis is the third most common non-
obstretric surgical emergency during pregnancy.
Increased cholesterol synthesis by estrogen and
impaired gallbladder motility lead to bile lithoge-
nicity and sludge formation during the pregnancy
(van Bodegraven et al. 1998). US is the imaging
modality of choice but MR imaging with single-shot
turbo spin-echo sequences is an excellent modality
to evaluate acute biliary pain and is comparable to
US in the preoperative management of acute chole-
cystitis (Regan et al. 1998). Findings of acute cho-
lecystitis on MR imaging include wall thickening of
the gall bladder, distended gallbladder with the
presence of gallstones and increased pericholecystic
signal on T2-weighted images (Adusumilli and
Siegelman 2002). In a series of 18 pregnant patients
who underwent MRCP and US, biliary dilatation
was detected in eight patients by ultrasound, but the
cause of biliary dilatation could not be determined
by ultrasound in seven patients. MRCP demonstrated
the etiology in four of these patients (choledocholi-
thiasis (n =1), Mirizzi syndrome (n = 1),
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Fig. 4 Ileitis in a 31-year-old pregnant woman. Coronal T2-
weighted single-shot fast spin-echo image (a) shows wall
thickening of the terminal ileum (arrows) consistent with

choledochal cyst (n = 1) and intrahepatic biliary
stones (n = 1) and excluded obstructive pathology
in the other four patients. Especially when ultra-
sound shows biliary dilatation, MRCP can determine
the etiology and save the patient from unnecessary
endoscopic retrograde cholangiopancreatography by
excluding a biliary pathology (Oto et al. 2009b).

6.2 Inflammatory Processes Involving
the Small and Large Bowel
6.2.1 Right-Sided Acute Diverticulitis

Acute colonic diverticulitis is the second most com-
mon cause of acute abdominal pain, usually affecting
the left colon. If the right colon is involved, it can
mimic acute appendicitis. Contrast-enhanced CT is
the imaging modality of choice but is limited in
patients with renal failure and in pregnant patients due
to fetal safety issues. MRI allows the diagnosis of
acute diverticulitis (Hammond et al. 2008;
Heverhagen et al. 2001). Imaging features include
inflammatory changes in the bowel wall with thick-
ening, fluid and enema with high signal intensity on
T2-weighted images in the inflamed mesenteric fat
surrounding the inflamed diverticulum. The inflamed
diverticulum shows enhancement on post-contrast T1-
weighted images outpouching of the colon. Divertic-
ular abscesses show a peripheral rim-enhancement
with central low signal on T1-weighted images and
high signal on T2-weighted images.

ileitis. T2-weighted fat saturated fast spin-echo image
(b) reveals edematous wall thickening leads to intramural high
signal intensity (arrows)

6.2.2 Inflammatory Bowel Disease

Patients with inflammatory bowel disease (e.g.,
Crohn’s disease and ulcerative colitis) can be evalu-
ated with high sensitivity with MR imaging (Sinha
et al. 2009). The peak age of incidence of inflam-
matory bowel disease and acute appendicitis is very
similar and acute flare of Crohn‘s disease may mimic
acute appendicitis. In patients with acute flare of
Crohn‘s disease, MRI may demonstrate of a normal
appendix and inflamed terminal ileum and other small
bowel segments. Edematous bowel thickening at the
acute phase is seen as hyperintense intramural signal
on T2-weighted images and enhancement after con-
trast administration suggest inflamed, abnormal bowel
(Fig. 4). Furthermore MRI provides the detection of
complications such as fistulas and abscesses. In some
cases, appendix may also be diffusely inflamed due to
involvement by Crohn‘s disease. These cases should
be differentiated from acute appendicitis cases
requiring immediate surgical treatment.

6.3 Obstretic and Gynecologic Disorders
6.3.1 Adnexal Torsion

Ovarian torsion is a gynecologic emergency which is
a result of twisting of the ovary around its vascular
pedicle. It most commonly occurs in the first three
decades of life and frequently involves the ovary and
corresponding fallopian tube. Initially, torsion com-
promises venous return from the ovary and ovarian
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Fig. 5 Adnexal torsion in an 18-year-old pregnant woman.
Axial T1-weighted gradient-echo image (a) shows enlarged,
hypointense right adnexa (arrows) containing multiple periph-
erally located follicles. The right enlarged adnexa (arrows) has

a high-signal intensity on T2-weighted single-shot fast spin-
echo image (b) and the follicles appear as circumscribed low
signal intensity areas

a l b /‘T\ -
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Fig. 6 Ectopic pregnancy in a 40-year-old pregnant woman.
Axial T1-weighted gradient-echo image (a) shows a well-
defined, hypointense, cystic structure (arrow) at the anterior-
inferior aspect of the uterus. Axial T2-weighted single-shot fast
spin-echo image (b) reveals the ectopic positioning gestational

enlargement because stromal edema is noted. On T2-
weighted images ovarian edema leads to an increased
signal (Fig. 5). A greater degree of torsion results in
arterial insufficiency with hemorrhagic infarction and
necrosis. The signal intensity of the ovary on MRI is
variable and decreased on TI1- and T2-weighted
images at presence of hemorrhagic infarction. Other
MR findings include tubal thickening, deviation of the
uterus to the torsed side, a twisted vascular pedicle
and inflammatory fluid in the cul-de-sac (Bennett
et al. 2002; Chiou et al. 2007; Ghosain et al. 2004;
Pedrosa et al. 2007; Vijayaraghavan et al. 2009). T1-
weighted images with fat saturation provide the
detection of hemorrhagic tube or hemorrhage within
the twisted adnexal mass or hemoperitoneum as high

sac (arrow) just above the level of the cervix and posterior
bladder. Sagittal T2-weighted single-shot fast spin-echo image
(c) shows the uterine contour appears posterior to the gesta-
tional sac (arrow) and no viable myometrium is seen anterior to
the gestational sac

signal intensity (Rha et al. 2002). In some cases, an
associated ovarian cyst or benign neoplasm may be
seen (Singh et al. 2007).

6.3.2 Ectopic Pregnancy

Ectopic pregnancy refers to implantation and growth
of a fertilized ovum in a location outside the cavity of
the uterus. Potentially, rupture at the extrauterine site
may result in massive hemorrhage or occasional
death. Laboratory findings and transvaginal US
remain the gold standard of care in the evaluation and
MR imaging is proposed in patients where US find-
ings are inconclusive. The most common finding is a
tubal hematoma which appears as intermediate signal
on TIl-weighted images and low signal on T2-



128

C. Schmid-Tannwald and A. Oto

weighted images (Kataoka et al. 1999). Paraovarian
gestional sac-like structure in the adnexa may be
identified (Fig. 6). Free fluid of intermediate signal
intensity, greater than that of urine is characteristic for
hemoperitoneum.

6.4 Urinary Tract Disorders

6.4.1 Urolithiasis

Even if the urinary tract is commonly evaluated by US
and CT, MRI can be helpful in patients with contra-
indications for contrast media or radiation. Acute
obstruction may result in increased perirenal fluid,
which is best seen on T2-weighted images as high-
signal intensity. Dilated ureter is suspicious for the
presence of ureterolithiasis and stones may be seen as
filling defects on T2-weighted images (Pedrosa et al.
2007). Unenhanced MR urography is a valuable and
well-tolerated investigation for evaluation of painful
hydronephrosis during pregnancy and its differentia-
tion from obstruction by stones (Roy et al. 1996;
Spencer et al. 2004). Spencer et al. (2004) described
the MR findings of physiological hydronephrosis as
extrinsic compression of the middle third of the ureter
with a collapsed distal ureter and without any filling
defect. Thin slice, high resolution highly T2-weighted
FSE sequences improves the ability of MR urography
for detection of small stones. Care should be taken not
to mistake air, clot or flow artifacts for a stone.

6.5 Pitfalls

One of the pitfalls is the mistaking of the terminal
ileum and appendix for each other. Therefore, a fluid-
filled terminal ileum or terminal ileitis might lead to
false-positive diagnosis. Further conditions which can
lead to false-positive results include right sided
inflammatory changes such as right sided diverticu-
litis, cholecystitis or fluid in the right lower quadrant
(e.g., ascites, abscess) which may be read as associ-
ated findings with acute appendicitis. In pregnant
patients, it may be difficult to locate the appendix and
differentiate it from engorged adnexal vessels. On the
other hand, false-negative MR diagnosis of acute
appendicitis may result if a distended appendix is
mistaken for the terminal ileum or if ascites obscures
periappendiceal inflammation.

7 Conclusion

MR imaging enables a systemic, multiplanar evalua-
tion of the entire abdomen and allows diagnosis of a
variety of diseases presenting as acute abdominal
pain. It is proven to be an useful alternative imaging
technique for the diagnosis of acute appendicitis. MR
imaging is a valuable alternative to CT when US
findings are inconclusive, especially in patients with
higher risk for radiation exposure such as pregnant
and pediatric patients. With the recent technical
advantages, MR examinations can be performed in a
shorter time and provide reliable results. In patients
with acute abdominal pain, MR-imaging protocol
should be tailored to their clinical condition and
imaging should be completed in the shortest possible
duration. As MR imaging is being increasingly used
for acute settings, it is important for the radiologists to
recognize the MR appearance of common causes of
acute abdominal pain during pregnancy.
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Abstract

Appendicitis is the most common non-obstetric
surgical diagnosis made during pregnancy and is
the most frequent indication for emergency
surgical intervention. Swift and accurate diagno-
sis of appendicitis greatly impacts these preg-
nancy outcomes. For these reasons, imaging has
become central to the diagnosis of appendicitis in
the pregnant patient. Current recommendations
for evaluation of appendicitis in pregnant women
involve initial imaging with ultrasound. Ultra-
sound is known to be safe in pregnancy and is
routinely used as the first line imaging modality
to identify the source of abdominal pain in the
pregnant patient. If the diagnosis remains incon-
clusive, a thoughtful conference with referring
clinicians should help guide the radiologist’s next
imaging modality of choice. MRI is preferable to
CT given radiation concerns. The MR findings of
appendicitis include a dilated, thick walled blind-
ending tubular structure measuring >7 mm with
periappendiceal stranding and inflammation. Peri-
appendiceal inflammatory changes, best seen on
T2-weighted imaging, correspond to edema
surrounding the inflamed appendix. The use of
gadolinium should be avoided in pregnancy. If
MRI is unavailable, CT may be used although
radiologists should make all efforts to reduce
dose during this examination. Dose reduction
recommendations include reduction of kilo-
voltage for smaller patients, decreasing milliam-
perage, increasing allowable noise, and taking
care to limit the field of view and avoid multiple
phases.
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1 Introduction

Appendicitis is the most common non-obstetric sur-
gical diagnosis made during pregnancy and is the
most frequent indication for emergency surgical
intervention. The incidence of appendicitis in preg-
nancy is between 1:1,500 and 1:200 pregnancies
(Dietrich et al. 2008). Pregnant women are not at
greater risk of developing appendicitis, but because
appendicitis is a disease of young adults, it is not
uncommon for women of reproductive age to be
affected.

The incidence of perforated appendicitis in the
pregnant patient is 43%, well above that of the non-
pregnant patient (Dietrich et al. 2008). Morbidity and
mortality increase with delayed diagnosis and perfo-
ration and maternal mortality increases with advanc-
ing gestational age of the fetus. These rates have
declined in the recent era of improved surgical
intervention and techniques as well as superior anti-
biotic regimens. Fetal morbidity and mortality still
exist, and perforated appendicitis is the number one
surgical cause of fetal loss during pregnancy with
mortality rates between 2 and 6% (McGory et al.
2007; Cappell and Friedel 2003; Parangi et al. 2007).
Preterm delivery is the most common factor influ-
encing fetal morbidity, with preterm delivery rates
ranging from 4 to 37% (Dietrich et al. 2008; McGory
et al. 2007). Swift and accurate diagnosis of appen-
dicitis greatly impacts these pregnancy outcomes.
For these reasons, imaging has become central to the
diagnosis of appendicitis in the pregnant patient.

During the first trimester, the appendix resides in
the right lower quadrant and in the setting of appen-
dicitis there is localized peritoneal irritation to this
region. By 24 weeks gestation, however, the appendix
will have shifted above the right iliac crest and the tip
of the appendix will have rotated medially toward the
uterus (Parangi et al. 2007). By late in the pregnancy,
the appendix may move closer to the gallbladder
within the right upper quadrant. As there is increased
separation of the visceral and parietal peritoneum
during pregnancy, there is decreased somatic sensa-
tion of pain and ability to localize pain on examina-
tion. Pain become less localized and abdominal
guarding and rebound tenderness become less reliable
signs of appendiceal inflammation. A more diffuse
peritonitis may be seen as the enlarging uterus may

Fig. 1 Ultrasound of 8-week patient with right lower quadrant
pain, rule out acute appendicitis. Longitudinal image of a
dilated appendix in the right lower quadrant with an appendi-
colith (white arrow)

interfere in the ability of the omentum and bowel to
wall-off appendiceal inflammation (Dietrich et al.
2008). To further confound the issue, pyrexia may be
absent in the pregnant patient. Additionally, pregnant
women have a physiologic leukocytosis that may
confuse the presentation of appendicitis. Abdominal
pain related to gestation (including nausea and vom-
iting as well as anorexia) may confound presenting
symptomatology of appendicitis. The differential
diagnosis of appendicitis in this patient population
includes routine pregnancy pains (ligamentalgia, etc.),
obstetrical conditions including ectopic pregnancy,
placental abnormalities, and ovarian lesions/torsion.
Finally, non-obstetrical conditions including pul-
monary embolus, pancreatitis, pyelonephritis, uro-
lithiasis, or biliary tract disease can present with
similar symptoms to appendiceal inflammation
(Dietrich et al. 2008).
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Fig. 2 Ultrasound of 13-week pregnant patient with right
lower quadrant pain, rule out acute appendicitis. a Ultrasound
image of uterus shows intrauterine pregnancy, b Longitudinal
image in the right lower quadrant shows a dilated appendix

2 Ultrasound

While physical examination is the starting point for
detection of appendicitis in pregnancy, a confirmative
imaging modality is often required to rule out other
potential diagnoses. Ultrasound is known to be safe in
pregnancy and is routinely used as the first line imaging
modality to identify the source of abdominal pain
in the pregnant patient. The ultrasound diagnosis of
appendicitis requires the identification of a dilated,
aperistaltic, noncompressible, blind-ending tubular
structure arising from the cecum. Additional findings
including appendiceal wall thickening, appendicoliths,
hyperechoic surrounding fat, or hypoechoic free fluid
may also be seen in the setting of acute appendicitis
(Figs. 1, 2) (see also chapter “Ultrasonography” by
Jeffrey). Ultrasound is highly operator-dependent with
sensitivity and specificity ranging from 50-100 to
33-95%, respectively (Barloon et al. 1995; Woodfield
etal. 2010; Lim et al. 1992). The elevated or retrocecal
appendix complicates the sonographic examination
and negative ultrasound does not exclude the diagnosis
of appendicitis. If the suspicion of appendicitis remains
high, further imaging should be undertaken.

3 MRI

When available, MRI is the preferred method of
imaging the pregnant patient in the setting of non-
traumatic abdominal pain. In a 2007 survey of practice

Nl

RLG TRANS

with caliper measurement of 9 mm, ¢ Transverse image of the
appendix with (leff) and without compression (right). The
appendix does not change with compression

patterns in academic centers, Jaffe et al. (2007) found
that 94% of respondents prefer MRI in the evaluation of
right lower quadrant pain in a pregnant patient. Based
on ACR Appropriateness Criteria, MRI is favored over
CT for use in pregnant patients with symptomatology
related to the right lower quadrant (American College
of Radiology 2008). Furthermore, recent recommen-
dations from a meta-analysis of the data available in
imaging pregnant patients with abdominal pain suggest
that MRI should be the preferred imaging modality
(Long et al. 2011). The MRI examination should be
short and tailored to identify inflammation. While there
is no data to suggest that there is risk to the fetusat 1.5 T
magnet strength, safety at higher field strength has not
been adequately assessed. The use of oral contrast
material is optional. The appendicitis MRI protocol
typically includes axial, sagittal, and coronal T2-
weighted imaging with single-shot fast spin echo
(SSFSE or HASTE) and true fast imaging with steady
state precession (TrueFISP, FIESTA, and balanced fast
field echo). T2-weighted SSFSE images allow evalu-
ation of bowel in a relatively motionless state and the
multi-planar imaging allows identification of the
appendix in multiple planes. The true FISP imaging
helps to differentiate high signal intensity vessels from
low signal intensity normal appendix. It is important for
the radiologist to confirm adequate MRI coverage in an
effort to limit excessive repetitive imaging.

The normal appendix can be seen on MRI imaging
in approximately 52-87% of patients (Fig. 3) (Singh
et al. 2007; Pedrosa et al. 2009; Israel et al. 2008; Oto
et al. 2006). The MRI findings of appendicitis include
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Fig. 3 MRI of 17-week
pregnant patient with
abdominal pain. a Coronal
True-FISP MR image without
contrast shows normal
appendix in the right lower
quadrant (white arrow),

b Coronal HASTE MRI
image again identifies a
normal appendix in the right
lower quadrant (white arrow)

a dilated, thick walled blind-ending tubular structure
measuring >7 mm with periappendiceal stranding
and inflammation (Fig. 4). Periappendiceal inflam-
matory changes, best seen on T2-weighted imaging,
correspond to edema surrounding the inflamed
appendix (Fig. 5). MRI findings of acute appendicitis
are also discussed in chapter “MRI” by Schmid-
Tannwald and Oto. There is a range of reported
sensitivity and specificity of MRI in the diagnosis of
appendicitis in the pregnant patient as well. A meta-
analysis of available data reports MRI sensitivity and
specificity ranging from 91 to 95 and 99%, respec-
tively (Blumenfeld et al. 2010). Other data is less
optimistic, with sensitivities and specificities ranging
from 50-80 to 93-100%, respectively (Pedrosa et al.
2009; Israel et al. 2008; Vu et al. 2009; Pedrosa et al.
2006).

Gadolinium-based contrast materials are classified
as FDA Pregnancy Class C medications, as defined by
the following: either studies in animals have revealed
adverse effects on the fetus and there are no con-
trolled studies in women or studies in women are not
available. Gadolinium given in a chelated form is
nontoxic, however, as seen in animal studies, gado-
linium crosses the placenta, and is retained in the
repetitive fetal circulation and accumulates in the
amniotic fluid where it may dissociate from the che-
lating agent (Cacheris et al. 1990). There is concern
that free or unbound gadolinium in the amniotic fluid
may have a teratogenic effect. The ACR Manual on

Fig. 4 MRI of 18-week pregnant patient with abdominal pain.
Coronal HASTE MRI image without contrast shows a dilated
appendix (white arrow) with mild periappendiceal inflammation.
The patient went to the operating room for acute appendicitis

Contrast Media 7 states, “gadolinium chelates should
not be routinely used in pregnant patients” (American
College of Radiology 2010). ESUR guidelines allow
for the use of gadolinium in pregnancy when there is a
very strong indication for contrast media to ensure
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Fig. 5 a, b MRI of 22-week
pregnant patient with
abdominal pain. a Sequential
coronal HASTE MRI images
without contrast show a
dilated, fluid-filled appendix
(white arrow) with mild
periappendiceal inflammation.
b Tip of appendix with
inflammation acute
appendicitis was found in the
pathologic specimen

diagnostic accuracy during pregnancy. In general, it
advisable to avoid administration of gadolinium-
based contrast media during pregnancy.

4 cT

Unfortunately, the detection of appendicitis in a
pregnant patient may be limited by availability of
imaging modalities. There are instances where
ultrasound is inconclusive and MRI is not available.
In this case, multidetector CT (MDCT) imaging may
be a better than a delay in diagnosis. CT is routinely
accessible and the examination carries with it sen-
sitivity and specificity for diagnosis of appendicitis
of 96 and 95%, respectively (Paulson et al. 2005).
CT has been shown to be equally accurate for
appendicitis in the pregnant woman, with reported
sensitivities ranging from 92 to 100 and a specificity
of 99% (Lazarus et al. 2007; Shetty et al. 2010). If
the appendix can be identified and is normal in size
and without periappendiceal inflammation, appendi-
citis can be excluded (Figs. 6, 7). CT findings of
appendicitis in the pregnant patient are the same as
those of the non-gravid patient: inflammation and
enlargement of the appendix to >7 mm with wall
thickening, stranding in the periappendiceal fat, and
if perforated, air or fluid surrounds the inflamed
appendix (Fig. 8). In a recent study of 400 non-
pregnant patients with abdominal pain, Ganguli et al.
(2006) concluded that nonvisualization of the
appendix on MDCT reliably excludes appendicitis.
While the identification of the appendix is more

complex in the setting of a gravid uterus, if the
appendix location is unclear and there is no evidence
of inflammation at the base of the cecum, the
diagnosis of appendicitis may be excluded.

The main limitation of CT in the pregnant patient
is radiation exposure. While the existing language in
the available literature varies as to suggested guide-
lines for the imaging of abdominal pain in the preg-
nant patient, the overarching message is that of the
judicious use of CT when the benefit to patient out-
weighs the risk to the fetus. The American College of
Radiology has issued recommendations regarding CT
imaging in the pregnant patient which can be found in
the ACR practice guideline for imaging pregnant or
potentially pregnant adolescents and women with
ionizing radiation: resolution 26 (American College
of Radiology 2008). These guidelines include con-
ference with the referring physician and documenta-
tion of the necessity for the examination, including
the urgency of the examination. Recommendations
from the Health Protection Agency, Royal College of
Radiology, and College of Radiographers suggest that
exposure of pregnant women to higher dose radiation
procedures, including CT, should be avoided but
if clinically justified, termination of the pregnancy
would not be justified solely on radiation risk to the
unborn child (Wall et al. 2009). ICRP guidelines
suggest that all medical practices should be justified
where the benefit will outweigh the risks and, if
possible, for pregnant patients, the medical proce-
dures should be tailored to reduce fetal dose (Valentin
2000). Finally, the American College of Obstetrics and
Gynecology suggests that other imaging procedures
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Fig. 6 CT of 20-week pregnant patient with abdominal pain.
a Axial CT image with intravenous and oral contrast shows a
normal air-filled appendix (black arrow). The CT was per-
formed without tube current modulation and a reduction of tube

Fig. 7 CT of 30-week pregnant patient with abdominal pain.
Axial CT image with oral contrast shows a normal appendix
filled with oral contrast (white arrow). The tube current was
reduced by 30% for this acquisition

without ionizing radiation be considered when
appropriate (American College of Obstetrics and
Gynecology 2004).

Fetal dose from an abdomen/pelvis MDCT scan in
the first trimester ranges from 9.5 to 36, depending on
the scanning parameters used, with lower doses seen
using automated tube current modulation and lower kV

current by 30%. The resultant increase in noise is most easily
seen in the subcutaneous tissues (white arrow), b Coronal
image with intravenous and oral contrast shows a normal air-
filled appendix (black arrow)

(Jaffe et al. 2008, 2009). Fetal doses for MDCT during
the second and third trimester are less well understood.
It has been suggested in phantom data that fetal dose
correlates with maternal perimeter and fetal depth and
that normalized fetal doses decreases linearly with
increasing maternal perimeter (Angel et al. 2008).

Although absorbed fetal dose during abdominal CT
falls below the threshold for teratogenesis (50 mGy)
(American College of Radiology 2008; Annals of the
ICRP 2003), there is little human data regarding the
carcinogenic effects of CT dose exposure in utero.
Estimates from the International Commission on
Radiological Protection Publication 90 suggests that
the overall risk of childhood cancer for a fetus receiving
3.0 cGy (the fetal dose reported by Hurwitz et al. 2006
for an appendicitis protocol) is double that of the gen-
eral population, an increase from 1 in 600 to 2 in 600
(Annals of the ICRP 2003). The excess risk of devel-
oping a childhood cancer has been estimated to be
approximately 0.28 at 1 mGy in the first trimester, 0.03
in the third trimester, and 0.037 overall during the
pregnancy (Annals of the ICRP 2003).

All efforts should be undertaken to modify CT
protocols in the pregnant patient to allow for the lowest
tolerable dose for diagnostic accuracy. To date, there is
debate about the role of automated tube current mod-
ulation and fetal dose. While automated tube current
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Fig. 8 CT of 17-week pregnant patient with abdominal pain.
Surgeons insisted on CT imaging. a Transverse image with
intravenous and oral contrast shows a dilated enflamed
appendix containing appendicoliths (black arrow). The tube
current was reduced by 30% for this acquisition, b Trans-
verse image in the same patient shows a periappendiceal

modulation (ATCM) has been shown to decrease fetal
dose in the first trimester, data regarding the later tri-
mesters is scarce. ATCM settings are derived by the
scanogram (CT projection radiography). As maternal

inflammation and fat stranding (white arrow), ¢ Coronal image
in the same patient shows a dilated enflamed appendix (black
arrow) and periappendiceal fat (white arrow), d Coronal image
in the same patient shows appendicoliths (black arrow). The
patient was taken to the operating room for acute appendicitis.
The fetus did not survive

girth increases, so will tube current increase to maintain
the same level of image noise. This model has not
been tested in the pregnant patient, where increases
in abdominal size include displacement of maternal
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organs in a cephalad direction and increasing size of the
developing fetus. Caution should be undertaken in the
application of ATCM in imaging of the abdomen and
pelvis in the pregnant woman. Either modification of
the CT protocol using ATCM to increase allowable
noise, and thus reduce dose, or application of a fixed
and lower tube current should be applied if CT is to be
undertaken in pregnancy. Dose reduction recommen-
dations from Wieseler et al. (2010) include decreasing
kilovoltage for smaller patients, decreasing milliam-
perage, and using automated tube current modulations,
increasing the pitch >1, and taking care to limit the field
of view and avoid multiple phases.

A discussion of CT protocols for imaging the preg-
nant patient would be incomplete without addressing
contrast media. There is increasing momentum to
abandon both oral and intravenous contrast media in the
evaluation of appendicitis. A recent review of imaging
protocols suggests that sensitivity and specificity for
detection of appendicitis are not altered in the absence of
intravenous contrast (Paulson and Coursey 2009)
although the studies have not been performed in the
pregnant patient. In contrast to gadolinium-based con-
trast agents, iodinated contrast is classified as a U.S.
Food and Drug Administration (FDA) Class B drug, as
in vivo tests in animals have shown no evidence of either
mutagenic or teratogenic effects with low-osmomolality
contrast media (LOCM), however, no adequate and
well-controlled teratogenic studies of the effects of these
media in pregnant women have been performed
(American College of Radiology 2010). Guidelines
from the American College of Radiology (2010) rec-
ommend documenting informed consent in the use of
iodinated contrast in the pregnant patient. The European
Society of Urogenital Radiology (ESUR) Guidelines on
Contrast Media suggest that in exceptional circum-
stances, iodinated contrast may be administered to the
pregnant female (ESUR Contrast Media Safety Com-
mittee 2007). Although the ESUR guidelines advise
surveillance of thyroid function in the neonate during the
first week of life, recent data suggests that this may not be
necessary (Atwell et al. 2008).

5 Conclusion

Current recommendations for evaluation of appendi-
citis in pregnant women involve initial imaging with
ultrasound. If the diagnosis remains inconclusive, a

thoughtful conference with referring clinicians should
help guide the radiologist’s next imaging modality of
choice. MRI is preferable to CT given radiation
concerns, and gadolinium should be avoided. If MRI
is unavailable, CT may be used although radiologists
should make all efforts to reduce dose during this
examination.
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Abstract

Acute appendicitis is the most common cause for
emergent abdominal surgery in pediatric patients.
Although most children with acute appendicitis
typically present with clinical signs and symptoms
that suggest acute appendicitis, approximately one-
third of children with acute appendicitis have
uncertain and non-specific clinical signs and
symptoms. In these pediatric patients, further
evaluation with imaging studies is often necessary
for proper patient management. The overarching
goal of this chapter is to review the plain
radiographic evaluation of acute appendicitis in
children including current imaging technique,
characteristic primary and secondary imaging
findings, and interpretation of plain radiographs
of acute appendicitis in pediatric population.

1 Introduction

Acute appendicitis is the most common cause for
emergent abdominal surgery in pediatric patients
(Sivit and Applegate 2003; Kwok et al. 2004; Puig
et al. 2008). It accounts for approximately 1-8% of
children who present with abdominal pain to the
emergency department (Kwok et al. 2004; Rothrock
and Pagane 2000). The incidence of acute appendi-
citis is estimated to be approximately in every 1000
children (Vasavada 2004; Sivit et al. 2001; Sivit
2004). Although most children with acute appendi-
citis typically present with clinical signs and symp-
toms that suggest acute appendicitis, approximately
one-third of children with acute appendicitis have
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Fig. 1 Eleven-week-old
infant. Immobilization for
proper patient positioning
for AP (a) and left lateral
decubitus (b) views of
abdominal radiographs can
be achieved by combining
sandbags and manual
holding of the patient

Fig. 2 Seven-year-old girl.
School age children are
typically cooperative for
supine (a) and upright

(b) views of abdominal
radiographs

uncertain and non-specific clinical signs and symp-
toms (Smink et al. 2004; Kaneko and Tsuda 2004). In
these pediatric patients, further evaluation with
imaging studies is often necessary for proper patient
management. In this chapter, we review the plain
radiographic evaluation of acute appendicitis in chil-
dren. Current imaging technique, findings, and inter-
pretation of acute appendicitis on plain radiographs in
children are highlighted.

2 Plain Radiographic Evaluation

Traditionally, plain abdominal radiographs have been
regarded as a useful initial imaging study in evalu-
ating children with suspected appendicitis (Rothrock
and Pagane 2000). Although there is extensive liter-
ature regarding the plain radiographic findings of

appendicitis, sufficient scientific evidence of sensi-
tivity and specificity for detecting appendicitis based
on plain radiographs in children is currently lacking
(Leonidas et al. 1975). Furthermore, most of the
previously published studies consist of a relatively
small number of patients and were published many
years ago, prior to the widespread utilization of
ultrasound and computed tomography for diagnosing
appendicitis in children. Currently, the diagnostic
imaging approach and the choice of imaging study for
evaluating appendicitis in children are widely varied
and depend on each institutional practice guidelines.

At our practice, almost all the imaging evaluation
for acute appendicitis is initiated from the emergency
department. The selection of the initial and sub-
sequent imaging modality is usually at the discretion
of the emergency department physician and consult-
ing surgeon. In most instances, an ultrasound would
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Fig. 3 Three-year-old boy
with fever, elevated white
blood cell count, and right
lower quadrant pain for two
days. Supine abdominal
radiograph a shows normal
bowel gas pattern.
Subsequently obtained
transverse oblique view b of
ultrasound demonstrates a
hyperemic and thickened wall
of the enlarged appendix
(arrows) in the right lower
quadrant consistent with acute
appendicitis. The patient
underwent surgery which
confirmed acute appendicitis
without perforation

be requested first, with or without a complementary
plain abdominal radiograph. When plain abdominal
radiographs are requested, the number of views is
usually left to the discretion of the referring physi-
cian, but typically a supine anteroposterior (AP)
radiograph is the routine view, which may be com-
plemented with either an upright or a decubitus view,
depending on the age of the patient. At our practice,
all the plain radiographs for the emergency depart-
ment are obtained in a dedicated radiography suite
located within the emergency department, which
decreases patient transport and delays.

2.1 Patient Preparation

Patient motion during imaging evaluation is always
problematic in children. The goal of pediatric imaging
is to obtain motion-free diagnostic quality images
while minimizing the number of re-takes and radia-
tion dose. Dedicated pediatric technologists, specially
trained in utilization of helpful techniques to decrease
patient motion including distraction and immobiliza-
tion devices, are essential for obtaining optimal
diagnostic quality images. In general, the decision for
patient preparation is guided by the age of the child as
discussed in the following paragraphs in this section.

Newborns and Infants

(<12 months old)

For newborns and infants, swaddling with blankets
during imaging, usually sooths the patients and reduces

2.1.1

Table 1 Plain radiographic imaging findings of acute appen-
dicitis in children

Appendicolith

Air—fluid levels in the expected location of the terminal ileum
and cecum

Loss of the obturator internus and properitoneal fat planes
Displacement of the cecum from the properitoneal fat line
Secondary scoliosis

Free intraperitoneal air

Small bowel obstruction

Colon cut-off sign

Disproportionate jejunal dilatation

motion. It is important to remove their diapers to avoid
potentially confusing artifacts on plain abdominal
radiographs (Godderidge 1995). Infants are especially
frightened when separated from their parents while
obtaining imaging studies. In this age group, having a
parent in the examination room assisting with holding
his or her child, usually reassures the patient, which in
turn, can greatly reduces motion. Alternatively,
immobilization while obtaining abdominal radio-
graphs can be achieved with a combination of linens,
tapes, Velcro belts, and sandbags in addition to manual
holding of patient (Fig. 1).

2.1.2 Toddlers (1-3 years)
Toddlers are perhaps the most challenging group of
patients because they are often uncooperative for



146

D. N. Vinocur and E. Y. Lee

Fig. 4 Two-year-old girl
with abdominal pain. Supine
abdominal radiograph

a shows a round radiopaque
density consistent with an
appendicolith (arrow) in the
right lower quadrant.
Subsequently obtained post-
contrast coronal CT image
demonstrates b an inflamed
and enlarged appendix with
an appendicolith (arrow).
Surgery confirmed the
presence of acute appendicitis
with an appendicolith

imaging studies. Although a great deal of calmness may
eventually prove to be successful, we have often found
that allowing toddlers to hold on to their favorite toys
during imaging studies helps decreasing motion.

2.1.3 Pre-School Children (3-6 years)
Preschool children are usually cooperative particu-
larly when they are invited to actively participate in
imaging studies. At our practice, we typically reward
these young pre-school children with cartoon stickers
or small toys at the successful completion of the
imaging studies. We found that this also facilitates
future imaging studies.

2.1.4 School Age Children (6-12 years)
School age children usually have a great deal of
understanding of the situation. A friendly explanation
prior to imaging studies is usually all that is necessary
for obtaining successful studies (Fig. 2).

2.1.5 Adolescent Patients (>12 years)
Adolescent patients usually have a complete under-
standing of the situation. Therefore, we found that
these patients are typically cooperative for imaging
studies without difficulty.

Fig. 5 Three-year-old girl with appendicitis. Upright abdom-
inal radiograph demonstrates loss of the right psoas muscle
contour (star). The normal appearing left psoas margin
(arrows) is seen
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Fig. 6 Eight-year-old boy
with perforated appendicitis.
Supine abdominal radiograph
a shows multiple dilated loops
of small bowel. Post-contrast
coronal CT image

b demonstrates appendicitis
with an appendicolith
(arrow). Also noted are
multiple dilated loops of small
bowel along with lack of oral
contrast opacification of distal
small bowel loops, concerning
for at least partial small bowel
obstruction

2.2 Plain Radiography Technique

At our practice, AP abdominal radiographs are
obtained utilizing commercial digital radiograph
equipment (Phillips of North America), standard
40 inches distance from focal zone to cassette and a
grid. The mAs and kVp are age adjusted in order to
reduce radiation dose, following the ALARA principle
(“as low as reasonably achievable”). Typical mAs and
kVp are as follows: For anewborn, 65 kVp and 2 mAs;
3-12 month infant, 70 kVp and 2.8 mAs; 1-3 year
child, 75 kVp and 4 mAs; 3-6 year child, 75 kVp and
4 mAs; 6-9 year child, 75 kVp and 5 mAs; 10-
15 year child, 80 kVp and 6.5 mAs; older than
15 years, 85 kVp and 6.5 mAs. These parameters are
general guidelines and the technologists are instructed
to adjust them based on the patients’ size and in the
presence of unusual situations (i.e., marked body
deformities). The proper anatomic coverage of the
plain abdominal radiographs should capture the entire
abdomen from the diaphragms to the pubic symphysis.

23 Plain Radiographic Imaging Findings
and Interpretation of Acute
Appendicitis in Children

Numerous published studies suggest that most

plain radiographic imaging findings associated with
appendicitis may be non-specific and insensitive

(Rothrock and Pagane 2000; Leonidas et al. 1975;
Godderidge 1995; Cobb et al. 1993; Isdale 1978).
Furthermore, it is well-established in clinical practice
and literature that plain abdominal radiographs can be
normal in the setting of acute appendicitis (Steinert
et al. 1943) (Fig. 3). Therefore, appendicitis should
not be excluded from the differential diagnostic con-
siderations on the basis of a normal plain abdominal
radiograph alone in children. On the other hand, there
are several characteristic plain radiographic imaging
appearances of appendicitis (Table 1). Although plain
radiographic imaging findings of acute appendicitis
depend on many factors, they can be grouped into two
categories: 1imaging findings in non-perforated
appendicitis and imaging findings in perforated
appendicitis.

2.3.1 Non-Perforated Appendicitis

The most widely recognized finding of acute appen-
dicitis on radiographs is the presence of a radiopaque
appendicolith. This finding can be seen in up to
14-22% of positive cases in children (Leonidas et al.
1975; Isdale 1978). It is reported to be the most
specific radiographic finding of acute appendicitis in
children (Leonidas et al. 1975; Cobb et al. 1993)
(Fig. 4). When present, the appendicolith is typically
located in the right lower quadrant and may have a
laminated configuration (Shimkin 1978). It has been
reported that right posterior oblique views of the
abdomen and pelvis may be of help in confirming the
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presence of appendicoliths in questionable cases in
children (Kirks 1998). Furthermore, the presence of
an appendicolith in the setting of appendicitis in
children has been reported to indicate approximately
50% chance of having a complication from acute
appendicitis such as perforation, abscess, or both
(Leonidas et al. 1975; Hatten et al. 1973; Johnson
et al. 1988).

In pediatric patients with acute appendicitis,
abdominal radiographs may demonstrate indirect
findings of right lower quadrant inflammation which
include: (1) air—fluid levels in the expected location of
the terminal ileum and cecum; (2) loss of the
obturator internus and properitoneal fat planes; (3)
displacement of the cecum from the properitoneal fat
line; and (4) secondary scoliosis (i.e., concave to the
right) due to splinting.

The presence of air—fluid levels in the expected
location of the ileum and cecum is a controversial
plain abdominal radiographic sign in children. While
some investigators found this imaging finding to be
helpful for evaluating suspected acute appendicitis
(Isdale 1978), other investigators have not found this
imaging finding to be useful (Cobb et al. 1993). Loss
of the obturator internus and properitoneal fat planes
have shown to be suggestive of the diagnosis of acute
appendicitis (Isdale 1978) (Fig. 5). However, some
investigators disregard this imaging finding as non-
specific because it may be seen with the same prev-
alence on normal patients (Leonidas et al. 1975) and it
cannot be identified with certainty in many instances
(Rothrock and Pagane 2000). Rightward secondary
scoliosis on plain radiographs of the abdomen in
patients with acute appendicitis has been historically
considered a useful imaging finding of acute appen-
dicitis. It is presumed to be secondary to antalgic
posture (“splinting”). Several previously published
reports support its diagnostic value in assessing acute
appendicitis in the pediatric population (Rothrock and
Pagane 2000; Leonidas et al. 1975; Isdale 1978).
Lastly, Bakha et al. reported the disturbance of the
normal intestinal bowel gas pattern such as localized
ileus, generalized ileus, or obstructive pattern as the
most useful plain radiographic imaging findings of
acute appendicitis in pediatric patients (Leonidas
et al. 1975).

Fig. 7 Three-year-old girl with periappendiceal abscess due to
perforated appendicitis. Supine abdominal radiograph a shows
faint soft tissue density (star) in the right lower quadrant with
subtle mass-effect (arrows) over the loops of small bowel. Post-
contrast axial CT image b shows a large abscess formation
(star) in the right lower quadrant with surrounding inflamma-
tory changes

2.3.2 Perforated Appendicitis
In cases of perforated appendicitis, other plain radio-
graphic imaging findings may be seen in addition to
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Fig. 8 Five-year-old boy with acute appendicitis. Supine
abdominal radiograph demonstrates distended transverse colon
and empty ascending colon with a sharp demarcation (arrow) of
these two segments

the previously listed plain radiographic imaging find-
ings of non-perforated appendicitis. Small foci of ex-
traluminal gas may be present on plain radiographs,
although they are usually difficult to detect. The
presence of a large amount of free intraperitoneal gas
on plain abdominal radiographs is uncommon in
pediatric patients with perforated appendicitis.

Small bowel obstruction may be a result of com-
plicated perforated appendicitis (Rothrock and
Pagane 2000; Johnson et al. 1988) (Fig. 6). In fact, it
has been reported that acute small bowel obstruction
is the most common imaging findings of appendiceal
perforation in children on plain radiographs (Johnson
et al. 1988). This is speculated to be secondary to
inflammatory adhesions resulting in small bowel
obstruction in the vicinity of the perforated appendix.
In this situation, multiple dilated small bowel loops
are typically seen on plain radiographs of abdomen.
If a well-defined abscess forms as a result of perfo-
rated appendicitis, it may produce a soft tissue mass-
like opacity with or without an air—fluid level on plain
radiographs (Fig. 7).

Furthermore, the colon cutoff sign may be present,
which is characterized by the constellations of
absence of gas and feces in the cecum and right colon,
reflex dilatation of the transverse colon, and ampu-
tation of colonic gas at the hepatic flexure (Swischuk
and Hayden 1980) (Fig. 8). Finally, disproportionate
jejunal dilation in cases of perforated appendicitis in
children on plain radiographs has also been reported
in the past (Riggs and Parvey 1976).

3 Conclusion

Plain abdominal radiographs are often obtained in the
initial evaluation of children with suspected appendi-
citis. Despite their lack of high sensitivity and speci-
ficity, plain abdominal radiographs play an important
role in assessing appendicitis in children by providing
imaging findings suggestive of underlying acute
appendicitis, excluding alternatively diagnosis, and
guiding the next appropriate step in both imaging and
clinical management. Understanding plain radio-
graphic imaging findings of appendicitis in children
enables an early and accurate diagnosis, which in turn,
can optimize proper pediatric patient care.
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Abstract

This chapter describes the normal and abnormal
findings in ultrasound when imaging the appen-
diceal region in a child. Next to practical tips in
imaging the appendix, potential pitfalls in diag-
nosing appendicitis are highlighted. The criteria
for diagnosing appendicitis are summarized and
clear guidelines are pointed out to handle equiv-
ocal cases. A wide range of illustrations make this
chapter a very practical approach to imaging
appendicitis in childhood.
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H. C. Holscher (i) with a low likelihood of appendicitis (Schuh et al.

HAGA Teaching Hospital, Juliana Children’s Hospital, 2010).

Sportlaan, 600, 2566 MJ Den Haag, The Netherlands

e-mail: h.holscher@hagaziekenhuis.nl

C. Keyzer and P. A. Gevenois (eds.), Imaging of Acute Appendicitis in Adults and Children, 151

Medical Radiology. Diagnostic Imaging, DOI: 10.1007/174_2011_225, © Springer-Verlag Berlin Heidelberg 2011



152

H. C. Holscher

2 Imaging Technique, Tips and Tricks

Imaging children with clinical signs of appendicitis
starts with the routine ultrasound examination of the
whole abdomen. The gel is preferably warmed to
near-body temperature before being applied to the
skin of the child. It is important to examine the dia-
phragmatic area in order to look for pleural effusion
and/or pulmonary consolidation as children with
pneumonia can present with symptoms mimicking
appendicitis (Jona and Belin 1976). Coincidental
findings or other findings that may explain the phys-
ical condition of the patients are important to notice
before concentrating on the right lower quadrant.
Furthermore the child can get used to the ultrasound,
before the more painful part of the body is examined.

2.1 Equipment
For the survey a convex array low frequency probe
(3—7 MHZ) can be used.

For right lower quadrant, specific examination is
done with a high-frequency linear probe transducer
(7-12 MHz), which has limited penetration but high
image quality.

2.2 Graded Compression

Graded compression sonography, first described by
Puylaert (1986), consists of anterior forced compres-
sion used to reduce the abdominal cavity between the
pathologic process and the high-frequency transducer
with a short focus (Fig. 1a).

A more recent amendment to this technique is a
modified bimanual compression technique (Lee et al.
2001). If the appendix is not visualized after completion
of the graded compression scans, posterior manual
compression techniques can improve visualization of
the appendix. This technique is an adjuvant to graded
compression sonography and is composed of forced
extrinsic compression of the opposite side of the right
lower quadrant abdomen in the anterior or anteromedial
direction using the palms or the four fingers of the left
hand' thereby allowing compression of the posterior
aspects of the cecum or pericecal space with or without
anteromedial displacement of the right lower quadrant
bowel structures onto the psoas muscle (Fig. 1b).

Fig. 1 Graded compression techniques. a Original graded
compression with the transducer by using the hand on the
transducer, gradually increasing the force of compression.
b Modified bimanual technique. With the other hand compres-
sion is applied from the back, thereby diminishing the distance
from the psoas to the transducer

In some cases a full bladder may push the appen-
dix into a higher position, thereby concealing it
behind bowel loops and making it non-visible. After
voiding the appendix has more space to unfold and
repeated ultrasound after voiding may be helpful.

In some cases a left oblique lateral decubitus
change of body position allows better visualization of
the appendix (Lee et al. 2005).

If necessary the US examination can be repeated if
clinical management allows.

3 The Normal Appendix

With the improvement of ultrasound machines, it is
possible to image the normal appendix in children. The
normal appendix can be visualized in about 80% of
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Fig. 2 Normal appendix. a Axial, non-compressed image. A
small round structure with a concentric layered wall is visual-
ized. ¢ After compression a slight indentation of the anterior wall
is seen. The axial diameter of the appendix is decreased
compared to the non-compressed image. b Longitudinal image.

normal asymptomatic children (Wiersma et al. 2005).
It is seen as a blind-ending lamellated structure, with-
out peristalsis (Fig. 2a, b). The five concentric layers of

Four layers of the appendiceal wall can be identified. e Color
Doppler. Very sparse flow in appendiceal wall and surrounding
tissue. d Bright central reflection in the appendix representing
gas in the normal appendix

the wall are alternatingly echo lucent and hyperechoic,
just like the layers in the wall in other parts of the
gastrointestinal tract. From outside to inside this
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Fig. 3 Appendicolith. Large echogenic focus within the appen-
dix with acoustic shadowing in a patient with early appendicitis

consist of the serosa (hyperechoic), the muscularis
(hypoechoic), the submucosa (hyperechoic), lamina
propia (hypoechoic) and central the mucosal surface
(hyperechoic) (Kimmey et al. 1989). On ultrasound the
hyperechoic serosa is often not seen due to the sur-
rounding tissue (Fig. 2b).

The classical position is coming out of the cecum
lying caudally above the iliac vessels pointing in the
direction of the bladder. Compressibility is an important
phenomenon in the normal appendix. Almost all normal
appendices are compressible (Fig. 2c). The appendix
can also go upward and lie in the paracolic gutter. Fur-
ther, the appendix can be completely retrocecal, these
are the ones that are more difficult to visualize due to
overlying gas and feces in the colon. The lumen of the
appendix is empty in majority of the cases. Fecal
material and even appendicoliths can be seen in up to
25% of cases. Appendicoliths appear as bright echo-
genic foci with acoustic shadowing (Fig. 3). Gas in the
appendix, appearing as typical bright reflections, may be
seen in around 15% and is considered as a normal
finding (Fig. 2d). The diameter of the normal appendix
may vary in healthy children (mean 4 mm) but is gen-
erally less than 6 mm in AP diameter. The left to right
diameter may be higher, up to 8 mm due to compres-
sion. The diameter of the appendix does not correlate
significantly with age (Simonovsky 2002). With color
Doppler the normal appendix does not show flow or
occasionally very sparse flow (Fig. 2e). In the sur-
rounding area small lymph nodes (<8 mm AP diameter)
can be considered a normal finding (Fig. 4).

Fig. 4 Normal lymphnode. a Small almond-like hypoechoic
lymph node with tiny echogenic hilum. b The axial diameter is
6 mm

4 Imaging Findings in Acute
Appendicitis
4.1 The Appendix in Appendicitis

The ultrasonographic findings in appendicitis depend
on the stage of disease. In the early phase of disease
the lumen of the appendix distends due to obstruction
of the lumen. The appendiceal wall gets swollen and
the diameter of the appendix increases. In appearance
it is like a concentrically layered sausage-like struc-
ture (Fig. 5). The diameter of the appendix is one of
the most important hallmarks of the disease and is
measured in the axial plane. An axial diameter of
more than 8 mm is generally believed to be abnormal.
A diameter below 6 mm is generally normal (Jeffrey
et al. 1988). Some difficulty may be found when
the diameter is between 6 and 8 mm. More caution
is needed and the radiologist needs to focus on
additional signs.

Non-compressibility is an important sign of
appendicitis. Due to swelling of the appendix it can-
not be compressed as normal appendices.
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Fig. 5 Early appendicitis. a Axial image shows slight dilation
of the non-compressible appendix, with mild swelling of the
wall. Some minor echogenic changes in the surrounding fat.
b Axial measurement shows an appendiceal diameter of 7.7 mm.

Appendicoliths may be or may not be present, but
is not a differentiating finding in appendicitis (Fig. 6).
It is, however, an important feature to describe in the
radiologic report, as an appendicolith of an inflamed

¢ Corresponding longitudinal image, inflamed appendix lying in
the classical position. d On Color Doppler imaging some
increase in flow in the wall. e Corresponding longitudinal image

appendix, if not surgically removed may stay in the
peritoneal cavity and may give rise to postoperative
abscess formation. This can occur up to a month after
operation.
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Fig. 6 Appendicitis with appendicolith. a Axial image show-
ing slightly enlarged non-compressible appendix with appen-
dicolith. Some echogenic infiltration of the surrounding fat,
indicative of appendicitis. b Longitudinal image shows the
appendicolith in the tip of the appendix

4.2 Color Doppler

The rate of vascularization of the appendix is related
to the stage of the disease. A normal appendix shows
virtually no wall-enhancement. When the appendix
becomes hypervascularized due to inflammation the
flow in the wall will increase in the phlegmonous
stage of the disease (Fig. 5c, d). When the appendix
reaches the gangrenous stage of the disease the vas-
cularization is diminished again due to necrosis,
thereby no flow with color Doppler is visualized in
this phase, and the wall of the appendix is sometimes

Fig. 7 Appendicitis with phlegmon. a Axial image shows
enlarged non-compressible appendix and echogenic mesentery.
b Some fecal material is seen in the lumen. ¢ Local distortion of
the wall of the appendix indicates that perforation is imminent

disintegrated. The absence of flow in perforated
appendicitis is less well understood, but might be
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Fig. 8 Appendicitis of paracolic appendix. a Overview: In the
paracolic gutter the distended appendix is already visualized in
an area with mixed hyper- and hypoechogeneity. b Detailed

either due to early inflammation with early perfora-
tion, or due to necrosis (Quillin and Siegel 1995).

4.3 Secondary Signs

Around the appendix inflammation of the mesenteric
fat causes increased echogenicity and non-compress-
ibility of this mesenteric tissue adjacent to the

view
¢, d On color Doppler increased flow in the non-necrotic
appendiceal wall

of enlarged appendix with surrounding phlegmon.

appendix (Figs. 7 and 8). Some reactive fluid may
develop and after perforation local abscess formation
might be seen. Local peritonitis causes focal dilata-
tion of the small bowel without peristalsis. In some
cases just a kind of “messy” image is seen, indicating
peri-appendicular phlegmon (Fig. 9). These second-
ary signs are very indicative of appendicitis, even
without visualizing the appendix itself (Wiersma et al.
2009).



158

H. C. Holscher

Fig. 9 Secondary signs. a Overview of the right lower
quadrant. “Messy” appearance with hyper- and hypoechoge-
nicity, indicating infiltrated mesenteric and omental fat and
local fluid. b The appendix could not be found. These
secondary signs are sufficient to diagnose appendicitis with
high accuracy

Non-visualization of the appendix without these
secondary signs, safely rules out appendicitis,
whereas the presence of secondary signs without
depiction of the appendix itself is a strong indicator of
acute appendicitis.

4.4  Abscess Formation

Irregular masses with reduced echogenicity may
indicate the formation of an abscess. Usually it lies in
close contact with the inflamed appendix (Fig. 10).
The appendix can also be seen lying in the cavity
itself. If perforation results in peritoneal spread of pus
throughout the whole peritoneal cavity abscess for-
mation can be seen distant from the appendix, usually

Fig. 10 Small fluid collection adjacent to the appendix
indicating a small abscess

in the pouch of Douglas, the pouch of Morrisson or
subphrenic (Fig. 11).

In adults percutaneous drainage of abscesses is
much advocated and is successful in many cases, in
children this technique is not widely used. In general
in children small collections will spontaneously
resolve, while for larger abscesses surgical interven-
tion is usually necessary. This is due to the fact that
the children will require general anesthesia anyway.
In older cooperative children though, percutaneous
drainage might be considered.

4.5 Coincidental Findings
Increased echogenicity of the renal cortex in children
with acute abdominal illness is a non-specific finding
and does not necessarily indicate true renal disease.
Increased echogenicity of the renal cortex is a transient
phenomenon in this clinical setting. Hyperechogenicity
of the renal cortex in children with acute abdominal
illness should alert the radiologist to search the abdo-
men more thoroughly for a cause of the acute abdom-
inal illness, such as appendicitis (Wiersma et al. 2008).
Mild to severe hydronephrosis of the right kidney may
be seen in a case of appendicitis when the distal ureter is
obstructed by peri-apppendicular infiltrate or abscess
formation (Fig. 12).

In children who present with acute abdominal
symptoms, no matter the course, strong periportal
reflections may be noticed (Fig. 13). In this setting
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Fig. 11 Abscess in Pouch of Douglas. a Axial image shows
large fluid collection with some reflections, due to pus.
b Longitudinal image. The abscess follows the contours of
the Pouch of Douglas

this is a coincidental and transient finding and should
not be confused with hepatic disease.

4.6 Abortive and Recurrent Appendicitis
Though there are controversies in the literature about
this entity, ultrasonography is the imaging method
which shows the findings in spontaneous resolving
appendicitis. The incidence of the phenomenon in the
total group of patients with appendicitis is not known,
but is estimated for at least 8% (Cobben et al. 2000).
The findings are those of an enlarged non-compress-
ible appendix with a diameter of more than 6 mm at
US, and rapidly subsiding symptoms. There are no US
or clinical signs of an peri-appendiceal spread or
abscess. Spontaneous resolvement resulting in nor-
malization of the appendix occurs within days. The
decision on whether or not to operate on these chil-
dren depends on the clinician who may decide to

Fig. 12 Renal coincidental finding in patient with periappen-
dicular abscess. a Longitudinal image. Marked hydronephrosis
of the right kidney. b Axial image. The renal cortex is
somewhat more echogenic than the liver

observe a patient who has relatively mild symptoms.
The incidence of recurrence in the patients with
spontaneous resolving appendicitis is around 38%,
with the majority of cases recurring within 1 year
(Cobben et al. 2000). Spontaneously resolving and
chronic appendicitis will be extensively discussed by
L Cobben in chapter “Spontaneously Resolving and
Chronic Appendicitis”.

5 Pitfalls

There are several conditions that may cause ultraso-
nographic features resembling appendicitis.

5.1 Cystic Fibrosis

The appendiceal diameter on US scans in asymp-
tomatic children with cystic fibrosis (CF) is signifi-
cantly larger than in the normal population (mean
diameter 8.3 mm) (Lardenoye et al. 2004). Often the
appendix in these patients is non-compressible
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Fig. 13 a, b, ¢ Three images of strong periportal reflections in
a patient with appendicitis

(Fig. 14). This is due to mucoid impaction in the
appendix. As lower abdominal pain is a relatively
common complaint in patients with CF, the appen-
diceal diameter and non-compressibility cannot be
used as a criteria for diagnosing appendicitis. The
diagnosis of acute appendicitis in patients with CF
should, therefore be based on other signs of

Fig. 14 Normal appendix in cystic fibrosis. a Axial image.
Non-compressible appendix with mucous impaction in the
lumen. b Appendiceal diameter 9 mm. ¢ Longitudinal view. No
signs of inflammation

inflammation, including the correspondence of the
point of maximal tenderness to the appendix itself,
pain during compression of the appendix, distortion
of the concentric layers of the appendiceal wall and/
or infiltration of neighboring omental or
mesenteric fat.



Imaging of Acute Appendicitis in Children: Ultrasonography

Fig. 15 Primary peritoneal peritonitis. a Aperistalsis of a small bowel loop and hyperechoic surrounding area. b Dilatation of
small bowel indicating peritonitis. ¢ A normal appendix was visualized, thereby excluding appendicitis

Fig. 16 Non-specific hyperechogeneity in the right lower
quadrant. Extra care has to be taken to find the appendix;
differentiation with appendagitis epiploica or omental infarc-
tion can be difficult

5.2 Primary Bacterial Peritonitis

Primary bacterial peritonitis in children is a sponta-
neously acute bacterial infection of the peritoneal
fluid. In general the source of the infecting agent is
not easily identifiable. Children with nephrotic syn-
drome have a higher risk of developing spontaneous
bacterial peritonitis (Uncu et al. 2010). Clinical
symptoms may mimic appendicitis and with ultra-
sound signs of focal peritonitis may be seen, which

Table 1 Four potential outcomes of US

US Findings Diagnosis
Appendix seen, normal No
Appendix not seen, but no secondary signs, appendicitis
and/or alternative diagnosis

Appendix seen, appendicitis Appendicitis

Appendix not seen, secondary signs of
appendicitis

are undistinguishable from the secondary signs in
appendicitis. If a normal appendix is visualized, the
diagnosis of primary bacterial peritonitis can be
suggested, but if the appendix is not seen, the findings
may lead to a false positive diagnosis of appendicitis
(Fig. 15).

Omental Infarction
and Appendagitis Epiploica

5.3

Though relatively infrequent in children these entities
may present with symptoms similar to appendicitis.
Although its pathogenesis is still unknown, omental
infarction has been shown to occur with or without
torsion. Some predisposing factors have been repor-
ted, such as a bifid omentum, a tongue like portion of
omentum and obesity (Vertuno et al. 1980). On
ultrasound a hyperechoic mass containing poorly
defined nodular or linear hypoechoic areas with few
vessels within the mass and hyperemia in the
peripheral area are seen (Baldisserotto et al. 2005).
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Appendagitis epiploica is an inflammatory or
ischemic process involving an appendix epiploica of
the colon. At the site of maximum tenderness, a non-
compressible hyperechoic small ovoid or round solid
mass of adipose tissue is seen between the colon and
the abdominal wall in the anterior or anterolateral
compartment of the abdomen (van Breda Vriesman
and Puylaert 1999).

Both of these entities are self-limiting and do not
need surgical intervention. It is possible that the
echogenic aspect of the infiltrated mesentery might
simulate one of the inflammatory reactions of
appendicitis (Fig. 16) (van Breda Vriesman and
Puylaert 2002, 2006). These conditions may lead to a
false positive diagnosis of appendicitis in cases where
the appendix itself is not seen.

6 Radiology Report

Clear communication of the radiologic information is
of substantial importance. Terms ‘no evidence of
appendicitis’ or ‘probably appendicitis’ should be
avoided. The radiological report should contain all the
clinical relevant information, of the survey and the
local findings in right lower quadrant. In the conclu-
sion there are four possibilities (see Table 1).

Using this classification specificity, sensitivity and
accuracy may rise to 97-99% (Wiersma et al. 2009).

It must be kept in mind that no matter which
imaging technique is used, there still may be equiv-
ocal cases, even in experienced hands. In those chil-
dren who are not critically ill repeated ultrasound is
optional, without being concerned about radiation
issues.

7 Conclusion

Ultrasonography is the first imaging modality in
children with clinical signs of appendicitis. If atten-
tion is paid to finding the appendix and the secondary
signs of appendicitis, sensitivity and specificity are
comparable with CT. Visualization of a normal
appendix rules out appendicitis. Due to the lack of
radiation repeated ultrasound can be done easily.
With special skill, care and knowledge of the pitfalls
ultrasound remains the hallmark in the diagnosis of
appendicitis.
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Abstract

Clinical presentation, along with careful diagnostic
imaging, should be employed when appendicitis is
suspected in a child. Because computed tomogra-
phy (CT) is becoming increasingly utilized for the
diagnosis of acute appendicitis in children, radiol-
ogists must carefully and responsibly consider the
issue of radiation exposure.

Abbreviations

CT Computed tomography
ALARA As low as reasonably achievable

1 Radiation Issues

1.1 Introduction

Computed tomography (CT) scans expose patients to
low-dose radiation, which carries a statistically sig-
nificant increased risk of cancer over a lifetime
(Brenner et al. 2001). The excess risk is outlined in
the Life Span Study cohort of atomic bomb survivors
and tracked by the Radiation Effects Research Foun-
dation. Compiling data over a half century, results
indicate that children exposed to the atomic bombings
of Hiroshima and Nagasaki had the highest excessive
relative risk of solid organ cancer, and individuals
exposed in childhood had the highest cancer mortality
rates. Children are inherently more sensitive to radi-
ation than adults because they are growing (their cells
are dividing) and they have a longer life span during

C. Keyzer and P. A. Gevenois (eds.), Imaging of Acute Appendicitis in Adults and Children, 165
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which time they may express radiation-induced cell
damage (Charles 2003). For comparison, a one-year-
old infant is ten to fifteen times more likely to develop
a malignancy than an adult when exposed to the same
dose of radiation (Mountford and Temperton 1992).
Further, the risk of malignancy increases in a linear
fashion from a dose range of 0-120 mSv (Charles
2003).

Studies have found that radiation exposure to a
child from a CT scan carries a significantly elevated
lifetime risk of mortality from cancer. According to
Brenner et al. (2001), up to 1 in 550 (0.18%) infants
exposed to radiation from a single abdominal CT scan
will die from cancer induced by the associated radi-
ation. In a fifteen-year-old, the radiation-induced
malignancy rate falls to 0.11% (Brenner et al. 2001,
2002). Females are twice as susceptible to carcino-
genesis as males when exposed to radiation (Brenner
et al. 2001).

Developing tissues and organs of children are more
sensitive to the effects of radiation than those of adults
(Charles 2003; Hall 2002). Several factors contribute
to organ radiation dose, including the number of
scans, tube current, patient size, axial scan range, scan
pitch, maximum tube voltage, and specific scanner
design (Cody 2002). Organ dose and risk of radiation-
induced malignancy are greater for children than for
adults when exposed to an equivalent dose of radia-
tion, and a single acute dose of radiation is more
threatening than an identical dose given in fractions
over time (Hall 2002). A child’s large organ to overall
body size ratio, lack of protective tissue (adipose
tissue), and smaller cross-sectional area compared to
that of an adult results in higher effective radiation
organ doses in children (Brenner et al. 2002; Huda
et al. 1997).

A rapid increase in the rate of pediatric CT
imaging can be largely attributed to the development
of fast helical CT technique, which allows for less
sedation and superior image quality (Frush and
Donnelly 1998). Approximately 80 million CT scans
are performed annually in the United States, a dra-
matic increase compared to three million in 1980.
This marks an annual increase of approximately 10%
per year and a greater than 20-fold increase in the
number of scans since 1980 (IMV 2006; Brenner et al.
2003; Mettler et al. 2009). Presently, 11% of CT scans
are performed in children, which accounts for more
than 8 million studies per year in the United States

(Frush and Applegate 2004; Mettler et al. 2000).
More recently though, there is convincing data that
CTs ordered in children have not been increasing as a
percentage of cross-sectional imaging studies since
2003. Townsend et al. have shown a trend in
decreased CT utilization in pediatric institutions in
North America over the last 7 years (Townsend et al.
2010). However, radiation dose from medical imag-
ing has increased more than 6-fold, and the average
radiation dose an individual is exposed to has doubled
over the last 30 years (Mettler et al. 2009; Brenner
and Hall 2007). Medical imaging is now responsible
for 50% of the overall radiation dose to the United
States population, compared to 15% in 1980 (Mettler
et al. 2009). CT represents only 17% of all radiologic
and nuclear medicine examinations in the world
(excluding dental radiographic examinations), but it
accounts for almost 50% of the collective effective
radiation dose (Mettler et al. 2009).

Although individual risk may be small, the number
of CT scans is in the tens of millions causing exposure
to CT radiation to be a public health concern. To
decrease this risk, collective dose reduction can be
accomplished most easily by decreasing the number
of CT scans performed annually. In addition, it is
essential to employ the as low as reasonably achiev-
able (ALARA) concept when using CT. This implies
reducing the amount of radiation used per scan, the
number of radiation-producing tests performed, and
scanning only the indicated region with a single phase
study whenever possible (Voss et al. 2009; Goske
et al. 2008). Initiated by the Society for Pediatric
Radiology, the Image Gently campaign emphasizes
the importance of radiation safety in children (Goske
et al. 2009). Universal protocols to lower CT dose
based on age and/or weight can be found at Image-
Gently.org (Arch and Frush 2008; Thomas and Wang
2008). Moreover, many authors advocate the impor-
tance of establishing standard radiation doses for
pediatric patients by modifying CT parameters such
as tube current, filtration, pitch, collimation, and peak
tube voltage. These can be individually adjusted to
reduce dose on a case by case basis, while preserving
image quality (McCollough et al. 2006; Strauss et al.
2010). Optimization of MDCT parameters in
abdominal imaging is reviewed in “Radiation Dose
from MDCT Examinations for Suspected Acute
Appendicitis” by Tack. To help minimize radiation
exposure to the pediatric population, CT vendors have
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developed automated exposure control methods
(McCollough et al. 2006; Kalra et al. 2004; Aldrich
et al. 2006). Automated exposure control can decrease
radiation dose by altering the tube current in response
to the pathway length of the X-rays through the
patient’s body, creating an image of equivalent
quality and quantum mottle (Strauss et al. 2010). With
the successful use of automated exposure control,
image noise does not interfere with scan interpreta-
tion. Manufacturers continue to introduce new tech-
niques to lower radiation dose, such as noise
reduction software which will further reduce radiation
exposure. Radiologists must be vigilant in reducing
radiation exposure to children, and in doing so,
change their practice patterns by reducing tube cur-
rent settings and radiation dose for CT scans.

There is wide agreement that potential benefits of a
single CT scan frequently far outweigh the individual
risks. However, to put the radiation exposure in per-
spective, one must keep in mind that the effective
dose of an abdominal CT is equal to 500 chest
radiographs, which is also equivalent to the average
background radiation received over more than a
3-year period (Hall 2002). As mentioned above,
extensive data from atomic bomb survivors indicate a
small but significant risk of developing radiation-
induced malignancy from a single abdominal CT
examination (Charles 2003). Pediatric clinicians must
be aware that the radiation-induced cancer risk from a
single abdominal CT scan is not insignificant, and
thus incorporate the ALARA and Image Gently
campaign concepts when imaging for suspected acute
appendicitis. When scanning children for suspected
acute appendicitis, CT imaging should be used
judiciously and preferably after failure to make an
obvious clinical or ultrasound diagnosis (Johansson
et al. 2007; Doria et al. 2006; Teo et al. 2000).

2 Acute Appendicitis

2.1 Introduction

Abdominal pain is a frequent complaint among chil-
dren presenting to the emergency department and
appendicitis is the most common cause of acute
abdominal pain requiring surgical intervention (Brown
1991). Pediatric patients may present with an extensive
array of clinical manifestations, making accurate

diagnosis challenging. Timely diagnosis is critical to
avoid complications and minimize morbidity.

The objectives when evaluating children with
abdominal pain are to correctly identify the pathology
causing the pain, and in the case of acute appendicitis,
intervene early. Medical history and physical exami-
nation are the foundations for a diagnosis. However, in
recent years clinicians have relied much more heavily
on CT scanning to make a diagnosis of appendicitis, as
evidenced by the impressive increase in the number of
annual CT scans performed (Frei et al. 2008; Martin
etal. 2004). Indeed, CT is a fast, effective, and accurate
method for the evaluation and diagnosis of acute
appendicitis (Taylor et al. 2006; Kaiser et al. 2004;
Kaiser et al. 2002; Stephen et al. 2003; Sivit et al. 2000).

Historically it has been acceptable to have a 15-20%
false positive appendectomy rate in order to minimize
risks of diagnostic delay, which are associated with
higher morbidity due to a greater incidence of
perforated appendicitis (Flum and Koepsell 2002).
However, several studies have shown that CT scanning
can reduce the rate of unnecessary appendectomies in
children without leading to significantly higher perfo-
ration rates (Kaiser et al. 2002; Applegate et al. 2001;
Pena et al. 2000). One study revealed that the negative
appendectomy rate sequentially decreased as the
use of diagnostic CT imaging increased. The negative
appendectomy rate in 2000 was 17%, with CT utili-
zation in 52% of cases (Jones et al. 2004); in 2001 and
2002, this changed to 5 and 74% and 2 and 86%,
respectively (P = 0.001) (Jones et al. 2004). Rao
et al. (1999) investigated the influence of CT imaging
on the negative appendectomy rate in children
between 5 and 18 years of ages by comparing the
negative appendectomy rates before and after the
availability of CT at their institution. They found
the negative appendectomy rates decreased from
10% to 5% in boys and 18% to 12% in girls. They
also found a decrease in the rate of perforated
appendicitis from 22% to 14% concluding that
increased utilization of CT resulted in decreased
negative appendectomy and perforation rates.

2.2 Imaging

Imaging methods are employed to avoid a misdiagnosis
and decrease morbidity (Doria et al. 2006), while
improving diagnostic accuracy (van Randen et al. 2008).
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Use of pre-operative CT imaging has led to improved
clinical outcomes and lower false positive appendicitis
diagnosis rates (Raman et al. 2008). Menes et al. (2006)
found that the accuracy and efficiency of CT imaging
improved over the years studied and that there was a
shorter time to surgery with increased CT use.

Many authors advocate the use of ultrasound as the
initial study of choice in order to avoid unnecessary
radiation. Ultrasound is unfortunately highly operator-
dependent, is not always readily available, and requires
significant sonographic skill to diagnose appendicitis
that is gained from experience. These same authors
suggestusing CT as the study of choice for patients with
inconclusive sonograms and obese children with a body
habitus that prevents performance of adequate sonog-
raphy (Kaiser et al. 2004; Lameris et al. 2009;
Birnbaum and Wilson 2000; Puylaert et al. 1997;
Gaitini et al. 2008). This approach works well in centers
with skilled sonographers.

2.3 Technique

2.3.1 Computed Tomography

A multitude of techniques have been utilized in
pediatric appendiceal CT scanning, all of which have
been shown to be highly accurate. These techniques
include abdominal and/or pelvic CT ranging from no
contrast what so ever to every imaginable combina-
tion of intravenous, oral and rectal contrast materials.
The choice of which technique to use varies widely
despite little change in accuracy rates.

Administration of rectal contrast material may
require sedation in many children under the age of
five years (Acosta et al. 2005). Acosta et al. found
that the appendix could be visualized more than 80%
of the time when rectal contrast extended into the
ileum, and that when appendiceal visualization was
accomplished, CT imaging with rectal contrast
achieved 100% sensitivity, 97.7% specificity, and
98% accuracy (Acosta et al. 2005). The amount of
contrast material used varies from 500 mL in small
children to 1000 mL in adolescents, based on patient
size and degree of tolerated discomfort (Acosta
et al. 2005).

A study by Kharbanda et al. (2007) compared CT
scanning with rectal and intravenous contrast to CT
with only intravenous contrast and demonstrated
accuracies of 89 and 92%, respectively. For children

under five years of age, collimation of 5 mm is sug-
gested. In older children, 5-8 mm collimation may be
used depending on patient size (Rosendahl et al.
2004). Thin collimation technique of 5 mm may
increase sensitivity and the ability to better identify
individual features of acute appendicitis (Weltman
et al. 2000).

Advantages of CT imaging include lack of operator
dependence, greater examination reproducibility, eas-
ier visualization of retrocecal appendices, the ability to
utilize multi-planar data reconstruction, and at many
institutions rapid, consistent availability (Frush and
Donnelly 1998; Sivit and Applegate 2003; Sivit 2004;
Sivit et al. 2001). CT also has the advantages of
allowing detailed evaluation of complications (such as
abscess formation), frequent detection of an alternative
diagnosis, and can be used to plan radiological inter-
ventions (Sivit and Applegate 2003). One key advantage
of CTisa very low false-negative rate, being 0% in some
studies, and the resultant improvement in accuracy of
97% compared to sonography 91% (Vermeulen et al.
1999; Lowe et al. 2001a). Multi-detector helical CT can
be performed so rapidly that sedation is usually
unnecessary (Garcia Pena et al. 1999). It is able to
demonstrate a wide, sequential field of view, which
allows reconstruction of images for visualization of the
appendix in various planes (Hernanz-Schulman 2010).
Further, extremes of body habitus do not limit interpre-
tation (Lowe et al. 2001a). A study prospectively
comparing the ability of residents versus pediatric
radiologists ability to diagnose appendicitis on
unenhanced CT showed no statistically significant
difference in accuracy (Lowe et al. 2001b).

Disadvantages of CT imaging are not to be taken
lightly and include radiation exposure, cost, and risk
of contrast reaction, when intravenous contrast is used
(Frei et al. 2008).

24 Findings

Imaging criteria for a normal appendix on CT include
transverse diameter less than 6 mm and no evidence of
surrounding inflammation (Figs. 1 and 2). The normal
appendix may or may not contain intraluminal gas.
When intraluminal gas is present, it should not
be included in the transverse measurement of the
appendix (Birnbaum and Wilson 2000; Rettenbacher
et al. 2000). Occasionally, the normal appendix
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Fig. 1 Normal appendix in a 9-year-old-female. Axial contrast-
enhanced CT image shows the normal appendix with intralumi-
nal air (arrow). Recall that when measuring the appendix, the air
containing lumen is not included. Note the lack of appendiceal
enlargement and periappendiceal inflammation

Fig. 2 Normal appendix in a 14-year-old-female. Axial con-
trast-enhanced CT identifies the normal appendix (arrow). Note
presence of intraluminal air without appendiceal thickening or
periappendiceal inflammation

contains a tiny fecolith (<3 mm) or other nonspecific
uncalcified radiodense material such as barium or
pepto bismol (Lowe et al. 2000). The most frequent CT
finding in false negative studies is a calcified appen-
dicolith (Taylor et al. 2006). This can be understood
when one compares older literature investigating the
significance of fecoliths seen on abdominal radio-
graphs to recent descriptions of fecolith significance
seen on CT. It is well established that fecoliths seen on
plain abdominal radiographs are 100% specific for a
diagnosis of appendicitis (Figs. 3 and 4) (Siegel 1992).

Fig. 3 Appendicitis with an appendicolith in a 14-year-old-
female with abdominal pain. Frontal radiograph shows a large
appendicolith (arrow) projecting over the right iliac crest. In
addition, the colon cut-off sign (triangle) is shown with abrupt
non-visualization of the colon due to surrounding appendiceal
inflammatory changes

Fig. 4 Appendicitis with large appendicolith on CT in a
12-year-old-male with abdominal pain. Axial contrast-
enhanced CT reveals enlarged, enhancing fluid filled appendix
containing a large central fecolith (arrow). Periappendiceal
inflammation is also noted

However, the same cannot be said of fecoliths
seen on modern helical CT, which are often detected
when they are much smaller in size. In a study by
Penney et al. 3% of children imaged due to trauma
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Fig. 5 Appendicitis in a 10-year-old-female with abdominal
pain. a Axial contrast-enhanced CT demonstrates an enlarged
(>6 mm), enhancing appendix with surrounding periappendi-
ceal inflammatory fat stranding (arrow) posterior to the cecum.
Note normal fat in the left flank (triangle). b Coronal
reconstructed image confirms an enlarged appendix with
periappendiceal fat stranding (arrow)

were found to have a tiny fecolith (<3 mm). None of
these children had acute appendicitis and none
developed appendicitis on follow up (Lowe et al.
2000).

CT diagnostic criteria for appendicitis include
identification of an enlarged appendix (transverse
diameter >6 mm) and/or evidence of periappendiceal
inflammation (Fig. 5). Periappendiceal fat stranding
(100%), an appendix greater than 6 mm in diameter
(93%), and focal cecal thickening (69%) are the most
sensitive signs of appendicitis on CT (Rao et al.
1997). Enhancement and thickening of the appendix
wall, intraluminal appendix fluid, free fluid, phleg-
mon, and/or abscess are less sensitive secondary
signs (Applegate et al. 2001; Birnbaum and Wilson
2000; Rao et al. 1997; Choi et al. 2003; Macari et al.
2002; Rodriguez et al. 2006; Puig et al. 2008). Rao
et al. (1997) found the CT arrowhead sign was 30%
sensitive and 100% specific for appendicitis in a
study with 100 patients suspected of having appen-
dicitis (Fig. 6). The arrowhead sign is formed by the
gradual thickening of inflammation extending from
the appendix to the cecum, causing contrast to form
an arrowhead pointing away from the base of the
appendix. Fecoliths seen on CT are 65% sensitive
and 6% specific for a diagnosis of appendicitis
yielding a positive predictive value of 75% (Lowe
et al. 2000). Perforated appendicitis with abscess
formation occurs four times more often in children
under five years of age compared to older children
(Rodriguez et al. 2006). CT criteria suggesting
appendix perforation include abscess, appendiceal
wall deficit, and extraluminal gas (Fig. 7) (Horrow
et al. 2003; Yeung et al. 2004). In perforated
appendicitis, CT can define the number and location
of potentially drainable fluid collections to determine
if radiological or surgical intervention is appropriate
(Fig. 8) (Sivit 2004).

25 Alternative Diagnoses

The primary presentation of appendicitis is often
mimicked by other common childhood disorders,
which may lead to false negative imaging or a delay in
diagnosis (Rodriguez et al. 2006). Some of the more
common alternative diagnoses include mesenteric
adenitis, Meckel diverticulum, Crohn’s disease, ileo-
cecal intussusception, urolithiasis, omental infarction,
carcinoid tumor of the small intestine, hemorrhagic
ovarian cyst, ovarian torsion, ovarian dermoid, and
pelvic inflammatory disease. Clinical presentation and
imaging evaluation may be unclear in many of the
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Fig. 6 Appendicitis in a 12-year-old-male with abdominal
pain. Axial contrast-enhanced CT shows the arrowhead sign
formed by inflammation at the base of the appendicitis. Note
that the arrowhead points to the base of the appendix

Fig. 7 Abscess due to appendicitis in an 11-year-old-female
with right lower quadrant pain. Axial contrast-enhanced CT
image identifies a right lower quadrant fluid collection with a
thick, lobular-enhancing wall and several foci of internal air
(arrow). No appendix could be seen with CT

aforementioned disorders, especially in a teen-aged
female (Rodriguez et al. 2006).

2.5.1 Gastrointestinal

2.5.1.1 Mesenteric Adenitis

Mesenteric adenitis is reported to be the second most
common cause of right lower quadrant pain in chil-
dren, as well as the most common alternative patho-
logical diagnosis to appendicitis (Sivit et al. 2001;

Macari et al. 2002; Callahan et al. 2002). It is an
inflammatory process affecting the mesenteric lymph

Fig. 8 Abscess with drain in place in a 14-year-old-female
who presented with abdominal pain. Axial contrast-enhanced
CT reveals a drain in place within an abscess (arrow) from a
ruptured appendix. The appendix could not be identified

nodes in the right lower quadrant resulting in
abdominal pain, fever, and elevated white blood cell
count often mimicking appendicitis symptoms (Lowe
et al. 2001c). It occurs most often in teenagers
(Macari et al. 2002; Yu et al. 2005). CT imaging
demonstrates clusters of enlarged lymph nodes
(<5 mm) in the lower right quadrant and mild thick-
ening of the terminal ileum in conjunction with a
normal appendix (Macari et al. 2002).

2.5.1.2 Inflammatory Bowel Disease

Inflammatory bowel disease is the second most
common alternative diagnosis. Accurate identification
of this disorder can be difficult when a child presents
with a first occurrence of right lower quadrant pain,
fever, and elevated white blood cell count mimicking
appendicitis (Ruess et al. 2000). Moreover, CT
diagnosis is complicated by the fact that inflammatory
changes in the terminal ileum frequently involve the
cecum, appendix, and periappendiceal fat (Callahan
et al. 2002). Children with inflammatory bowel dis-
ease may be initially misdiagnosed in up to one-third
of patients with ileocecal Crohn’s disease (Yu et al.
2005a; Sturm et al. 2004). CT imaging shows bowel
wall thickening and luminal narrowing of terminal
ileum with regional mesenteric fat stranding (Fig. 9).
Terminal ileal thickening, circumferential mural
thickening of the cecum, skip lesions, and a focal
region of inflammation away from the appendix are
chief characteristics that distinguish inflammatory
bowel disease from appendicitis. Uncomplicated
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Fig. 9 Inflammatory bowel disease in a 14-year-old-female
with abdominal pain for two weeks. Axial contrast-enhanced
CT image demonstrates extensive thickening and enhancement
of the ileocecal region (arrow). The appendix, likely included
in the phlegmon, could not be visualized

Crohn’s disease can be treated first with anti-inflam-
matory drugs. Unfortunately, due to the overlap of
clinical presentations and imaging findings, surgical
exploration may be required to distinguish between
acute appendicitis and inflammatory bowel disease in
many children (Lowe et al. 2001c).

2.5.1.3 lleocecal Intussusception

Ileocecal intussusception primarily occurs in infants
and children. The usual history is a child under
3 years of age with episodic acute right lower quad-
rant pain (Koumanidou et al. 2002). Lymphoid
hyperplasia in the distal ileum can act as a lead point
for intussusception. Other potential lead points may
include inflammation of Peyer patches, Meckel
diverticulum, gastrointestinal duplication cysts, pol-
yps, and lymphoma (Carty 2002; van Breda Vriesman
and Puylaert 2006). CT imaging of intussusception
shows circumferential layers of thickened bowel wall
surrounding lymph nodes and mesenteric fat. The
appearance of intussusception on CT is that of a target
with layers of bowel wall thickening alternating with
intussuscepted mesenteric nodes and fat (Fig. 10).
Treatment includes image guided pneumatic or
hydrostatic reduction in most cases, and if unsuc-
cessful, surgery is required.

2.5.1.4 Omental Infarction

Omental infarction may present with findings sug-
gestive of appendicitis (Helmrath et al. 2001; Nagar
et al. 2003). Obesity is a risk factor for omental

Fig. 10 Intussusception in a 2-year-old-female with abdomi-
nal pain. Axial contrast-enhanced CT image shows a right
lower quadrant mass forming a target appearance with alter-
nating layers of bowel wall and mesenteric fat (arrow). The
target appearance is due to the infolding of the small bowel
(intussusceptum) into the colon (intussuscipiens)

infarction, and the increasing incidence of obesity
in the pediatric population may lead to increased
rates of omental infarction (Varjavandi et al. 2003).
On CT, omental infarction shows a focal area of
inflammatory stranding within the greater omentum
which is located anterior to the transverse or
ascending colon beneath the anterior abdominal
wall (Lowe et al. 2001c; Grattan-Smith et al. 2002).
For the radiologist, recognition of omental infarc-
tion is important because it is a self-limiting con-
dition not requiring surgery. Rarely, omental
infarction may require laparoscopic removal of the
infarcted tissue to avoid possible abscess or adhe-
sions (Varjavandi et al. 2003; Grattan-Smith et al.
2002).

2.5.2 Gynecological

2.5.2.1 Pelvic Inflammatory Disease

Pelvic inflammatory disease may present with acute
right lower quadrant pain. Imaging findings may
include adnexal prominence and free pelvic fluid in
the cul-de-sac. Confusion can arise due to overlapping
imaging features of hydrosalpinx and a dilated
appendix found in the right lower quadrant (Yu
et al. 2005a). Identification of adnexal tenderness on
physical examination may be the most practical way
to distinguish between pelvic inflammatory disease
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Fig. 11 Hemorrhagic ovarian cyst in a 16-year-old-female
with acute right lower abdominal pain. Axial contrast-enhanced
CT reveals a cystic structure in the right adnexa (arrow) with
wall thickening and enhancement. In addition, a moderate
amount of free pelvic fluid (triangles) is present indicating
rupture of the hemorrhagic ovarian cyst

and appendicitis. Treatment of pelvic inflammatory
disease usually involves antibiotics (Yu et al. 2005a).

2.5.2.2 Hemorrhagic Ovarian Cyst

The most common gynecologic condition mimicking
appendicitis is a hemorrhagic ovarian cyst (Yu et al.
2005a). Helical CT findings include a well-defined
cystic adnexal mass containing internal high attenu-
ation material (Fig. 11). Rupture of a hemorrhagic
ovarian cyst releasing free pelvic fluid and causing fat
stranding can lead to a false-positive diagnosis of
acute appendicitis (Yu et al. 2005a). Identification of
an ovarian cyst and a normal appendix are helpful to
determine a correct diagnosis.

2.5.2.3 Ovarian Torsion

Ovarian torsion is a surgical emergency that involves
twisting of the ovary resulting in vascular compro-
mise. Adolescents have increased mobility of the
adnexa, which can lead to an increased risk of torsion
(Bennett et al. 2002). Key non-contrast CT findings of
ovarian torsion include ovarian enlargement and tubal
thickening due to vascular congestion (Moore et al.
2009; Yu et al. 2005b). Contrast-enhanced CT dem-
onstrating an enlarged ovary with multiple subcapsu-
lar foci of low attenuation is 93% specific for a
diagnosis of ovarian torsion (Fig. 12). Right lower
quadrant fat stranding may extend to the appendix
erroneously suggesting a diagnosis of appendicitis.

Fig. 12 Ovarian torsion in a 13-year-old-female with right
pelvic pain. Axial contrast-enhanced CT image shows a well-
defined enlarged ovary with multiple peripherally enhancing
subcapsular cysts (arrow) located posterior to the contrast
filled bladder. Note the normal ovary on the left side
(triangle)

2.5.3 Genitourinary

2.5.3.1 Urolithiasis

Ureteral obstruction may present with right lower
quadrant pain when the obstruction is caused by an
obstructing stone. Presenting symptoms in children
are more unpredictable than adults (Fisher and
Reeves 2004). Dilation of the right renal collecting
system and urine extravasation from the ureter may
occur, extending into the right lower quadrant, rarely
causing fat standing mimicking acute appendicitis
(Yu et al. 2005a).
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Abstract
Despite the high incidence of acute appendicitis

1 INtroduction..............ccococoeeeeeeeeeeeeeeeeeeeen 177 in children, its diagnosis remains difficult. This
2 Accuracy of Imaging for Acute Appendicitis chapter will discuss the usefulness of ultrasound vs
(Ultrasound vs. Computed Tomography)............. 178 computed tomography in diagnosing pediatric
3 US and CT Protocols: An Effort to Minimize appendicitis and the cost-effectiveness of imaging
Radiation RiSK.........oo.oooooooeoeeeooeoeoeoeoeeoe 179 these patients based on recently published studies.
4  Cost-Effectiveness and Financial Impact The .COSF—effec.tivenes.s and ﬁnancial. i'rflpact of
of Imaging in Acute Appendicitis......................... 180 imaging in patients with acute appendicitis should
be taken into account by clinicians who seek
References.............cccooveiviiiiinieinincnceeccneeeee 182 . . s . .
accurate diagnosis. Clinicians must aim to avoid
radiation exposure in children whenever possible,
but should also seek to minimize costs in an
increasingly expensive health care system.
1 Introduction
Acute appendicitis is the most common reason for
abdominal surgery in children (Sivit and Applegate
2003; Kwok et al. 2004; Puig et al. 2008) and is diag-
nosed in 1-8% of children presenting with abdominal
pain to the emergency room (ER) (Kwok et al. 2004;
Rothrock and Pagane 2000). There are approximately
70,000-90,000 pediatric cases of acute appendicitis
yearly in the United States (Brennan 2006, Agency for
Healthcare Research and Quality (AHRQ) 2000). The
estimated incidence ranges from 75 to 233 per 100,000
pediatric patients per year, with boys affected more
S. Kamat - B. M. Garcia Pefia (0<]) - C. Blackmore - commonly than girls at a rate of 1.4/1.0 (Puig et al.
L. Santiago Medina . 2008). Acute appendicitis is more common in
I\D/[ll\;l lﬁfré}?fligerﬁzf;ﬂ all\flzilg(l)ng’w 62nd Avente, 10-19-year-old patients, although it can present even
Miami, FL 33155, USA under 1 year of age (Sivit and Applegate 2003; Puig et al.
e-mail: barbpena@gmail.com 2008). The rate of perforation in pediatric patients
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ranges from 23 to 73% in various series and is higher in
young children (Sivit and Applegate 2003; Kwok et al.
2004; Rothrock and Pagane 2000; Garcia Pena et al.
1999a). This may be related to the fact that clinical
diagnosis is often difficult in these patients. In general, it is
more difficult to obtain a clear history and physical
examination in children than in adults. Many laboratory
tests such as the white blood cell count are non-specific
and can be elevated in many non-surgical conditions.
Therefore, there is an ongoing interest in identifying
an imaging test that could help in diagnosing acute
appendicitis.

Acute appendicitis in children is a very common
reason for hospitalization and incurs costs in terms
of health care resources. In the United States, 238
appendectomies are, on average, performed daily in
children (Agency for Healthcare Research and Quality
(AHRQ) 2000). Annually, acute appendicitis accounts
for approximately 87,000 pediatric hospital stays,
representing 4% of all hospital stays for pediatric
illness (Agency for Healthcare Research and Quality
(AHRQ) 2000). Appendicitis is the second-most com-
mon reason for hospitalization for children and ado-
lescents 617 years old. The aggregate total charges
related to care of pediatric patients with acute appen-
dicitis sum up to over $800,000,000 annually (Agency
for Healthcare Research and Quality (AHRQ) 2000).
At an institutional level, a retrospective chart review by
our group showed that 308 pediatric patients who were
observed for possible acute appendicitis collectively
accumulated 487 inpatient observation days, with a per
patient cost of $5,831 (Garcia Pena et al. 1999a).

The goals of imaging in suspected acute appendi-
citis are (1) to provide an earlier diagnosis, and (2) to
identify complications, such as perforation or abscess,
which may change the surgical management. It is also
imperative to perform imaging in a cost-effective
manner as well as in a way where the patient will
have a beneficial outcome with improved care by both
the pediatrician and surgeon.

2 Accuracy of Imaging for Acute
Appendicitis (Ultrasound vs.
Computed Tomography)

Extensive review reveals that there are evidence-based
studies investigating this particular topic. First descri-
bed in 1981, ultrasound (US) was the diagnostic

procedure of choice for appendicitis. In 1998, Rao et al.
(1998) advocated computed tomography (CT) scans for
improved patient care in the diagnosis of acute
appendicitis. Since then there have been numerous
studies investigating the accuracy of diagnosis with
ultrasound and CT with regard to acute appendicitis.

A recent meta-analysis by Doria et al. (2006) found
26 prospective and retrospective studies of graded
compression US and/or CT in pediatric patients (mean
age range, 7—12 years) with suspected acute appendi-
citis. These studies included results from US only, CT
only, or combined US and CT in 6,850, 598, and 1,908
patients, respectively. The mean sample prevalence of
acute appendicitis in these studies was 0.31 for both US
and CT articles (range, 0.15-0.75). The weighted per-
foration rate in positive appendicitis cases was 26.5%.

This meta-analysis identified eight studies of CT
in pediatric patients, which demonstrated a pooled
sensitivity of 94% (95% confidence interval (CI),
92-97%), a combined specificity of 95% (95% ClI,
94-97%), and a summary diagnostic odds ratio of 239
(95% CI, 118-487). For the extracted data, the positive
and negative likelihood ratios were 18.8 and 0.06,
respectively (Puig et al. 2008). When these test speci-
fications were applied to a population with the mean
prevalence of appendicitis found in the trials examined
by Doria et al. (31%), the positive predictive value was
89%, and the negative predictive value was 97%.

There were 23 studies of graded compression US
that met inclusion criteria in this meta-analysis. With
one outlier removed, the pooled sensitivity of US in
the pediatric population was 88% (95% CI, 86-90%),
the pooled specificity was 94% (95% CI, 92-95%),
and the summary diagnostic odds ratio was 202 (95%
CI, 159-258). The positive and negative likelihood
ratios were 14.7 and 0.13, respectively (Puig et al.
2008). The positive predictive value of graded com-
pression US was 87%, and the negative predictive
value was 95% using the mean prevalence of 31% for
calculations.

Thus, in children with suspected acute appendicitis
in whom further evaluation with imaging is desired,
the meta-analysis by Doria et al., demonstrated that
there is a significant difference in the weighted pooled
sensitivities in favor of CT, with no significant dif-
ference in specificity of CT compared to US. How-
ever, as the authors noted, pediatric patients in general
demonstrate greater sensitivity to ionizing radiation,
which is produced with CT scanning. This radiation
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risk linked to CT use should be balanced by the risk of
additional false negative cases with US.

Several limitations were identified in the examined
studies, including potential verification and selection
biases, which could result in falsely inflated sensi-
tivity and specificity estimates. The degree of differ-
ential verification bias is probably similar between CT
and US since patients with negative imaging results
were likely to be managed nonoperatively regardless
of modality. Additional difficulties in analysis inclu-
ded lack of randomization of patients to imaging
groups. It may be difficult to generalize these results
worldwide since CT was more commonly used in
North America whereas US was more prevalently
used in Europe and Asia. In addition, relatively few
children under the age of 5 years were included in
many of the studies, so that their results may not hold
true for infants and preschool age children.

Reviewing the literature published after the article
by Doria et al.,, only one single prospective study
examining CT in pediatric patients with suspected
acute appendicitis was identified (Acosta et al. 2005).
This study, published in 2005, included 94 patients
aged from 6 tol7 years admitted to the hospital for
possible acute appendicitis, and reported that CT with
rectal contrast had a sensitivity of 100%, specificity of
98%, positive predictive value of 90%, and negative
predictive value of 100% for the 53 patients in whom
the appendix was visualized. It is important to notice
that these investigators considered the CT examina-
tions in which the radiologist could not identify the
appendix as positive for possible appendicitis. Given
the relatively small sample size, these results are
consistent with the results of the meta-analysis by
Doria et al., although the absence of data in the many
individuals in whom the appendix was not seen limits
the conclusions.

An additional consideration in deciding on the use
of US vs. CT is the patient body habitus. A high body
mass index (BMI) can limit the visualization of the
appendix at US: the appendix is indeed not detectable
in 79% of overweight children compared to 33% in
normal weight and 25% in underweight children
(Puig et al. 2008). Importantly, the vast majority of
studies evaluating diagnostic imaging do not report
any information on patient’s weight or BMI, and it is
thus difficult to propose any cutoff at which a par-
ticular child with a given weight would benefit more
from CT than US. A retrospective study by Grayson

et al. found that increased intraperitoneal fat was
correlated with a significantly increased likelihood of
visualizing a normal appendix on CT in pediatric
patients (Grayson et al. 2001).

3 US and CT Protocols: An Effort
to Minimize Radiation Risk

In the emergency department (ED), a significant
amount of radiation exposure is due to CT scans
performed for the diagnosis of appendicitis (Ramarajan
etal.2009). Children are at increased risk of developing
cancer from low-dose radiation and it is therefore
desirable to utilize CT only when appropriate
(Ramarajan et al. 2009). US eliminates radiation but
has a lower sensitivity than CT. There has been recent
interest in an interdisciplinary initiative to use a staged
US and CT pathway to maximize diagnostic accuracy
while minimizing radiation exposure in children.

Ideally, an imaging protocol would combine the
sensitivity of CT with the lack of ionizing radiation
afforded by US in order to maximize diagnostic accu-
racy while minimizing patient risk. In our literature
search, two prospective studies were identified which
examined the combination of graded compression US
as the initial imaging, followed by CT study if the
appendix was not visualized at US or if US was
inconclusive (Teo et al. 2000; Garcia Pena et al. 1999b).
These studies enrolled a total of 585 patients with a
prevalence of appendicitis ranging from 23 to 43% with
a pooled prevalence of 39%. The sensitivity varied
from 77 to 97% with a pooled sensitivity of 95% (95%
CI, 83-100%). The range of specificity was 89-99%,
with a pooled result of 93% (95% CI, 97-97%). As
expected, these series demonstrated a greater sensitiv-
ity and lower specificity when the combined US fol-
lowed by CT results were considered than when the US
data were considered alone. Another randomized trial
of 600 patients compared results of CT and US versus
US alone in a pediatric population (Kaiser et al. 2002).
This study demonstrated similar results to the two
aforementioned series, with the combined CT and US
protocol demonstrating a sensitivity of 99% and spec-
ificity of 89% while ultrasound alone showed a sensi-
tivity of 86% and specificity of 95%.

Another recent study published in 2009 by
Ramarajan et al. emphasized similar findings regard-
ing a protocol of US followed by CT in the diagnosis
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of pediatric appendicitis (Ramarajan et al. 2009). This
study was a retrospective outcomes analysis of
patients presenting for suspected appendicitis at an
academic children’s hospital ED over a 6-year period.
The pathway established US as the initial imaging
modality. CT was recommended only if US was
equivocal. Clinical and pathologic outcomes from ED
diagnosis and disposition, histopathology, and return
visits were correlated with the US and CT. ED
diagnosis and disposition, pathology, and return visits
were used to determine outcome.

A total of 680 patients met the study criteria.
A total of 407 patients (60%) followed the pathway.
Two hundred of these (49%) were managed defini-
tively without CT. A total of 106 patients (26%) had a
positive US for appendicitis; 94 (23%) had a negative
US. A total of 207 patients had equivocal US with
follow-up CT. A total of 144 patients went to the
operating room; 10 patients (7%) had negative
appendectomies. One case of appendicitis was missed
(<0.5%). The sensitivity, specificity, negative pre-
dictive value, and positive predictive values of this
staged US-CT pathway were 99, 91, 99, and 85%,
respectively. A total of 228 of 680 patients (34%) had
an equivocal US with no follow-up CT. Of these
patients, 10 (4%) went to the operating room with one
negative appendectomy. A total of 218 patients (32%)
were observed clinically without complications. This
study had a negative appendectomy rate of 7% and a
missed appendicitis rate less than 0.5%, both rela-
tively acceptable.

It therefore can be concluded that there is moderate
evidence-based medicine that supports the idea that
acute appendicitis can be diagnosed in children with a
protocol that emphasizes minimizing radiation risks
without losing diagnostic accuracy. Further prospec-
tive studies are needed in regard to the use of the
pathway coupled with patient demographics, clinical
characteristics, and laboratory values that can help in
the diagnosis of acute appendicitis.

4 Cost-Effectiveness and Financial
Impact of Imaging in Acute
Appendicitis

The data examining the cost impact of imaging in
pediatric patients with suspected acute appendicitis
are limited. Since patients with equivocal appendicitis

have traditionally been admitted for observation, it
has been postulated that use of imaging could
decrease costs by allowing for more patients to be
definitely diagnosed as negative in terms of appen-
dicitis and sent home. However, no formal cost-
effectiveness analyses are available.

A prospective cohort study of 94 pediatric patients
to be admitted for observation for possible acute
appendicitis found that if all of the patients who had a
normal appendix clearly visualized on CT had been
discharged home, the admission rate would have
decreased by 41.8% with no missed diagnosis given
the high accuracy of CT (Acosta et al. 2005). This
could have theoretically resulted in considerable
savings, as the mean length of hospital stay was
2.0 days.

In contrast, a retrospective review of 197 consec-
utive children who underwent appendectomy found
no significant improvement in diagnostic accuracy or
outcome in imaged compared to non-imaged groups,
with a delay in surgical treatment (12.1 h in imaged
group versus 5.4 h in non-imaged group, P < .001),
and a 26% increase in hospital charges, from $11,791
(imaged) compared to $9,360 (non-imaged,
P = .001) (York et al. 2005). However, significant
selection bias between the non-imaged versus the
imaged groups is likely, with the non-imaged group
representing more typical cases which could be taken
directly to the operating room. In addition, this study
did not include the potential cost impact from
avoiding surgery or observation on subjects without
appendicitis who had negative imaging.

A study by Garcia Pefia et al. used a decision
analytic model to examine a retrospective consecutive
cohort of children admitted to the hospital for obser-
vation for suspected appendicitis (Garcia Pena et al.
1999b). Three proposed strategies for patient man-
agement were evaluated using empirical data from
this cohort, which demonstrated sensitivity and
specificity of CT for appendicitis of 97 and 97% in
imaged patients. All three of the protocols involved
getting CT scans on children whom under the practice
of the time would have simply been admitted for
observation without CT imaging. Costs for average
charges from 1997 were applied to each situation and
were calculated using the average hospital charge
data. The total cost per patient using the traditional
practice strategy was $5,831, compared to $3,813 if
CT examinations were obtained in all patients and
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those with negative examinations sent home. This
second strategy would have resulted in the same
number of projected missed acute appendicitis cases
and a decrease in the negative appendectomy rate.
Two additional strategies involved admitting and
getting CT examinations in all and getting CT
examinations only in patients with elevated white
blood cells count. These strategies resulted in pro-
jected costs per patient of $5,277 and $5,140,
respectively. It was found that all three proposed CT
strategies would have reduced the number of obser-
vation days, surgical procedures, negative laparoto-
mies, and cost per patient compared to traditional
practice. The analysis was also repeated for a range of
sensitivities from 80 to 100%, which no change in the
relative ordering of the strategies. These modeling
data have not been validated in actual clinical
practice.

Garcia Pena et al. also completed a prospective
cohort study of 139 children with equivocal clinical
findings of acute appendicitis (Garcia Pena et al.
2000). Subjects were evaluated with US, and those
with negative or unequivocal US findings then had
CT with rectal contrast. Surgical management plans
were recorded before imaging, following US, and
following CT, and total hospital direct and indirect
costs incurred or saved were determined at each point.
The imaging protocol resulted in a total cost savings
of $565 per patient, in this cohort with a 36% prev-
alence of acute appendicitis.

These limited data suggest that there could be cost
savings associated with imaging pediatric patients
with suspected acute appendicitis, but the exact
effects are unclear particularly given our present
inconclusive knowledge of the effects of imaging on
the negative appendectomy rate and clinical decision
making.

A recent article by Wan et al. used a Markov
decision analytic model to investigate the cost-effec-
tiveness of US vs. CT in pediatric acute appendicitis
(Wan et al. 2009). This decision model was con-
structed by using costs, utilities, and probabilities
from the literature. As the base-case scenario, the
study selected a 5-year-old child clinically suspected
of having acute appendicitis at presentation. The age
of 5 years was chosen because the risk of radiation-
induced malignancy is highest and most relevant for
young patients. The model simulated the course of
events, starting from the initial diagnostic imaging

test at the age of 5 years, and ending when the patient
died or reached 100 years of age.

The risk of radiation-induced cancer was modeled
by using the Biological Effects of Ionizing Radiation
VII report, which is based primarily on data from
atomic bomb survivors (Committee to Assess Health
Risks from Exposure to Low Levels of Ionizing
Radiation - National Research Council 2006). The
three imaging strategies were US, CT, and US
followed by CT if the initial US study was negative.
The model simulated the short-term and long-term
outcomes of the patients, calculating the average
quality-adjusted life span and health care costs.

The results showed that for a single abdominal CT
study in a 5-year-old child, the lifetime risk of radi-
ation-induced cancer would be 26.1 per 100,000 in
girls and 20.4 per 100,000 in boys. In the base-case
analysis, US followed by CT was the most costly and
most effective strategy, CT was the second-most
costly and second-most effective strategy, and US was
the least costly and least effective strategy. The
incremental cost-effectiveness ratios (ICERs) of CT
to US and of US followed by CT to US were both
well below the societal willingness-to-pay threshold
of $50,000. The ICER of US followed by CT to CT
was less than $10,000 in both boys and girls.

This study incorporated the health care costs and
loss of life associated with radiation-induced cancer
in association with the cost-effectiveness of radio-
logical imaging. The principal limitation was that
there is still an extreme degree of uncertainty asso-
ciated with current estimates of radiation-induced
cancer, especially at very low doses (Wan et al.
2009).

The decision of how to image suspected appendi-
citis in children depends on many factors including
cost and side effects. In this study, when the incidence
of acute appendicitis in patients referred for imaging
was very low (< 5%), US was the most effective and
least costly imaging strategy; conversely, if the inci-
dence was greater than 21%, the strategy of US
followed by CT was most effective.

This study concluded that in a Markov-based
decision model of pediatric acute appendicitis, the
most cost-effective method of imaging was to start
with a US study and follow each negative US study
with a CT examination (Wan et al. 2009). The cost-
effectiveness and financial impact of imaging in
patients with acute appendicitis should be taken into
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account by clinicians who seek accurate diagnosis.
Clinicians must aim to avoid radiation exposure in
children whenever possible, but should also seek to
minimize costs in an increasingly expensive health
care system.
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Abstract

In children, it is widely recommended to avoid, or at
least minimize, ionizing radiations. Ultrasonogra-
phy and more recently MRI have become more
widespread in clinical imaging departments. Even if
MRI is sensitive to breathing artefacts that are not
easily avoidable in children, ultrafast sequences that
reduce them substantially are now widely available.
MRI is thus an attractive alternative imaging
technique in children suspected of acute appendici-
tis, with high negative predictive value, and sensi-
tivity and specificity slightly superior to those of CT.

1 Introduction

As a non-ionizing imaging technique, MR is appro-
priate for imaging children, adolescents, women in
childbearing age, and pregnant women. Nevertheless,
publications dealing with MR in children suspected of
acute appendicitis are rare and mostly based on small
number of patients (Hormann et al. 1998, 2002;
Inescu et al. 1997; Doria et al. 2006).

As children are often difficult to explore clinically,
they need imaging examinations in order to rule out
indication for surgery, to avoid unnecessary surgery,
and to reduce the perforation rate in case of acute
appendicitis. This has to be done in accordance with
the ALARA (as low as reasonably achievable) prin-
ciple, by minimizing the delivered radiation dose
(Brenner et al. 2001).

There are still several reasons why MR imaging is
not usually performed in children. First, although the
number of MR scanners has increased over years,
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their availability in most general hospitals is still
limited. Second, sedation may be mandatory to obtain
sufficient image quality. Nevertheless, if gently man-
aged children suspected of acute appendicitis—who are
mostly at school age—do not require any sedation.
Third, most MR units are reserved for neurological
patients during night-time and week-ends. However,
some hospitals have adopted a policy to not perform
appendectomy between 12 PM and 7 AM, unless the
patient is very ill (Cobben et al. 2009).

2 Imaging Technique

MR examination in children should be tailored to the
patient’s size and age. The most useful sequences are
T2 or T2 -weighted, and STIR or T2- weighted-
fat-saturated (T2 fat sat) sequences that shows best
the inflammatory changes in acute appendicitis. T1-
weighted images are not usually useful for depicting
the normal or detecting the inflamed appendix but it
could help in distinguishing tissue composition and in
establishing, among multiple differential diagnoses,
the definite one. Very recently, diffusion-weighted
images were shown to be of value for diagnosing
acute appendicitis (Inci et al. 2010).

In an acute setting and in order to act as fast as
possible, T2-weighted and STIR/T2 fat sat can be
sufficient to rule out acute appendicitis. The MR
image should be obtained in coronal and transversal
planes. The sagittal plane could give additional and
complementary information in pregnant women
because their appendix is commonly displaced later-
ally or cranially to the cecum, but is not recom-
mended in children (Baldisserotto et al. 2008;
Nikolaidis et al. 2006). The most appropriate plane
depends however on the course of the appendix.

The slice thickness should range from 4 to 6 mm,
the intersection gap not more than 2 mm, as the size
of normal or inflamed appendix ranges from 3 to
20 mm. The sequence parameters should be chosen
according to the used MR scanner as well as to the
user’s experience. The field of view should be
appropriate for patient’s size and the MR examination
explores from beneath the symphysis pubis to as high
as possible in the abdomen in order to rule out differ-
ential diagnoses such as hernias and osteochondritis
ischiopubica. The examination should never be
focused on the right lower quadrant of the abdomen

Fig. 1 Axial T2-weighted image showing the normal appendix
(arrow) coursing on the psoas muscle. The diameter is lower
than 6 mm. No inflammatory changes in the surrounding tissue

alone. Especially in girls, the examination should also
cover the genital organs as well as the kidneys in both
genders. Finally, breathholding after full inspiration
(needing patient rehearsal) prevents breathing arte-
facts and is feasible in children at least in school age
(Hormann et al. 1998; Cobben et al. 2009).

In children, sedation is only seldom necessary as
acute appendicitis is not common in children less than
6-7 years of age, the examination time exceeding not
approximately 20 min.

Because of the excellent contrast resolution of MR
in acute appendicitis, the use of MR contrast agents is
not necessary, making this technique an excellent
alternative in patients with renal dysfunction.

3 Image Interpretation

The maximal outer diameter of the normal appendix
is smaller than 7 mm. The signal of the normal
appendix on T1 and T2-weighted images is hypo or
hyperintense, depending on the studies (Fig. 1). Its
detection rate increases with the amount of intraab-
dominal fat that yields an intrinsically high contrast
(Hormann et al. 2002).

The inflamed appendix has an outer diameter lar-
ger than 67 mm and the thickened wall displays a
high signal on T2-weighted images (Hormann et al.
1998, 2002; Inescu et al. 1997; Barger and Nandalur
2010). The appendiceal lumen contains mostly fluid,
and appendicolith is detected as a signal void lesion in



Imaging of Acute Appendicitis in Children: MRI

185

Fig. 2 a Axial T2-weighted
image showing lateral and
ventral to the cecum a target
lesion (arrow) with a thickened
hyperintense wall (outer
diameter larger than 7 mm) and
periappendiceal fluid
collection. b Coronal
T2-weighted image in the same
patient with acute appendicitis.
Signal void lesion in the lumen
corresponding to an appendi-
colith. Note extensive ascite

the lumen (Fig. 2). Note that a signal void lesion can
also represent gas within the lumen without patho-
logical significance (Hormann et al. 1998; Barger and
Nandalur 2010).

Periappendiceal changes consisting of edematous
changes of the periappendiceal fat (i.e., periappendi-
ceal fat stranding) with high signal on T2-weighted
images can evolve in fluid collections of various sizes
in the cecal region. These changes are important to
consider if the appendiceal diameter is not increased.
Enlarged lymph nodes can also be seen along the
appendiceal artery. Air-fluid levels resulting from
local paralysis of the small bowel can be seen in its
surrounding loops with sometimes thickened walls.
These findings should be interpreted with caution as
they could also be seen in inflammatory ileitis with
involvement of the appendix, a particular clinical
circumstance that should not be operated.

In case of appendiceal perforation, MR findings
can be misleading as abscess formation, surrounding
inflammatory changes, and reactive thickening of the
bowel wall could be misinterpreted as malignancy
(Fig. 3).

4 Alternative Diagnoses

As described in the chapters discussing ultrasonogra-
phy and CT, most of the alternative diagnoses can be
detected by these two techniques. However, some
alternative diagnoses can be better depicted by MR
imaging, especially gynecological disorders and
inflammatory bowel disease because of the high soft
tissue resolution provided by MR. Ovarian torsion
secondary to an ovarian cyst or tumor is one of these
diagnoses that should be rapidly detected as it

necessitates rapid surgery. O. ischiopubica, with

edematous changes and thickening of the pubis syn-

chondrosis is another important alternative diagnosis in

children at school age that can be easily made at MR.

Finally, lymphadenitis mesenterialis is very common in

children and is typically seen 2 weeks after a “cold”.

Lymphadenitis mesenterialis can be diagnosed at MR

on the basis of multiple lymph nodes detected in the

mesenteric root, predominantly in the region of the

belly button and in the area of the right lower quadrant.
List of most common alternative diagnoses in

children.

Gastrointestinal

— Any form of inflammatory bowel disease

Meckel’s diverticula

Hernia

Intussusception

Lymphadenitis mesenterialis after viral infection of

the tracheobronchial system

Gynecological

— Ovarian torsion (with cyst or tumor)

— Rupture of ovarian cyst

— First menses

Urological

— Ureteropelvic obstruction

— Pyelonephritis

— Obstruction from calculi

Unspecific

— Non-specific abdominal pain (NSAP) with no
morphological changes

— Diseases with pain referred to the periumbilical
region

Thorax

— Basal pneumonia

Musculoskeletal

— O. ischiopubica
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Fig. 3 a Axial T2-weighted
image in an adolescent girl
showing a big mass (arrows)
in the right lower quadrant
with inhomogeneous signal
and a pseudo capsule. The
adjacent uterus is displaced
and there is peritoneal
effusion. b Coronal
T2-weighted image shows in
the upper lateral aspect a
small signal void lesion.

¢ T1-weighted sagittal images
after gadolinium IV, showing
marked enhancement of the
mass, extensive inflammatory
changes of the pelvic soft
tissues, and inflammatory
changes of the adjacent small
bowel wall. d T1-weighted
images without gadolinium,
showing a mass of mixed
intensities with fluid in the
“capsule”. Differential
diagnosis was: perforated
acute appendicitis, tubo
ovarian abscess, or tumor.
Surgery revealed acute
perforated appendicitis

5 Pros and Cons

MR imaging as a complement to ultrasound in case of
suspected acute appendicitis is still controversial.
There are indeed surgeons who rather rely on their
clinical experience than on imaging, whereas others
recommend imaging and even further imaging in cases
of inconclusive ultrasound. CT is commonly recom-
mended if ultrasound is inconclusive even in children
(Doria et al. 2006). However, sensitivity, specificity,
positive predictive, and negative predictive values of
MR imaging in patient suspected of acute appendicitis
are all very high and meta-analyses even reveal sen-
sitivity and specificity (97% each) higher than those of
CT (91 and 90%, respectively) (Barger and Nandalur
2010). The preference of CT over MR imaging is
probably due to its greater availability as compared to
MR on a 24 h basis, and to the fact that CT is believed

cheaper than MR. Cobben et al. have evaluated the
effect of imaging examinations (Ultrasound, CT, and
MR) on the use of hospital resources by calculating the
avoided unnecessary appendectomy and avoided
observation days. These authors showed significant
cost savings resulting from the use of imaging. Fur-
thermore they showed that imaging speeds up the
diagnostic process (Cobben et al. 2009). The impact of
imaging on negative appendectomy rate, that should
be as low as possible, is further discussed in
“Impact of Imaging on Negative Appendectomy Rate”
by CA Coursey and RD Moreno.

Bearing in mind the radiation burden delivered by
CT and the so-called ALARA principle, one should
remember that children should be protected from
ionizing radiations. We could therefore recommend
performing MR imaging in children of any age in case
of inconclusive ultrasonography (Hormann et al.
1998; Inescu et al. 1997; Brenner et al. 2001).
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Abstract

The term appendicitis covers four patho-
physiological concepts: acute appendicitis, chronic
appendicitis, recurrent acute appendicitis, and spon-
taneously resolving appendicitis. Chronic appendi-
citis is subject to many discussions, and most
authors actually conclude that there is no patholo-
gical substrate for chronic appendicitis. In contrast,
spontaneously resolving appendicitis is well-
recognized but management of patients with
spontaneously resolving appendicitis is still a
matter of debate as conservative treatment could
be associated with high rate of recurrence and
recurrent episodes sometimes with perforation.

1 Introduction

Appendicitis is the most common abdominal surgical
emergency in the Western World. In our hospital
about 600 patients are admitted for suspected
appendicitis each year, and 200 eventually prove to
have it. The term appendicitis covers four patho-
physiological entities: acute appendicitis, chronic
appendicitis, recurrent acute appendicitis, and spon-
taneously resolving appendicitis.

The appendix is a blind-ending tube with a narrow
lumen, and, as such, prone to obstruction. Obstruction
of the appendiceal lumen has been attributed to a
number of etiologies including fecaliths, normal stool,
viral induced ulcers, lymphoid hyperplasia, and
appendicolith. Acute appendicitis is the result of
appendiceal obstruction associated with infection, as

C. Keyzer and P. A. Gevenois (eds.), Imaging of Acute Appendicitis in Adults and Children, 191
Medical Radiology. Diagnostic Imaging, DOI: 10.1007/174_2011_238, © Springer-Verlag Berlin Heidelberg 2011
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Fig. 1 Spontaneously
resolving appendicitis. US
studies of a 11 year-old girl
suspected of having
appendicitis show an enlarged
appendix of 7 mm,
surrounded by mild
periappendicitis (a). During
the initial examination the
clinical symptoms had
subsided, and she felt no pain.
The surgeons decided not to
operate. Close clinical and US
follow-up was opted for and
the following days she was
doing fine, the US studies
showed a gradual
normalization of the appendix
at day 2 (b) and 5 (c) after the
initial examination. Two
years later though, she
returned with both a clinical
and US diagnosed recurrent
appendicitis (d). A clearly
enlarged appendix was seen
(asterisk) surrounded by
periappendicitis (arrowheads)

discussed in previous chapters of this volume
(Wangensteen and Bowers 1937). If appendectomy is
not timely performed, free perforation or the forma-
tion of an appendiceal phlegmon or abscess will
generally follow. However, in a minority of patients,
symptoms of appendicitis spontaneously resolve in an
early phase of the disease, usually within 24-48 h
after the onset of pain. This phenomenon, which is
believed to be caused by relief of obstruction, has
been labeled “spontaneously resolving appendicitis”
and is firmly documented by US follow-up studies
(Cobben et al. 2000; Jeffrey et al. 1988; Puylaert et al.
1987; Rioux 1992; Migraine et al. 1997; Ooms et al.
1991; Puylaert 1986). Chronic appendicitis is subject
of many discussions, and most authors now conclude
that there is no pathological substrate for chronic
appendicitis (Crabbe et al. 1986; Mattei et al. 1994;
Rosai 1996).

2 Spontaneously Resolving
Appendicitis

The frequent use of US in patients with right lower
quadrant pain has learned that it is not unusual to find
an unequivocally inflamed appendix, while the
patient’s symptoms are rapidly subsiding or already
have subsided at the time of the examination (Figs. 1,
2, 3). Follow-up US studies usually demonstrate a
gradual decrease in appendiceal diameter, until the
appendix has reached normal dimensions (Migraine
et al. 1997). Also clinical studies endorse the existence
of spontaneously resolving appendicitis. From 7 to
25% of patients who undergo appendectomy for acute
appendicitis mention a previous episode of similar
symptoms (Crabbe et al. 1986; Mattei et al. 1994;
Barber et al. 1997; Ferrier 1972; Lewis et al. 1975).
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Fig. 2 Spontaneously resolving appendicitis in a 28 year-old with a diameter of 7 mm surrounded by some inflamed fat.
man, who had pain in his right lower quadrant for 3 days but at  Follow-up US study 3 days later (b) showed a completely
the time of the US examination felt relieved of his symptoms. normal appendix without any sign of inflammation

The initial US study (a) showed a mildly inflamed appendix

Fig. 3 Spontaneously
resolving appendicitis in a

25 year-old woman. On
admission US reveals an
inflamed appendix (a, b) with
a diameter of 7 mm, and
suggestion of a fecalith at the
base of the appendix. Because
symptoms were rapidly
subsiding the surgeons
decided not to operate.
Follow-up US 3 days later
showed a normal
compressible appendix

(¢, d) with a diameter of

4 mm (longitudinal view
with arrowheads)

Spontaneously resolving appendicitis is not a rare during a 10 year period. In the same period, 1,280
phenomenon. In a study of our group (Cobben et al. appendectomies revealing acute  appendicitis
2000), we observed this phenomenon in 106 patients were performed. Together with the non-operated
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spontaneously resolving appendicitis in the same
period, the total number of patients with appendicitis
was 1,321, so the frequency of spontaneously
resolving appendicitis in this study was 8%. This
could however be an underestimation of the true
frequency of this phenomenon, since some of the
patients who were operated upon would have spon-
taneously been resolved.

Management of patients with spontaneously
resolving appendicitis is a controversial issue. Sur-
geons, who decide to operate despite subsiding
symptoms, will find their decision justified by the
pathologist confirming acute appendicitis, whereas
surgeons who decide to remain conservative, will find
their decision justified by spontaneous relief of
symptoms. The treatment of this entity is also con-
troversial because of the high recurrence rate after
conservative management. We have studied 60
patients with a clinical and US diagnosis of sponta-
neously resolving appendicitis who were primarily
treated conservatively. The follow-up period varied
from 60-580 weeks with a median period of
297 weeks. A total of 23 out of 60 patients (38%) had
recurrent appendicitis. Histology of the subsequently
removed appendix demonstrated acute appendicitis in
all 23 cases. Apart from a slightly higher chance of
recurrence in men, in case of an appendiceal diameter
of >8 mm, and in the absence of enlarged mesenteric
lymph nodes, no clinical or US features, could predict
a higher or lower chance of recurrence. The presence
of enlarged mesenteric lymph nodes was associated
with a lower chance of recurrence. One could argue
that these lymph nodes were in fact associated with
another bowel condition, such as infectious ileocecitis
or Crohn’s disease. In these conditions however, we
would have expected to visualize the conspicuous
wall thickening in the ileum and cecum as well
(Puylaert et al. 1997). A possible explanation for the
lower chance of recurrence in the group with enlarged
lymph nodes is the existing theory (Rosai 1996) that
obstructive appendicitis can be secondary to lym-
phoid hyperplasia in the appendiceal wall. If a patient
has lymphoid hyperplasia, this will also be reflected
by enlarged mesenteric lymph nodes. One could
assume that transient lymphoid hyperplasia, as a
cause of obstructive appendicitis, has a lower ten-
dency for recurrence than other causes of mechanical
obstruction.

It is thus difficult to give therapeutic recommen-
dations with a recurrence rate of 38% after sponta-
neously resolving appendicitis. Many surgeons will
indeed consider a 38% chance of recurrence an indi-
cation to operate immediately on any patient with
spontaneously resolving appendicitis. Furthermore, in
the subgroup of men with an appendiceal diameter of
>8 and no enlarged mesenteric lymph nodes, the
expected recurrence rate of 60% appears as a fair
indication for immediate surgery. Nevertheless,
patients who are completely free of symptoms may be
reluctant to let themselves be operated. In view of the
fairly high recurrence rate, patients who opt for con-
servative management must be warned to seek
immediate medical help in case of recurrent
symptoms.

If patients, despite clearly improving symptoms,
are operated immediately, histology confirms acute
inflammation, indiscernible from ordinary acute
appendicitis. If conservative management is opted,
there is a recurrence rate of almost 40% (Cobben et al.
2000), usually within 1 year. With each episode of
recurrent appendicitis, the appendiceal wall might
become more damaged and vulnerable, and it is
probable that each attack implies a higher chance of
perforation for the next episode. In our study, one of
our 23 patients with recurrent appendicitis had indeed
perforated appendicitis at the time of operation. This
consideration, in combination with the high recur-
rence rate, plus the fact that the next attack may come
at a more inconvenient time, is the reason why in our
hospital almost all patients with a spontaneous
resolving appendicitis, including those patients who
are entirely free of symptoms again, undergo imme-
diate appendectomy. In some cases an appendectomy
“a froid” (i.e., interval appendectomy) is planned
within a period of weeks. Although both patient and
surgeon may favor appendectomy at a more conve-
nient time, immediate appendectomy has the advan-
tage that histological proof of acute inflammation is
obtained. Another reason to perform immediate
appendectomy is that recurrent appendicitis not
infrequently occurs within the interval time in
case of interval appendectomy. We have also
observed that patients who claim to be entirely
symptom free, in fact were probably dissimulating
and progressed to an appendiceal abscess. The
treatment of appendiceal abscess is further discussed
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Fig. 4 Normal appendix
with lymphoid hyperplasia of
the appendix in a 8 year-old
boy suspected of having
appendicitis. Longitudinal

(a) and transverse (b) US
images show an enlarged
appendix of 8§ mm and power
doppler (c¢) showed some
reactive hyperemia in the
appendiceal serosa. The layers
of the appendix were intact.
The appendix was not at the
point of maximum tenderness
and there were no signs of
periappendicitis at all. Several
enlarged mesenteric lymph
nodes were seen and the
patient was diagnosed as
having mesenteric
lymphadenitis. During follow-
up no appendicitis developed

in “Treatment of Appendiceal Perforation” by
Almoudaris and Faiz.

3 False-Positive Diagnoses
of Spontaneously Resolving
Appendicitis

A false-positive diagnosis can be made if the normal
appendix is mistaken for an inflamed one. Of all nor-
mal appendices, 5% is larger than 7 mm. This is
especially true in children due to lymphoid hyperplasia
(Fig. 4) and in adults due to fecal impaction (Fig. 5).
Apart from the clinical presentation, US features as
appendiceal compressibility, the absence of hyper-
emia, and the absence of inflamed fat are the most
important findings for deciding whether the appendix
is normal or inflamed. If the appendix can be visualized
over its entire length and all layers are preserved, and
there is doubt whether it is inflamed or not, follow-up
US the next day is a safe policy. An appendix with
these features will not rupture overnight.

Mistaking a normal appendix for an inflamed one
may also occur if there is secondary thickening of the
appendix associated with cecal carcinoma. In the latter
case, the appendiceal lumen is obstructed giving rise
to sterile accumulation of mucus in the lumen. The
patient usually has remarkably mild symptoms and is
usually managed conservatively under the erroneous
clinical diagnosis of an appendiceal phlegmon. If the
underlying tumor is small and overlooked or not rec-
ognized, and considered to represent an appendiceal
phlegmon, this may lead to considerable delay in
surgical treatment. The combination of a relatively
large appendix with paradoxically mild and atypical
symptoms should raise suspicion of underlying
malignancy. Large, round mesenteric lymph nodes in
the direct neighborhood and liver metastases may
indicate the true diagnosis.

Other conditions which may cause secondary thick-
ening of the appendix are perforated peptic ulcer,
Crohn’s disease, and sigmoid diverticulitis. Detection
of the underlying condition by US or CT is then
mandatory.
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Fig. 5 Longitudinal (a) and
transverse (b, ¢) US images
show a normal appendix
(arrowheads) filled with
mucus (m) and feces (f) in a
45 year-old man who had an
US study for surveillance of
his abdominal aorta. The
appendix was compressible,
not painful and there were no
signs of periappendicitis

4 Impact of the Diagnosis
of Spontaneously Resolving
Appendicitis on Study Results

Spontaneously resolving appendicitis is a clinical
entity that could have an impact on the reported
performances of diagnostic techniques. The negative
laparotomy rate reflects the number of false-positive
diagnoses and the perforation rate reflects the number
of false-negative diagnoses. The perforation rate is
defined as the number of perforated appendices divi-
ded by the total number of acutely inflamed appen-
dices that are removed during an emergency
procedure. Perforation is defined as a per-operatively
confined, macroscopical defect in the appendiceal
wall and/or the presence of pus or feces in the
abdominal cavity (Rosai 1996). Surgeons tend to
favor early surgery in an attempt to avoid perforation
of the appendix and subsequent morbidity and mor-
tality, but this result in a number of unwarranted
operations. Diagnostic accuracy may be increased by
a conservative attitude to surgery in uncertain cases

(Thomson and Jones 1986). This strategy is criticized,
however, for giving an increased perforation rate.
Walled off perforations with development of an
appendiceal mass usually will be treated conserva-
tively, so no confirmation of the diagnosis in these
patients is obtained.

Almost all studies on diagnostic accuracy deliber-
ately leave out patients with an appendiceal mass and
deal only with the results of emergency appendectomy.
This implies that the actual perforation rates could be
much higher than reported in these studies. In others,
the diagnosis of appendicitis can be overestimated
clinically at surgery because histological confirmation
is not always present or accurate, and this can influence
the calculated perforation rate (Andersson et al. 1994).
The pathological criteria for acute appendicitis is
the presence of polymorphic granulocytes through-
out the appendiceal wall including the muscularis
(Rosai 1996). All other pathologic diagnoses such as
chronic fibrosis, parasitic infestation, and coprostasis
are considered as normal. The natural course of
non-perforating appendicitis is not known. Many
surgeons regard acute appendicitis as a progressive
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inflammation, but spontaneous resolution may occur
(Cobben et al. 2000; Migraine et al. 1997), and
microscopy of excised appendices may show signs of
healed inflammation. A high rate of exploratory lapa-
roscopy in suspected appendicitis increases the number
of confirmed cases (Howie 1964), presumably by
adding cases of self-limiting inflammation which
otherwise would have escaped detection. Inflammation
without symptoms, which is seen in up to 35% of
incidentally removed appendices (Pieper et al. 1982),
may also be erroneously diagnosed at laparoscopy as
appendicitis. The observed incidence of non-perforat-
ing appendicitis will therefore be influenced by a
willingness to perform exploratory laparoscopy in
cases of suspected appendicitis.

It is obvious that acute appendicitis, spontaneously
resolving appendicitis, recurrent appendicitis, and
non-operated appendiceal infiltrate or abscess all play
a role in these difficult statistical analyses evaluating
the outcome and effect of clinical imaging in patients
suspected of having appendicitis.
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1 Introduction
Primary appendiceal neoplasms are relatively uncom-
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malignant tumors is 0.12 cases per 1,000,000 people
per year (McCusker et al. 2002). There is a spectrum of
tumor cell types and consequently a wide spectrum of
affected patient demographics, clinical presentations,
management, and outcomes. Primary appendiceal
neoplasms include mucinous epithelial, colonic-type
epithelial, classic carcinoid, tubular carcinoid, goblet
cell, signet ring, lymphoma, and other tumor types
which are exceeding rare and include gastrointestinal
stromal tumors, smooth muscle tumors, and other rare
entities. Mucoceles that result from cystic mucinous
neoplasms account for the majority of appendiceal
tumors detected at imaging, whether as a symptomatic
lesion or an incidental finding, but other tumor types
may also be encountered.

With the exception of carcinoid tumors, most
appendiceal neoplasms are seen in adults who are
middle-aged or older. Primary appendiceal neoplasms
most often represent an incidental imaging and/or
pathologic finding but up to 30-50% of non-carcinoid
tumors may present with a clinical picture of acute
appendicitis in published series (Connor et al. 1998;
Pickhardt et al. 2002a; Carr et al. 1995). Other clinical
presentations including a palpable mass, intussus-
ception, gastrointestinal bleeding, ureteral obstruction
or hematuria, torsion, and increasing abdominal girth
from rupture of a malignant mucocele resulting in
pseudomyxoma peritonei have also been reported
(Hebert and Pickhardt 2007; Pickhardt et al. 2003).
The remainder of this chapter will review the various
types of primary appendiceal neoplasms, including
the typical clinical and imaging manifestations.

2 Epithelial Neoplasms

Epithelial neoplasms of the appendix may be either
benign (adenomas) or malignant (adenocarcinomas).
Most are mucin-rich but non-mucinous adenomas
and adenocarcinomas that are characteristic of non-
appendiceal colorectal neoplasia are occasionally seen.
Although epithelial neoplasms are less common than
appendiceal carcinoid tumors in surgical pathology
series, data from the National Cancer Institute’s
Surveillance, Epidemiology, and End-Results (SEER)
program shows that malignant epithelial tumors are
actually more common than malignant carcinoid
tumors, with age-adjusted incidence rates of 1.3 and
0.63 per 1,000,000, respectively (McCusker et al. 2002;
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Fig. 1 Appendiceal mucocele from mucinous adenoma.
Photograph of gross pathologic specimen shows ballooning
dilatation of the vermiform appendix from luminal mucin

McGory et al. 2005). Mucinous adenocarcinoma rep-
resents the most common malignant appendiceal tumor
overall. Compared with carcinoid tumors, which
generally have a benign clinical course that elude
diagnosis, epithelial neoplasms are more likely to be
symptomatic due to their larger size, mucin production,
and higher rate of complications.

2.1 Mucinous Epithelial Neoplasms
Most epithelial tumors of the appendix are mucin-
rich, demonstrate circumferential mucosal involve-
ment, and have a strong propensity to form mucoceles
(Carr et al. 1995). The term mucocele is simply a
macroscopic description of an appendix that is grossly
distended by mucus (Fig. 1). As such, it does not
constitute a pathologic diagnosis and can be caused
by a variety of non-neoplastic, benign neoplastic and
malignant conditions. Although mucinous neoplasms
of the appendix are by far the most common cause of
mucoceles, the terms mucinous neoplasm and muco-
cele cannot be used interchangeably. Interestingly,
mucoceles resulting from non-neoplastic occlusion
(simple retention cysts) rarely exceed 2 cm in
diameter (Carr et al. 1995; Carr and Sobin 1996).
Mucoceles larger than 2 cm that are initially diag-
nosed as simple mucoceles are more likely to repre-
sent benign neoplasms that have been under sampled.
Unlike adenomas seen elsewhere in the large
intestine, adenomas of the appendix are typically
composed of mucin-rich epithelium and demonstrate
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Fig. 2 Asymptomatic
appendiceal mucocele from
mucinous adenoma.
Radiograph from single-
contrast barium enema

(a) shows a smooth broad-
based impression (arrowhead)
at the expected region of the
appendiceal orifice. Image
from optical colonoscopy

(b) shows a smooth rounded
mass (M) protruding into the
cecum. Contrast-enhanced CT
images (c) and (d) show not
only the cecal filling defect
(arrowhead) but also the
low-attenuation contents and
the entire extent of the
mucocele (arrow) (Pickhardt
et al. 2002a)

a villous architecture (Carr et al. 1995; Carr and Sobin
1996). Moreover, these neoplasms tend to be
low-grade with circumferential involvement of the
appendix. As these lesions grow, the villi become
shorter and demonstrate more of an undulating
growth pattern. Progressive growth to mucocele for-
mation results in wall thinning and fibrosis of the
submucosa, lamina propria, and muscularis propria.
The presence of invasive neoplastic cells beyond
the muscularis mucosae is diagnostic for adenocar-
cinoma. The presence of acellular mucin within the
appendiceal wall is not in itself diagnostic for
malignancy and can be seen with some adenomas.
Mucinous lesions that cannot be classified as clearly
benign or malignant are considered to have uncertain
malignant potential. A mucinous adenocarcinoma can
be distinguished pathologically from the rarer colo-
nic-type adenocarcinoma of the appendix in that
at least 50% of the lesion is composed of mucin

(Carr et al. 1995; Carr and Sobin 1996). Whether
mucinous or non-mucinous, most adenocarcinomas of
the appendix probably evolve through an adenoma-
carcinoma sequence, similar to other colonic neo-
plasms (Carr and Sobin 1996).

2.1.1 Clinical Presentation
2.1.1.1 Benign Mucoceles due to Mucinous
Adenomas

Most benign mucoceles due to mucinous adenomas
are relatively asymptomatic and are found inciden-
tally at abdominal imaging or, less likely, at physical
examination as a palpable mass. Symptomatic mani-
festations from superinfection of a mucocele can be
clinically indistinguishable from nontumoral acute
appendicitis. However, mucinous neoplasms are less
likely to manifest with acute appendicitis than are most
other appendiceal neoplasms (Pickhardt et al. 2002a),
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Fig. 3 Appendiceal mucocele from mucinous adenoma. Contrast-enhanced CT image (a) shows a large mucocele. Photographs of
the uncut (b) and cut (c) gross specimen show the morphology and the intraluminal mucin

Fig. 4 Appendiceal mucinous adenoma detected incidentally
at screening CT colonography. Coronal CT image from
screening colonography shows bulbous distention of the
appendix (arrowheads) with low-attenuation material. Note
how the base of the appendix tapers to normal caliber,
rendering the luminal appearance normal

which may be related to the fact that mucoceles result
from chronic luminal obstruction, such that acute
presentation of these lesions generally requires super-
infection. Other symptomatic manifestations include
intussusception, torsion, and right ureteral obstruction
(Deans and Spence 1995; Hebert and Pickhardt 2007;
Pickhardt et al. 2003).

2.1.1.2 Mucinous Adenocarcinoma

Unlike mucinous adenomas, the majority of
mucinous adenocarcinomas produce symptoms that
lead to their eventual diagnosis (Deans and Spence
1995; Rutledge and Alexander 1992). Clinical
manifestations may have any of the causes listed

Fig. 5 Sonographic appearance of a mucocele of the appendix.
US image of the right lower abdomen shows a non-compressible
drumstick-shaped cystic structure containing diffuse low-level
echoes

previously for benign neoplastic mucoceles, but
malignancy-related causes such as direct invasion of
an adjacent organ or increasing abdominal girth
from tumor extension into the peritoneal cavity
(pseudomyxoma peritonei) (Carr and Sobin 1996;
Hinson and Ambrose 1998).

When used in an unqualified manner, the term
pseudomyxoma peritonei is fraught with ambiguity
(Pickhardt et al. 2003; Carr and Sobin 1996). It
generally describes intraperitoneal accumulation of
gelatinous material from mucin-producing cells, typ-
ically as a diffuse process, but is sometimes used to
describe localized collections of acellular mucin from
rupture of a benign mucocele. However, the diffuse
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Fig. 6 Small incidental mucocele from mucinous adenoma.
Curved reformatted CT image shows mild fusiform dilation of
the appendix (arrowheads), which measured up to 9 mm in
diameter. Subtle central low attenuation is present. Benign
mucinous cystadenoma was confirmed at appendectomy

Fig. 7 Mural calcification of incidental appendiceal mucocele.
Noncontrast CT image shows a cystic lesion in the right lower
quadrant in the expected location of the appendix with coarse
curvilinear mural calcification, which was confirmed to be a
benign mucinous adenoma of the appendix

Fig. 8 Asymptomatic appendiceal mucocele from mucinous
adenoma detected at screening CT colonography. 3D endolu-
minal (a) and 2D sagittal (b) images from screening CT
colonography show a cystic appendiceal mass at the base of the
cecum (arrow) which protrudes into the cecal lumen.
Subsequent endoscopic image (c¢) shows only the endoluminal

form involves proliferation of viable neoplastic cells
throughout the peritoneum and implies a malignant
cause (Carr and Sobin 1996). Some investigators posit
that nearly all true cases of pseudomyxoma peritonei
are appendiceal in origin and that associated ovarian
lesions represent metastatic disease, although this is
controversial (Carr and Sobin 1996; Hinson and
Ambrose 1998). The clinical course of diffuse pseu-
domyxoma peritonei is typically insidious and unre-
lenting, with a 5 year survival rate approaching 65%

mass effect. The endoscopic impression was “inverted appen-
diceal stump”. In this case, the cross-sectional imaging findings
and lack of appendectomy history led to further intervention.
An asymptomatic appendiceal mucocele from mucinous ade-
noma was confirmed at subsequent surgery

(Carr and Sobin 1996). Treatment usually consists of
surgical debulking with appendectomy, omentectomy,
and, in women, bilateral oophorectomy. Intraperito-
neal chemotherapy may be of benefit to some patients
(Hinson and Ambrose 1998).

2.1.2 Imaging Features

The imaging diagnosis of mucinous neoplasms hinges
primarily on detection of the resulting mucocele.
Abdominal radiography may suggest a soft-tissue
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Fig. 9 MR appearance of a benign mucocele. T2-weighted
MR image through the pelvis shows a high signal intensity
blind-ending lesion consistent with an appendiceal mucocele,
which was confirmed to be a benign mucinous adenoma

Fig. 10 Mucinous cystadenocarcinoma. Contrast-enhanced
axial CT image shows a complex mixed attenuation lesion in
the right lower quadrant with both solid and cystic components
and areas of irregular wall thickening, which was confirmed to
be a mucinous adenocarcinoma

Fig. 11 Mucinous adenocarcinoma presenting as acute appen-
dicitis. Contrast-enhanced axial CT images show a thick-walled
dilated appendix with periappendiceal infiltration. These

mass in the right lower quadrant, but sensitivity and
specificity are increased when calcification is identi-
fied. Curvilinear mural calcification is highly sug-
gestive of the diagnosis but is identifiable at
radiography in only a minority of cases (Dachman
et al. 1985; Madwed et al. 1992). At luminal contrast
examination, mucoceles cause a smooth impression
on the medial aspect of the cecum, a finding that
suggests an extramucosal or extrinsic process (Fig. 2).
However, the typical location of the filling defect will
usually favor an appendiceal process. Analogous

findings could be seen with severe non-neoplastic appendicitis
but this lesion was confirmed to be a mucinous adenocarcinoma

findings are seen at endoscopy but, as with contrast
enema examination, the overall size and morphologic
features cannot be assessed (Fig. 2). Cross-sectional
imaging (CT, ultrasonography [US], or magnetic
resonance [MR] imaging) is useful for evaluating the
full extent of the lesion in this setting (Figs. 2 and 3).
Furthermore, some mucoceles will spare the base of
the appendix (Fig. 4) and therefore not be visible at
all at strictly luminal examinations.

At US, an ovoid cystic mass with or without acoustic
shadowing from dystrophic mural calcifications is
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Fig. 12 Mucinous adenocarcinoma with superinfection pre-
senting as appendicitis. Transabdominal US image at the right
lower quadrant shows a complex cystic mass with scattered
internal echogenic foci with shadowing due to intraluminal gas
bubbles from superinfection of a mucinous adenocarcinoma

characteristic of mucoceles from mucinous neoplasms
(Fig. 5) (Kim et al. 1998). The intraluminal echo-
texture can have a variable appearance, but an anec-
hoic appearance or low-level internal echoes are most
typical. A pear-shaped or chicken drumstick appear-
ance may be appreciated in some cases due to lesser
dilatation of a portion of the appendix (Fig. 5).
Identification of a separate right ovary in women is
crucial for excluding processes such as cystic ovarian
neoplasm or tubo-ovarian abscess. The differential
diagnosis might also include periappendiceal
abscess, enteric duplication cyst, mesenteric cyst, and
hydrosalpinx.

CT is ideal for evaluating mucoceles of the
appendix and has certain advantages over other
imaging modalities. The anatomic relationship
between the elongated cystic mass and the cecum is
usually more apparent on CT than at US, and CT is
more sensitive than conventional radiography in
detecting smaller tumors (Fig. 6) and mural calcifi-
cation (Fig. 7). With the increasing utilization of
cross-sectional imaging, incidental detection of
asymptomatic mucoceles is on the rise (Figs. 6-8).
Inadequate opacification of the ileocecal region with
positive enteric contrast material has been cited in the

Fig. 13 Mucinous adenoma with superinfection presenting as
appendicitis. Contrast-enhanced CT image shows a complex
soft-tissue lesion in the right lower quadrant with atypical
features including marked irregular wall thickening and
stranding in the surrounding fat suggestive of malignancy.
At pathology this lesion was found to be a benign mucinous
adenoma with superinfection

past as a cause of false-positive and false-negative
findings at CT (Madwed et al. 1992). MR imaging
recapitulates the CT finding of a cystic mass (Fig. 9),
but calcification will be less apparent (Koga 1995).
Atypical cross-sectional imaging features may reflect
a secondary complication, malignancy, or an unusual
pathologic variation. Soft-tissue thickening and
irregularity of the mucocele wall and surrounding fat
are nonspecific findings that suggest malignancy
(mucinous adenocarcinoma), secondary inflamma-
tion, or both (Figs. 10, 11, 12, 13) (Lim et al. 1999).
Intraluminal gas bubbles or an air—fluid level within a
mucocele are generally diagnostic for superinfection,
which can complicate both benign and malignant
mucoceles (Figs. 12 and 13).

Myxoglobulosis is a rare mucocele variant consist-
ing of multiple intraluminal pearly spherules that may
be apparent at radiography or CT if they are calcified
(Gonzalez et al. 1988). Intussusception into the colon is
an uncommon but well-recognized manifestation of
appendiceal mucoceles. Imaging findings suggestive of
intussusception may be apparent on abdominal radi-
ography (Fig. 14). Intussusception and the lead mass
can be identified at contrast enema (Fig. 15) or US
(Fig. 16) examination, but intussusception related to
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Fig. 14 Intussusception of an appendiceal mucocele at
abdominal radiography. Abdominal radiograph shows abrupt
cut-off of the transverse colon air column (arrow), a finding that
suggests intussusception. Intussusception of an appendiceal
mucocele was confirmed at CT (not shown) and surgery

the cystic lead mass is most readily identifiable at CT
(Fig. 16). Mucocele torsion is a rare complication but
one that can also be recognized on CT (Fig. 17).
Genitourinary symptoms such as right ureteral
obstruction or bladder compromise may result in an
atypical genitourinary manifestation.

Finally, a substantial subset of patients with mucin-
ous cystadenocarcinoma will present with slowly
increasing abdominal girth from pseudomyxoma perit-
onei caused by prior mucocele rupture or transmural
extension. Typical imaging features, especially with
more long-standing disease, include widespread heter-
ogeneous peritoneal locules that displace and distort the
hollow viscera and produce a scalloping effect on the
solid organs (Fig. 18) (Walensky et al. 1996). Linear or
punctuate septal calcifications may be apparent at CT
(Figs. 18 and 19). In most cases of pseudomyxoma, the
primary appendiceal tumor will either not be clearly
identifiable on imaging or will already be surgically
absent, but occasionally the primary tumor or at least a

Fig. 15 Intussusception of an appendiceal mucocele at con-
trast enema. Single image from a contrast enema examination
shows a well-defined filling defect in the ascending colon,
including a rounded lead mass. Intussusception of an appen-
diceal mucocele was confirmed at CT (not shown) and surgery

remnant of it will still be apparent (Figs. 19, 20, 21).
Rarely, the extraluminal mucinous collection will
extend into retroperitoneal fascial planes instead of the
peritoneal spaces, giving rise to “pseudomyxoma
retroperitonei” (Fig. 21).

2.2 Colonic-Type (Non-Mucinous)

Epithelial Neoplasms

The typical non-mucinous adenomas and adenocar-
cinomas that are characteristic of colorectal neopla-
sia rarely occur in the appendix. In one large
pathology series, the relative frequency of colonic-
type appendiceal neoplasms was 2 and 7% among
adenomas and adenocarcinomas, respectively; the
remaining tumors were mucinous (Carr et al. 1995).
For malignant lesions, other studies have reported up
to a 2:1 ratio of mucinous to colonic-type adeno-
carcinomas (Rutledge and Alexander 1992). The
recent SEER data suggest an even higher frequency
of colonic-type adenocarcinoma, although mucinous
adenocarcinomas were still more common among
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Fig. 16 Intussusception of an appendiceal mucocele at US and
CT. Transabdominal longitudinal US image (a) shows a cystic
lesion with a “chicken drumstick” appearance. The right
kidney is seen in the inferior aspect of the image. Contrast-

the 2,514 cases of appendiceal malignancies reported
(McGory et al. 2005).

Colonic-type (non-mucinous) adenocarcinomas of
the appendix are defined as malignant tumors in
which less than 50% of the lesion is composed of
mucin (Carr et al. 1995). These lesions are rare within
the appendix and appear as cuboidal or columnar
neoplastic cells that form infiltrating glands resem-
bling the typical adenocarcinomas of the colon and
rectum (Carr et al. 1995). These non-mucinous
tumors are typically more focal in nature than
mucinous neoplasms and tend not to form mucoceles.

2.2.1 (Clinical Presentation

Unlike mucinous neoplasms, most colonic-type epi-
thelial neoplasms manifest clinically as acute appen-
dicitis related to luminal obstruction (Pickhardt et al.

enhanced curved reformatted coronal (b) and sagittal (¢) CT
images confirm an appendiceal mucocele which has intussus-
cepted into the ascending colon. Photographs from laparoscopy
show the intussusception (d) and offending mucocele (e)

2002a; Rutledge and Alexander 1992). The mean age
of diagnosis for these tumors is 63 years (McGory
et al. 2005). Because the incidence of acute inflam-
matory appendicitis decreases with age, suspicion for
an appendiceal colonic-type adenocarcinoma should
increase in those presenting with symptoms of acute
appendicitis who are over age 60. In a study of
patients presenting with acute appendicitis (Todd
et al. 2004), 34 of 131 cases were age >60. Of these
34 patients, 8 (24%) were found to have an appen-
diceal tumor, all but one of which was colonic-type
adenocarcinoma or classified as a mixed “adenocar-
cinoid” variant. Of the 97 patients <60 years, only a
single appendiceal tumor was diagnosed. Although
the presence of right lower quadrant pain and fever
did not differ between those with tumor and those
without, abnormally long duration of symptoms
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Fig. 17 Symptomatic torsion of an appendiceal mucocele.
Curved reformatted sagittal image from contrast-enhanced CT
shows a large appendiceal mucocele which has torsed or
twisted. Note the narrowing and twisting at the base of the
appendix (arrow) and stranding within the surrounding fat

(>2 days) and abnormally low hematocrit (<38%)
were present in the majority of cancers in the study.
In our experience, a neoplastic cause of appendicitis
is quite rare, even among the elderly.

2.2.2 Imaging Features

Relatively little information exists on the imaging
appearance of colonic-type neoplasms of the appen-
dix. In our experience, the majority of cases detected
at imaging will be malignant (adenocarcinoma),
usually in the setting of suspected appendicitis in an
older individual as discussed above (Pickhardt et al.
2002a; Todd et al. 2004). At CT, a focal or diffuse
soft-tissue mass that involves the appendix without
dominant mucocele formation is most characteristic
(Figs. 22 and 23), a finding that underscores the dis-
similarity between mucinous and non-mucinous neo-
plasms. A subtle infiltrative appendiceal mass with
surrounding periappendiceal infiltration may be mis-
taken for nontumoral appendicitis (Fig. 22). Direct
invasion of adjacent organs may manifest as clinical

Fig. 18 Pseudomyxoma peritonei from mucinous adenocarci-
noma of the appendix. Contrast-enhanced axial CT images
(a) and (b) show extensive multiloculated low-attenuation
material throughout the peritoneum with multiple septations
and scattered septal calcifications. There is scalloping of
adjacent solid organs and mass effect without evidence of
bowel obstruction. Patient had a 20 year history of pseudo-
myxoma peritonei from mucinous appendiceal neoplasm

symptoms in some cases (Fig. 24). We have also
detected asymptomatic non-mucinous adenocarcino-
mas in patients undergoing CT colonography
screening (Fig. 25).

23 Signet Ring

A third histologic type of epithelial appendiceal
cancer is the signet ring cell adenocarcinoma. This
tumor type is far less common than either the
mucinous or the typical non-mucinous colonic-type,
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Fig. 19 Pseudomyxoma peritonei from mucinous adenocarci-
noma of the appendix. Contrast-enhanced axial CT images
(a) and (b) show peritoneal “fluid” in the abdomen and pelvis
with scattered septal calcifications at the inferior peritoneal
reflections. This was detected incidentally and proved to be
mucinous/myxoid material due to pseudomyxoma peritonei
from a ruptured mucinous adenocarcinoma of the appendix,
which is subtly noted in the right lower quadrant (arrowheads)

accounting for only 4% of cases of malignant
appendiceal neoplasms in the SEER database, and is
associated with a poor prognosis (McCusker et al.
2002; McGory et al. 2005). The 5 year survival rate is
the lowest of the malignant appendiceal neoplasms at
18% (5 year survival rates with mucinous and colo-
nic-type being 46 and 42%, respectively) and it is
more likely than not to show distant metastatic

Fig. 20 Pseudomyxoma peritonei from mucinous adenocarci-
noma of the appendix. CT image shows complex material
filling the peritoneal cavity. The primary appendiceal mucocele
(mucinous adenocarcinoma) remains apparent in the right lower
quadrant, with punctuate luminal calcifications that may
represent limited myxoglobulosis

Fig. 21 Psuedomyxoma retroperitonei from mucinous adeno-
carcinoma of the appendix. Contrast-enhanced axial CT image
shows multicystic extension along the right retroperitoneal
fascial planes with septal calcifications from pseudomyxoma
retroperitonei due to primary mucinous adenocarcinoma. The
primary tumor remains apparent on this image

disease at presentation (60%) (McGory et al. 2005).
Clinical presentation has been reported to include
gradually increasing abdominal distention, abdominal
pain and emesis, and colonic obstruction secondary to
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Fig. 22 Colonic-type adenocarcinoma of the appendix pre-
senting as acute appendicitis. Contrast-enhanced CT images
(a) and (b) show the typical changes of acute appendicitis
including a dilated, thick-walled appendix and stranding within
the surrounding fat. Note however the increased soft-tissue at
the distal appendix. Colonic-type adenocarcinoma with periap-
pendiceal infiltration was confirmed at pathology

lower abdominal mass (Ko et al. 2008; Mastoraki et al.
2010; Suzuki et al. 2009). Specific imaging character-
istics have not been well established due to its rare
nature. In our experience, this tumor demonstrates an
infiltrative growth pattern at imaging (Fig. 26).

3 Carcinoid Tumor

3.1 Classic Carcinoid

Classic carcinoid tumors of the appendix derive from
subepithelial neuroendocrine cells and may represent
up to 80% of all appendiceal neoplasms (Deans and
Spence 1995; Sandor and Modlin 1998). It remains
unclear why the appendix is the most common site for

Fig. 23 Colonic-type adenocarcinoma of the appendix pre-
senting as acute appendicitis. Transabdominal US image at the
right lower quadrant (a) shows a dilated appendiceal base with
focal eccentric soft-tissue mass. Contrast-enhanced CT image
(b) confirms a focal eccentric soft-tissue mass at the base of the
appendix causing obstructive appendicitis, which was con-
firmed to be colonic-type adenocarcinoma

gastrointestinal carcinoid tumors and why these
tumors demonstrate a uniquely indolent clinical
course in this location (5 year-survival rate >90%)
compared with carcinoid tumors elsewhere along the
gastrointestinal tract. Although all carcinoid tumors
are considered potentially malignant, metastatic dis-
ease and carcinoid syndrome with an appendiceal
primary site are exceedingly rare. Studies have shown
that tumor size correlates well with prognosis and that
simple appendectomy is sufficient for most carcinoid
tumors less than 1.5-2.0 cm in size (Moertel et al.
1987). Current treatment recommendations state that
for carcinoid tumors between 1 and 2 cm, appen-
dectomy may be performed if the tumor is at the tip or
mid-appendix, whereas right hemicolectomy should
be performed for tumors at the base, if there is mes-
oappendiceal invasion, or in the presence of meta-
static disease (McGory et al. 2005). Tumors greater
than 2 cm should be considered malignant until
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Fig. 24 Direct bladder invasion by colonic-type adenocarci-
noma of the appendix. Contrast-enhanced CT image shows an
irregular eccentric soft-tissue mass involving the bladder base
related to direct invasion from a colonic-type adenocarcinoma
of the appendix

proven otherwise and generally require right hemi-
colectomy (Deans and Spence 1995; McGory et al.
2005; Moertel et al. 1987).

The histologic features of classic carcinoid tumors
are small cells with uniform round nuclei that contain
stippled chromatin but are without prominent nucle-
oli. There is usually no significant mitotic activity,
cytologic atypia, or nuclear pleomorphism (Buck and
Sobin 1990).

3.1.1 Clinical Presentation

Unlike with most other primary appendiceal neo-
plasms, the discovery of an appendiceal carcinoid
tumor at surgery is most often serendipitous. Even in
the setting of acute appendicitis, a coexisting carci-
noid tumor is the obstructing cause in only 25% of
cases, reflecting the fact that over 70% are found in
the distal third of the appendix (away from the base)
and are less than 1 cm in size (Deans and Spence
1995; Moertel et al. 1987).

3.1.2 Imaging Findings

The relative paucity of imaging findings in the
majority of appendiceal carcinoid tumors reflects the
typical small size, confinement to the distal appendix,

and low complication rate of these tumors (Fig. 27).
A symptomatic obstructing carcinoid tumor near the
base of the appendix will usually manifest both clin-
ically and at imaging as appendicitis (Fig. 28); the
tumor itself may not always be appreciated, even
retrospectively (Hermans et al. 1993). Mucocele for-
mation may also occur but is a very rare finding (Buck
and Sobin 1990). The tumor itself may be discernible
on imaging studies when it is of sufficient size or
demonstrates calcification, which may mimic a non-
tumoral appendicolith (Fig. 28).

Appendiceal carcinoid tumors sometimes demon-
strate a diffuse infiltrative pattern that manifests as
diffuse mural thickening at cross-sectional imaging
(Fig. 29). Although rare, metastatic disease has CT
features similar to those of small bowel carcinoid
tumors, with mesenteric extension toward the root of
the mesentery characteristic (Fig. 29).

3.2 Tubular Carcinoid

Tubular carcinoid tumor is a rare variant of the classic
carcinoid tumor. However, the distinction between
the two is purely histologic, as their clinical behavior
is quite similar (Carr and Sobin 1996). At histologic
analysis, tubular carcinoids are characterized by
small, uniform groups of cells that form tubular
structures within an abundant stroma (Carr and Sobin
1996). These lesions can generally be treated as
classic carcinoid tumors.

3.2.1 Clinical Presentation

Tubular carcinoid tumors are usually seen in younger
patients and tend to be small and localized to the
appendiceal tip. They rarely metastasize and have a
favorable prognosis.

3.2.2 Imaging Findings

The imaging findings in tubular carcinoid are not well
documented. However, due to the aforementioned
features, these tumors should generally resemble
small classic carcinoid tumors.

3.3  Goblet Cell Carcinoid

Goblet cell carcinoid tumors are unusual tumors that
are nearly exclusive to the appendix and likely
represent an entity that is intermediate between
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Fig. 25 Asymptomatic colonic-type adenocarcinoma of the
appendix detected at CT colonography screening. CT images
from screening CT colonography show (a) ileocecal lymphad-
enopathy (arrowhead), (b) a patent contrast-filled proximal

appendiceal lumen with dilated and obstructed tip, and (c¢) an
expansile polypoid soft-tissue lesion in the mid-appendix
(arrow). This lesion was asymptomatic and confirmed to be a
colonic-type adenocarcinoma

Fig. 26 Signet ring adenocarcinoma of the appendix present-
ing with acute appendicitis. Contrast-enhanced axial CT image
(a) shows diffusely thickened appendix (arrow) with periap-
pendiceal soft-tissue infiltration. At laparoscopic appendectomy
and subsequent right hemicolectomy, a primary appendiceal

adenocarcinoma and classic carcinoid tumor (Carr
and Sobin 1996). The terms adenocarcinoid and
goblet cell carcinoid have been used interchangeably
in the past. However, the former term has been
omitted from the World Health Organization (WHO)

signet ring adenocarcinoma with mesenteric tumor infiltration
was identified. Image from screening CT colonography (b) of
same patient performed 5 yrs earlier shows only subtle
thickening at the tip of the contrast-filled appendix (arrow)

classification scheme because it also applies to tubular
carcinoid tumors, which are clinically and patholog-
ically distinct. Goblet cell carcinoid tumors are best
considered a low-grade malignancy, such that most
patients will undergo right hemicolectomy. At gross
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Fig. 27 Incidental sub-cm carcinoid tumor at the appendiceal
tip. Sagittal CT image shows bulbous enlargement at the tip of
the appendix (arrow), which was asymptomatic and proved to
be a small carcinoid tumor at surgical resection

pathologic examination, goblet cell carcinoid tumors
are infiltrative and typically involve the entire
appendix circumferentially. If no discrete tumor
nodules or mass is evident, the diagnosis can often
be made only at microscopic examination. Not
infrequently, frank mucinous adenocarcinoma will
develop within a goblet cell carcinoid tumor (Carr
et al. 1995). Metastatic spread is most often due to
direct peritoneal extension (Carr and Sobin 1996).
Histologically, goblet cells are characterized by the
accumulation of mucinous secretory granules, which
appear as abundant clear mucin-filled cytoplasm
(Carr and Sobin 1996). Small groups of these cells
in the form of clusters or strands diffusely infiltrate
the appendiceal wall, often circumferentially.
Smaller number of endocrine cells are present
among these clusters of goblet cells and are best
demonstrated with immunoexpression of neuroen-
docrine markers.

3.3.1 Clinical Presentation

In one series of 57 patients with goblet cell carcinoid,
70% presented with right lower quadrant pain mim-
icking acute appendicitis (Pham et al. 2006). Twenty-
five percent had a right lower quadrant or pelvic mass
(Pham et al. 2006). The average age at presentation is
52 years (McCusker et al. 2002; McGory et al. 2005),
closer to that of adenocarcinoma than typical carci-
noid tumors.

3.3.2 Imaging Findings

Cross-sectional imaging findings will typically reflect
the infiltrative nature of the tumor, with diffuse mural
thickening. The propensity of advanced tumors to
metastasize to the ovaries and peritoneum has also been
demonstrated at cross-sectional imaging (Fig. 30).

4 Lymphoma

Although the gastrointestinal tract is the most com-
mon site for extranodal non-Hodgkin’s lymphoma,
appendiceal lymphoma is rare (Muller et al. 1997;
Tsujimura et al. 2000). Typically, non-Hodgkin’s
lymphoma of the appendix manifests as diffuse
circumferential mural infiltration by monotonous-
appearing lymphocytes. In our experience, mantle cell
lymphoma and diffuse large B-cell lymphoma are the
most common forms (Pickhardt et al. 2002b).

4.1 Clinical Presentation

Although rare, when lymphoma does involve the
appendix, it tends to cause symptoms (Pickhardt et al.
2002b). The most common clinical manifestation is
acute appendicitis, which may be the first and only
indicator of disease. The appendix can become mas-
sively enlarged but typically maintains its vermiform
appearance (Pickhardt et al. 2002b). To our knowl-
edge, all reported cases of appendiceal lymphoma
have proved to be non-Hodgkin’s lymphoma.

4.2 Imaging Findings

The existing literature on the imaging appearance of
appendiceal lymphoma is mainly limited to case
reports (Carpenter 1991; Krepel et al. 1996). In our
experience, however, all cases have demonstrated
prominent enlargement of the appendix with relative
maintenance of its vermiform appearance (Fig. 31)
(Pickhardt et al. 2002b). If its blind-ending nature is not
appreciated, the abnormal appendix could be mistaken
for an abnormal small bowel loop or an extraintestinal
process such as lymphadenopathy (Figs. 31 and 32).
Diffuse mural thickening is typically hypoechoic at US
and has fluid or soft-tissue attenuation at CT (Figs. 31
and 32). The hypoechoic appearance at US may mimic
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Fig. 28 Carcinoid tumor at appendiceal base presenting with  secondary to obstructive appendicolith but found to be a
obstructive appendicitis. US image (a) shows a shadowing carcinoid tumor at the base of the appendix with intra-tumoral
focus of calcification at the appendiceal base with associated  calcifications. Photograph of the gross specimen (b) shows the
wall thickening, which was presumed to represent appendicitis ~ obstructing tumor at left

Fig. 29 Metastatic appendiceal carcinoid tumor. Contrast- calcification located near the root of the mesentery from
enhanced CT images show (a) diffuse appendiceal wall primary appendiceal carcinoid tumor with mesenteric spread.
thickening and (b) infiltrative soft-tissue and focus of eccentric ~ (Pickhardt et al. 2002a)



Imaging of Primary Appendiceal Neoplasms

215

Fig. 30 Metastatic goblet cell carcinoid tumor of the appen-
dix. Contrast-enhanced CT image shows (a) a large, heteroge-
neously enhancing pelvic mass that encases the ovaries, making
determination of appendiceal origin difficult. A more cephalad

image (b) demonstrates intraperitoneal spread. Photograph of
gross specimen (c¢) confirmed to be metastatic goblet cell
carcinoid of the appendix. (Pickhardt et al. 2002a)

Fig. 31 Non-Hodgkin’s lymphoma of the appendix. Contrast-enhanced transverse (a) and coronal (b) CT images show massive
vermiform soft-tissue enlargement of the appendix (arrowheads). Mesenteric lymphadenopathy is also noted in this case

the cystic dilatation seen in mucoceles of the appendix.
Circumferential mural soft-tissue thickening with
preservation or even aneurysmal dilatation of the
appendiceal lumen may be an important associated
finding that is analogous to small bowel lymphoma
(Fig. 33) (Pickhardt et al. 2002b). Coexisting lym-
phadenopathy is sometimes seen in the setting of
appendiceal lymphoma (Fig. 31).

5 Other Neoplasms

Neuroendocrine tumors of the appendix beyond
the carcinoid variants described above are rare
but include ganglioneuromas and paragangliomas

(van Eeden et al. 2000). Diffuse ganglioneuromatosis
has been associated with neurofibromatosis type 1
(Lockhart et al. 2000). Mesenchymal tumors of the
appendix are rare and are typically benign. Smooth
muscle tumors involving the appendix have been
reported, with leiomyomas affecting the appendix
more often than leiomyosarcomas; the opposite is true
for the remainder of the colon (Hatch et al. 2000).
Neurofibromas and schwannomas also may rarely
arise in the appendix (Collins 1955; Miettinen and
Sobin 2001). Recently, however, it has been sug-
gested that gastrointestinal stromal tumors may rep-
resent the most common mesenchymal tumor of the
appendix (Miettinen and Sobin 2001). It is likely that
many of the appendiceal smooth muscle tumors
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Fig. 32 Non-Hodgkin’s lymphoma of the appendix presenting
with appendicitis. Contrast-enhanced CT image shows a large
tubular low-attenuation structure in the right lower quadrant
(arrowheads) from circumferential mural lymphomatous

Fig. 33 Mantle cell lymphoma presenting as acute appendi-
citis. Contrast-enhanced CT image shows circumferential soft-
tissue thickening of the appendix with preservation of luminal
patency as demonstrated by the oral contrast opacification.
There is only minimal periappendiceal infiltration. Diffuse
Mantle cell lymphomatous infiltration was confirmed at
pathology

reported in older literature would now be reclassified
as gastrointestinal stromal tumors at modern immu-
nohistochemical analysis. Kaposi sarcoma of the

infiltration. Gross pathology (b) shows enlarged appendix with
diffuse mural infiltration, which was confirmed to be primary
appendiceal non-Hodgkin’s lymphoma

Fig. 34 Chronic appendicitis mimicking an appendiceal neo-
plasm. Contrast-enhanced CT image acquired preoperatively
for suspected appendiceal neoplasm that was initially detected
at screening CT colonography (not shown) shows an irregular
infiltrating soft-tissue mass involving or replacing the appendix.
At pathology these changes were all chronic inflammatory and
fibrotic rather than neoplastic

appendix has been reported in patients with acquired
immunodeficiency syndrome (AIDS) (Zebrowska and
Walsh 1991). Compared with that of AIDS-related
lymphoma, the growth pattern of Kaposi sarcoma is
more focal and nodular, but distinguishing between
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Fig. 35 Inverted appendiceal stump. A polypoid cecal lesion
initially seen at screening CT colonography (not shown) and
favored to be an inverted appendiceal stump was further
evaluated with optical colonoscopy, where it was felt to be a
true mucosal lesion and snared. Benign inverted appendiceal
stump was confirmed at pathology

these two entities at imaging may be difficult.
Although extrapulmonary small cell carcinoma is rare
(comprising approximately 2.5% of all small cell
carcinomas), primary appendiceal small cell carci-
noma has been reported, manifesting as massive
appendiceal enlargement with metastatic disease
(O’Kane et al. 2008). Benign mesothelioma arising
from the appendix has also been reported as an inci-
dental finding at surgery (Bansal and Zakhour 2006).

6 Pitfalls in Imaging Suspected
Appendiceal Neoplasms

The primary pitfall when there is suspicion of primary
appendiceal neoplasm on radiologic or endoscopic
imaging is the non-neoplastic mimic. These mimics
primarily include complicated appendicitis and
fibrous obliteration of the appendix (Fig. 34). An
inverted appendiceal stump may mimic a cecal polyp
or appendiceal tumor at endoluminal evaluation
(Figs. 35 and 36), but the specific location, surgical
history, and lack of extracecal appendiceal mass at 2D
CT generally allow for exclusion of an appendiceal
neoplasm. Patient age, clinical presentation, and

Fig. 36 Inverted appendiceal stump. 2D coronal (a) and 3D
endoluminal (b) images from CT colonography screening show a
polypoid cecal lesion at the expected location of the appendiceal
orifice, which represents an inverted appendiceal stump

surgical history should influence the radiologist’s
level of suspicion. Appendiceal actinomycosis, a
chronic infectious disease more commonly reported
to mimic acute appendicitis, has also been found to
mimic appendiceal tumor (Lee et al. 2010). Involve-
ment of the appendix by endometriosis may also
mimic appendicitis and underlying tumor.
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7 Conclusions

Although they are uncommon, primary neoplasms of
the appendix often produce clinical symptoms that
may lead to imaging evaluation. Asymptomatic
tumors may also be detected incidentally at imaging
performed for other indications. Recognition of these
neoplasms is important for appropriate patient treat-
ment. CT appears to be the modality of choice
whenever an appendiceal mass is suggested at phys-
ical examination, endoscopy, or US. CT will not only
help rule out or confirm appendiceal tumor, but it may
also suggest a more specific diagnosis and help
effectively direct therapy.
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Abstract

A negative appendectomy is defined as the
removal of a normal appendix during an urgent
appendectomy performed because of suspected
acute appendicitis. In this chapter, we will trace the
historical acceptability of a negative appendec-
tomy rate, negative appendectomy rates in the pre-
CT era, and negative appendectomy rates in the CT
era. Gender differences in the impact of CT on
negative appendectomy rates will be reviewed.
Controversies related to the role of CT in lowering
negative appendectomy rates will be discussed.
Acceptable rates of negative appendectomy in the
CT era will be addressed. The impact of ultrasound
on negative appendectomy rates and the impact of
imaging on negative appendectomy rates in
children also will be discussed.

1 Historical Acceptability
of a Negative Appendectomy Rate

Making the diagnosis of acute appendicitis is not
always clear clinically as the classic clinical history of
umbilical pain that migrates to the right lower quadrant
may only be present in half of patients (Kazarian et al.
1970). The specificities of right lower quadrant pain
(53%), pain migration (82%), pain before vomiting
(64%), anorexia (36%), and vomiting (45%) for the
diagnosis of acute appendicitis are well short of 100%
(Wagner et al. 1996). If the diagnosis of acute appen-
dicitis is missed and the appendix perforates, morbid-
ity and mortality rates increase (Kazarian et al. 1970;
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Table 1 Negative appendectomy rates in the pre-CT era, 1937-1973

Publication Study n
year years
Barnes et al. (1962) 1962 1937—- 5800
1959
Hobson and Rosenman 1964 1957- 820
(1964) 1962
Kazarian et al. (1970) 1970 1961- 539
1965
Chang et al. (1973) 1973 1969— 183
1972
Lewis et al. (1975) 1975 1963- 1000
1973

Egdahl 1964; Hobson and Rosenman 1964; Barnes
et al. 1962; Lewis et al. 1975).

Historically the removal of a normal appendix in a
patient preoperatively suspected to have acute
appendicitis (a “negative appendectomy”) was con-
sidered acceptable so long as the operating surgeon’s
overall rate of negative appendectomies was within
reasonable limits. As stated by Cantrell and Stafford
of The Johns Hopkins Hospital (Baltimore, MD,
USA) in 1955, “An exact diagnosis [of acute appen-
dicitis] will frequently be impossible; yet if we are to
eliminate perforation, we must accept the removal of
a certain number of normal appendices.” (Cantrell
and Stafford 1955) The authors proposed 20-25% as
an acceptable rate of negative appendectomy
(Cantrell and Stafford 1955).

2 Historical Studies Reporting Pre-CT

Rates of Negative Appendectomy

A 15-25% rate of negative appendectomy was cited as
acceptable in the medical literature in the mid and latter
half of the twentieth century before the widespread use
of computed tomography (Detmer et al. 1981; Korner
et al. 1997) (Table 1). Negative appendectomy rates
for several large series of patients treated between 1937
and 1973 are reported in Table 1.

Higher rates of negative appendectomy of up to
40% were considered acceptable in women of repro-
ductive age due to gynecologic conditions which can
confound the diagnosis (Borgstein et al. 1997)
(Table 1). For example, Lewis et al. (1975) reported
that 48% of women who underwent negative appen-
dectomy were ultimately diagnosed with pelvic

Overall neg appy Male neg appy Female neg appy

rate (%) rate (%) rate (%)
18 na na
21 na na
17 10 26
33 21 46
20 12 34

inflammatory disease or other gynecologic pathology
as the etiology of abdominal pain (Lewis et al. 1975).
Alternatively, in men in the same series who underwent
a negative appendectomy, mesenteric adenitis was the
most common alternate etiology of abdominal pain
(Lewis et al. 1975).

Similarly, Barnes et al. (1962) reported mesenteric
adenitis, ovarian cyst pathology, and pelvic inflam-
matory disease as the most common alternative
diagnoses in patients who underwent negative
appendectomy. Kazarian et al. (1970) also reported
pelvic inflammatory disease, ruptured ovarian cyst,
and mesenteric adenitis as the most common etiolo-
gies of abdominal pain in patients who underwent
negative appendectomies.

Other alternative diagnoses in patients who
underwent negative appendectomies included gastro-
enteritis, diverticulitis, Meckel’s diverticulitis, peptic
ulcer disease, and renal and ureteral pathology
(Kazarian et al. 1970; Barnes et al. 1962; Lewis et al.
1975). It should be noted that these alternative diag-
noses, in addition to acute appendicitis, are often
readily diagnosed at CT.

3 Introduction of CT
for the Diagnosis of Acute

Appendicitis

In the early to mid-1980s, several articles were pub-
lished describing the utility of CT in diagnosing
appendiceal disorders (Fish et al. 1981; Jones et al.
1983; Gale et al. 1985; Balthazar et al. 1986). In 1991,
Balthazar et al. (1986) reported a 98% sensitivity, 83%
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Table 2 Sensitivity, specificity, and accuracy of CT for the diagnosis of acute appendicitis, early reports

Publication n Number of
year detectors
Balthazar et al. 1991 100  single
(1986)
Malone et al. 1993 211  single
(1993)
Lane et al. (1999) 1999 300 single

Contrast Sensitivity Specificity Accuracy
material (%) (%) (%)

oral, IV 98 83 93

none 87 97 93

none 96 99 97

Table 3 Studies comparing overall negative appendectomy rates in patients who did and did not undergo preoperative CT

Year n
Weyant et al. (2000) 1995-1999 625
Brandt and Wahl (2003) 1999-2002 330
Chooi et al. (2007) 2000-2004 380
Augustin et al. (2009) 2000-2005 445
Rhea et al. (2005) 2001 753
Musunuru et al. (2007) 2002-2004 411
Morse et al. (2007) 2003-2006 439
Kim et al. (2008) 2009 339

specificity, and 93% accuracy for the CT diagnosis of
acute appendicitis. This study was performed with a
single slice CT scanner and intravenous and oral con-
trast material (Balthazar et al. 1986).

Multiple publications were to follow over the next
nearly 20 years which reported similarly high sensi-
tivities, specificities, and accuracies for the CT diag-
nosis of acute appendicitis. A sampling of these
publications is listed in Table 2. For a more exhaustive
discussion of the accuracy of CT in the diagnosis of
acute appendicitis and best CT techniques, the reader is
referred to “Imaging of Acute Appendicitis in Adults:
Computed Tomography” by Keyzer and “Imaging
of Acute Appendicitis in Children: Computed Tomo-
graphy Including Radiation Issues” by Spencer in this
volume.

4 CT and the Negative
Appendectomy Rate

Given that the clinical diagnosis of acute appendi-
citis is not always clear and CT is a highly accurate
test for the diagnosis of acute appendicitis, it is not

Neg. appy rate Neg. appy rate P

with CT (%) without CT (%)

12 19 <.05

7 18 .009
11 22 .006

8 18 .003

3 6 0.326
8 14 0.09

9 24 <0.001
7 21 <0.05

surprising that increased use of preoperative CT has
been associated with lower rates of negative
appendectomy. A number of publications have
documented a convincing reduction in negative
appendectomy rates in the CT era. The majority of
these publications (1) compare negative appendec-
tomy rates in patients who underwent preoperative
CT to rates in patients who did not undergo pre-
operative CT or (2) evaluate changes in negative
appendectomy rates with increased use of preoper-
ative CT. Many studies have also investigated
gender differences in negative appendectomy rates
with increased use of preoperative CT.

For a review of studies comparing negative
appendectomy rates in patients who did or did not
undergo preoperative CT, the reader is referred to
Table 3. When interpreting studies of this design, it is
important to remember that patients who did not
undergo preoperative CT when CT was readily
available would be expected to have a low rate of
negative appendectomy. Clinical suspicion of acute
appendicitis would be expected to be very high for
patients who did not undergo preoperative CT when
CT was readily available.
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Table 4 Studies reporting overall negative appendectomy rates with increased use of preoperative CT

n Initial Later Initial rate of  Later rate of  Initial rate of neg.  Later rate of neg. p
Year(s) Year(s) preop CT preop CT appendectomy appendectomy
(%) (%) (%) (%)
Flum 10382 1987 1998 na na 15 16 na
et al.
(2001)
Rajaetal. 1608 1990- 2003- 1 98 23 2 <0.0001
(2010) 1994 2007
Raoetal. 702 1992— 1997 0 59 20 7 <.001
(1999) 1995
Perez 218 1994 2000 11 48 12 18 317
et al.
(2003)
Wagner 1425 1995— 2000- 32 95 16 8 .005
et al. 1999 2007
(2008)
Raman 1081 1996 2006 20 85 24 3 .001
et al.
(2008)
Naoum 194 1998 2001 32 84 25 6 <.05
et al.
(2002)
Coursey 925 1998 2007 19 94 17 9 <0.0001
et al.
(2010)
Freiet al. 2714 1998 2004 12 84 16 8 0.072
(2008)
Jones 389 2000 2002 52 86 17 2 .001
et al.
(2004)

Nevertheless, even with this limitation all stud-
ies reported in Table 3 found a reduction in the neg-
ative appendectomy rate in patients who underwent
preoperative CT as compared to those who did not
undergo preoperative CT. For example, Kim et al.
(2008) found a negative appendectomy rate of 7% in
patients who underwent preoperative CT as compared
to a negative appendectomy rate of 21% in patients
who did not undergo preoperative CT (Table 3).
Morse et al. (2007) found a negative appendectomy
rate of 9% in patients who underwent preoperative CT
as compared to a negative appendectomy rate of 24%
in patients who did not undergo preoperative CT
(Table 3).

These differences in negative appendectomy rates
were statistically significantly different for all studies
except Rhea et al. (2005). Rhea et al. (2005) found a
negative appendectomy rate of 3% in patients who
underwent preoperative CT as compared to 6% in

patients who did not undergo preoperative CT
(Table 3). However, this difference was not statisti-
cally significantly different (p = 0.326).

Next, a number of publications have also reported
a convincing decrease in negative appendectomy rates
with increased use of preoperative CT (Table 4). The
design of these studies was to trace rates of preoper-
ative CT in patients with suspected acute appendicitis
and also trace rates of negative appendectomy for
each corresponding year. The vast majority of these
publications found a decrease in negative appendec-
tomy rates with increased use of preoperative CT
(Table 4).

As seen in Table 4, initial rates of preoperative CT
ranged from O to 52%, and later rates of preoperative
CT ranged from 48 to 98%. For the publications that
reported a decrease in negative appendectomy rates
with increased use of preoperative CT, initial negative
appendectomy rates (when preoperative CT use was
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relatively lower) ranged from 16 to 25% (Table 4). In
these same publications, later rates of negative
appendectomy (when preoperative CT use was rela-
tively higher) ranged from 2 to 9% (Table 4). For
example, Raja et al. (2010) found that from 1990 to
1994, 1% of patients who underwent urgent appen-
dectomy also underwent preoperative CT. However,
by 2003-2007 the percentage of patients with sus-
pected acute appendicitis who underwent preopera-
tive CT had increased to 98%. During 1990-1994, the
rate of negative appendectomy was 23%, and during
2003-2007 the rate of negative appendectomy was
2%. This difference in negative appendectomy rates
was statistically significantly different. Numerous simi-
lar studies with similar findings are reported in Table 4
and provide convincing evidence that the increased use
of preoperative CT has been associated with an overall
decrease in negative appendectomy rates.

However, publications by Frei et al. (2008); Perez
et al. (2003); Flum et al. (2001) found no statistically
significant change in negative appendectomy rates.
Frei et al. (2008) reported that the negative appen-
dectomy rate at their institution was 16% in 1998
when 12% of patients underwent CT prior to appen-
dectomy. In 2004 when 84% of patients underwent
CT prior to appendectomy, the negative appendec-
tomy rate was 8%. These numbers appear to indicate
a decrease in the negative appendectomy rate with
increased use of preoperative CT. However, the
authors report that when the negative appendectomy
rates were looked at on a year-by-year basis from
1998 to 2004, the negative appendectomy rates did
not differ by year (p = 0.072) although the year-to-
year differences did approach statistical significance.

Perez et al. (2003) reported that the negative
appendectomy rate went from 12% in 1994 when 11%
of patients underwent CT prior to appendectomy to
18% in 2000 when 48% of patients underwent CT prior
to appendectomy. Perez et al. also reported that at their
institution CT accuracy rates for the diagnosis of acute
appendicitis were 81-82% and CT specificities for the
diagnosis of acute appendicitis were 17-18%. All of
these values are well below other published values
(please see “Imaging of Acute Appendicitis in Adults:
Computed Tomography” by Keyzer and “Imaging
of Acute Appendicitis in Children: Computed
Tomography Including Radiation Issues” by Spencer
in this volume). The reported specificity values are so
low in Perez et al. because their study population

included only those patients who underwent non-inci-
dental appendectomy for suspected acute appendicitis.
To accurately compute CT accuracy and specificity, the
authors should have also included those patients who
underwent CT scan for suspected acute appendicitis but
were found not to have appendicitis at CT and at final
clinical analysis, a limitation which the authors
acknowledge. Perez et al. posit that one reason the
results at their institution differ from other published
results is because the radiologists at their institution
were not emergency radiology specialists.

As Flum et al. (2001) is widely cited as evidence
that increased CT utilization has not resulted in a
decrease in negative appendectomy rates, it will be
discussed in detail below in the next section.

Finally, a number of publications have compared
gender differences in changes in the negative appen-
dectomy rate with increased use of preoperative CT
(Table 5). In women, these studies largely found a
decrease in the negative appendectomy rate with
increased use of preoperative CT. For example, Rao
et al. (1999) reported a baseline negative appendec-
tomy rate of 35% in women which decreased to 11%
with increased use of preoperative CT, a difference
which was statistically significant.

That negative appendectomy rates in women
would be lowered with increased use of preoperative
CT is not surprising since before the CT era these
rates ranged from 26 to 46% (Table 1). Presumably
rates of negative appendectomy are lower in women
with increased use of preoperative CT because pre-
operative CT either diagnosed acute appendicitis,
identified an alternate etiology of abdominal pain, or
identified a normal appendix.

Published results for men are more mixed (Table 5).
For example, Chooi et al. (2007) and Raja et al. (2010)
found a statistically significant reduction in negative
appendectomy rates in men with increased use of pre-
operative CT. However, the other articles reported in
Table 5 did not find a statistically significant reduction
in the negative appendectomy rate in males.

Why these conflicting results? In several articles
which did not find a decrease in negative appendec-
tomy rates in men with increased use of preoperative
CT, the initial male negative appendectomy rate was
quite low (3—7%) (Coursey et al. 2010; Bendeck et al.
2002; Fuchs et al. 2002). Although CT is a highly
accurate test for the diagnosis of acute appendicitis, it
is not 100% perfect. Therefore, it would be difficult to
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Table 5 Studies reporting rates of negative appendectomy for women and men with increased use of preoperative CT

Women Men
n Baseline rate  Rate of neg. p n Baseline rate  Rate of neg. p
of neg. appy appy w/increased of neg. appy appy w/increased
(%) CT (%) (%) CT (%)

Rao et al. 234 35 11 <.001 280 11 5 114
(1999)
Bendeck 117 28 7 .005 168 3 5 .368
et al.
(2002)
McGory 24901 15 9-13 .001- 31970 59 5-9 47—
et al. .056 .87
(2005)
Raja et al. 515 30 2 <.0001 456 16 2 <.0001
(2010)
Coursey 399 43 7 .0001 526 7 12 na
et al.
(2010)
Chooi etal. 167 34 17 .024 213 17 6 .009
(2007)
Fuchs et al. 66 24 5 .07 55 4 7 1
(2002)

reduce an already low negative appendectomy rate of
3% in male patients with a test that is 95% accurate.
The studies that did report a significant negative
appendectomy rate reduction in male patients with
increased use of preoperative CT found higher male
baseline rates of negative appendectomy ranging from
16 to 17% (Chooi et al. 2007; Raja et al. 2010). It is
reasonable to assume that it would be possible to
improve on these baseline rates of negative appen-
dectomy with a test that is 95% accurate.

4.1 Controversies Regarding CT
and Reductions in Rates of Negative
Appendectomy

Despite the now overwhelming evidence that

increased use of computed tomography has coincided
with a decrease in negative appendectomy rates, the
literature on this topic is sometimes misquoted in the
lay press and health policy literature (Grumbach
2002; Brownlee 2008). For example, journalist
Shannon Brownlee wrote in her 2008 book “Over-
treated: why too much medicine is making us sicker
and poorer” that “Astonishingly enough, however,
the rate of negative appendectomies probably hasn’t
budged in the two decades since belly CT scans

became commonplace” Brownlee (2008) citing a
2001 Journal of the American Medical Association
Article JAMA) by Flum et al. (2001).

Similarly, writing in a 2002 Health Affairs article
entitled “The ramifications of specialty-dominated
medicine”, Dr. Kevin Grumbach, a family and com-
munity medicine physician, states “Many patients
with clinical findings suggestive of possible appen-
dicitis who formerly went straight to the operating
room now make a detour to the radiology suite for a
diagnostic sonogram or computed tomography (CT)
scan of the abdomen. However, a statewide study of
appendectomies in Washington State over the past
decade found no reduction in rates of removal of
normal appendices (Flum et al. 2001). Elliott Fisher
and Gilbert Welch have cogently discussed the gen-
eral case for ‘how might more be worse’ in health
care” (Grumbach 2002).

As both of these authors use the 2001 JAMA
publication by Flum et al. (2001) to support their
arguments that preoperative CT does not lower the
rate of negative appendectomy, this article by Flum
et al. (2001) warrants close reading.

Flum et al. analyzed data obtained from the
Washington State Comprehensive Hospital Abstract
Reporting System database covering the years 1987—
1998. Patients who underwent non-incidental
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appendectomy (n = 63,707) were identified by
searching the database for the International Classifi-
cation of Diseases, Ninth revision (ICD-9) procedure
codes for non-incidental appendectomy (for example,
code 47.0 = appendectomy excludes incidental). This
group of patients identified as having undergone non-
incidental appendectomy was then evaluated by
searching for the ICD-9 diagnostic codes for appen-
diceal pathology (for example, code 540 = acute
appendicitis). Based on these codes, Flum et al.
reported rates of negative appendectomy (i.e., number
of patients who had an ICD-9 procedure code indicat-
ing a non-incidental appendectomy but did not have an
ICD-9 diagnostic code reflecting acute appendicitis
divided by the number of patients who had an ICD-9
procedure code indicating a non-incidental appendec-
tomy) per year from 1987 to 1998. Reported rates of
negative appendectomy ranged from 15.2% in 1987 to
15.5% in 1998. Flum et al. interpreted these results as
indicating that the increased availability of CT did not
result in a decrease in the misdiagnosis of acute
appendicitis.

A major limitation of Flum et al. is that the authors
did not identify which patients in their study actually
underwent preoperative CT. The authors state that the
“availability of CT... to aid in diagnosis of appen-
dicitis has increased dramatically over the last dec-
ade”, but present no information about the number of
patients who actually underwent preoperative CT
during the years of their investigation. A number of
articles report low rates of preoperative CT in
appendectomy patients in the early to mid-1990s. As
an example, a leading academic institution reported
that they were not performing appendiceal CT
between 1992 and 1995 at their institution (Rao et al.
1999). Therefore, it is highly possible that the
underlying premise of Flum et al. is incorrect. In other
words, preoperative CT use for the diagnosis of acute
appendicitis may not have increased significantly
during the years of their study (1987-1998).

In addition, technology used for CT data acquisi-
tion and image interpretation has significantly
improved since the time period (1987-1998) studied
by Flum et al. (2001). For example, the introduction
of multi-detector CT scanners has resulted in the
generation of CT images with improved image reso-
Iution and fewer motion artifacts. The shift from
single-detector CT to multi-detector CT and the use of
decreasing section thickness has been shown to

correlate with a reduction in false-positive CT diag-
noses of acute appendicitis (Coursey et al. 2010). The
ability to generate data sets composed of isotropic
voxels has also made possible the generation of high
quality coronal reformations. In general, these iso-
tropic data sets are possible with multi-detector CT
machines that are capable of acquiring 16 or more
slices at a time. Coronal reformations have been
shown to improve confidence in visualization of the
appendix and in the diagnosis or exclusion of acute
appendicitis (Paulson et al. 2005).

Furthermore, a follow-up study by the Surgical
Care and Outcomes Assessment Program (SCOAP)
which investigated statewide hospital data in the same
state during 20062007 contradicts. This more recent
article published by SCOAP found that the prevalence
of negative appendectomy was 9.8% in patients who
had no imaging and 4.5% in patients who underwent
preoperative CT (SCOAP 2008). The authors report
that CT/US use increased from 80 to 90% during the
time period of the study, and that the prevalence of
negative appendectomy decreased significantly during
the same time period (p = 0.01) (SCOAP 2008).
Importantly, the negative appendectomy rates repor-
ted in the SCOAP publication (4.5 and 9.8%) are both
lower than the negative appendectomy rate reported
by Flum et al. (15%) for the same state nearly a
decade earlier.

As Flum et al. does not reflect the most up to date
CT technology, the underlying premise of the article
is likely flawed, and a more recent publication
looking at statewide data from the same state found
different results, Flum et al. should no longer be cited
without qualification in discussions of the impact of
CT on the negative appendectomy rate.

4.2 Does CT Use Delay Diagnosis

and Increase Perforation Rates?

Is there a tradeoff between reductions in the negative
appendectomy rate and increases in the appendiceal
perforation rate with increase in use of preoperative
CT? As images of the abdomen and pelvis can be
acquired in as few as 5-10 s on a 64-slice multide-
tector CT scanner, scan times should not result in an
increase in perforation rates. Wait times of 1 h are
adequate to allow for the transit of oral contrast
material through the small intestine (Hebert et al.
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2006). Not surprisingly then, time between CT order
and CT scan completion was found to be 172 min for
patients undergoing CT with oral contrast material
and 104 min for patients undergoing CT without oral
contrast material (p < 0.001) in one series (Huynh
et al. 2004).

Numerous articles in the surgical literature sup-
port the notion of a 3—10 h observation period for
patients who present with questionable findings of
acute appendicitis (Jones 2001; Graff et al. 1991;
Andersson et al. 2000). Given that such an obser-
vation period has been shown to not result in a
higher rate of appendiceal perforation, it is doubtful
that the 1-1.5 h increase in the time interval before a
CT scan is performed with oral contrast material
would result in a significant increase in the rate of
appendiceal perforation. Delays in presentation of
greater than 12 h are associated with increased risks
of perforation (Colson et al. 1997; Eldar et al. 1997).
See also “Appendicitis Perforation Rates and Time
Interval Between Symptom Onset and Surgery” by
Menes.

Several articles have reported that increased rates of
preoperative CT are not associated with increased
appendiceal perforation rates (Rao et al. 1999; Raman
et al. 2008). For example, Rao et al. (1999) found that
perforation rates decreased from 22 to 14% with the
availability of CT. Raman et al. (2008) report that the
rate of appendiceal perforation decreased from 18 to 5%
as the rate of preoperative CT increased from 20 to 93%.

For a more complete discussion of whether oral
contrast material is necessary for the CT diagnosis
of acute appendicitis, the reader is referred to
the “Imaging of Acute Appendicitis in Adults:
Computed Tomography” by Keyzer and “Imaging of
Acute Appendicitis in Children: Computed Tomo-
graphy Including Radiation Issues” by Spencer in
this volume.

4.3 How Low Can We Go? What is
an Acceptable Negative

Appendectomy Rate in the CT Era?

In the CT era in which we now live with more than
90% of patients undergoing CT prior to appendec-
tomy at many institutions (Raman et al. 2008; Cour-
sey et al. 2010), what is an acceptable rate of negative
appendectomy? The two primary variables that will

likely prevent an idealized negative appendectomy
rate of 0% include (1) limitations in the CT diagnosis
of acute appendicitis and (2) limitations in the
pathology diagnosis of acute appendicitis.

While the reported accuracy of CT is very high in
the diagnosis of acute appendicitis, it is not 100%
perfect. Reasons for CT misdiagnosis include overlap
in the appearance of the normal and diseased appendix
and difficulty in identifying the appendix at CT.

Overlap in the appearances of normal and acutely
inflamed appendices can be a source of diagnostic
error. In an investigation of asymptomatic patients
undergoing CT evaluation as potential renal donors,
Johnson et al. (2005) found that the mean diameter of
collapsed normal appendices was 5 mm (range
3-7 mm). Mean diameter of normal air-distended
appendices was 7 mm (range 4—10 mm). Based on
this data, if a radiologist were to rely solely on an
appendiceal diameter measurement to diagnose acute
appendicitis, the radiologist would surely issue false
positive reports if an appendiceal diameter cutoff of
6—8 mm is used. In addition, Johnson et al. identified
minimal periappendiceal stranding in 3% of asymp-
tomatic patients who did not have acute appendicitis
based on clinical findings.

In addition, the appendix cannot always be visu-
alized at CT. For example, a normal appendix can be
relatively more difficult to identify in patients with
scant intra-abdominal fat and/or a low body mass
index (Keyzer et al. 2008). Nonvisualization of the
appendix has been shown to exclude the diagnosis of
acute appendicitis in 98% of patients (Ganguli et al.
2006; Nikolaidis et al. 2004). Based on these publi-
cations, nonvisualization of the appendix does not
entirely exclude the diagnosis of acute appendicitis.

Also, beyond the accuracy of the final CT report,
other variables which could impact the negative
appendectomy rate in a patient who undergoes
preoperative CT include (1) whether the surgeon or
treating physician believes the CT report when
factoring in clinical data and (2) perhaps the role of
preliminary reports issued by radiology residents in
academic training programs. A minority of pub-
lished studies report what the negative appendec-
tomy rate would have been if the CT report were
acted on as if it were accurate. In other words,
presumably there are occasions when a surgeon
feels so strongly that a patient has acute appendi-
citis based on clinical grounds that he or she will
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remove the patient’s appendix even in the setting of
a normal CT report.

In terms of the effect of resident preliminary
reports, it has been the custom at many training
institutions in the United States (although this is an
area where workflow is in flux at some institutions)
for radiology trainees to issue preliminary reports that
are often acted upon before the staff radiologist issues
the final radiology report. The role of such pre-
liminary reports and their impact on negative appen-
dectomy rates is largely not addressed in the
published literature which analyzes results based on
the final radiology report.

In addition to limitations in the CT diagnosis of
acute appendicitis, pathologists do not agree 100% of
the time on whether or not acute appendicitis is
present. When two pathologists reviewed 415
appendectomy specimens, there was disagreement
about whether or not acute appendicitis was present or
absent at histology in 7% of cases (Riber et al. 1999).
Furthermore, appendices removed because of preop-
eratively suspected acute appendicitis that appear
histologically normal have been found to show
increased cytokine expression as clear evidence of an
inflammatory response (Wang et al. 1996). That there
is less than 100% pathologist agreement on the pres-
ence or absence of acute appendicitis is a source of
intrinsic variability in negative appendectomy rates.

Due to these multiple variables at work in diag-
nosing acute appendicitis preoperatively and at
pathology, achieving a consistent negative appen-
dectomy rate of 0% likely is not possible. Jones et al.
(2004) proposed that appropriate utilization of CT
should decrease the negative appendectomy rate to
2%. This figure may also be too optimistic, but a
negative appendectomy rate of 5-10% for men and
women would seem to be achievable.

5 Ultrasound and Negative
Appendectomy Rate

As CT is frequently obtained if ultrasound (US) exam-
inations are equivocal or negative and clinical suspicion
for acute appendicitis remains high, it is difficult to
isolate the impact of US on the negative appendectomy
rate based on the available literature. Two studies which
attempted to define the impact of US on negative
appendectomy rates are described briefly below.

van Breda Vriesman et al. (2003) retrospectively
evaluated the negative appendectomy rate in patients
who underwent US (n = 233) followed by noncon-
trast CT (n = 30) if US results were equivocal. The
negative appendectomy rate was 6.0% in this patient
population. This negative appendectomy rate is lower
than the historical negative appendectomy rate of 15—
20% cited in the pre-US and CT era.

Styrud et al. (2000) retrospectively reviewed 610
patients who were evaluated with US and 114 patients
evaluated with CT for suspected acute appendicitis.
The negative appendectomy rate was 12% for patients
who underwent preoperative CT or US as compared
to 18% at the same institution before the use of pre-
operative US and CT.

Both of these studies indicate that preoperative US
followed by preoperative CT when US is equivocal or
negative can lower the negative appendectomy rate
compared to historical controls at institutions with
expertise performing appendiceal US. Please refer to
“Ultrasonography Versus Computed Tomography:
Evidence-Based Imaging” and “US Versus CT:
Evidence-Based Medicine and Cost-Effectiveness in
Imaging Acute Appendicities in Children” in this
volume for a detailed discussion of the accuracy of
ultrasound as compared to CT in the diagnosis of acute
appendicitis.

6 Imaging, Negative Appendectomy
Rate and Children

As compared to the adult literature, there are rela-
tively fewer published articles addressing the effect of
imaging on negative appendectomy rates in the
pediatric population. Similar to the US literature,
most pediatric articles describe a combined approach
of US followed by CT if the initial US is negative or
equivocal for acute appendicitis.

Applegate et al. (2001) reviewed 299 pediatric
patients who underwent urgent appendectomy pre-
ceded by no imaging or preceded by preoperative CT
and/or preoperative US. In the study population, the
negative appendectomy rate without imaging was
14%. The negative appendectomy rate for patients
who underwent preoperative US with or without CT
was 17%, but this difference was not statistically
significantly different as compared to the no imaging
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group. The negative appendectomy rate for patients
who underwent CT with or without US was 7%, but
this rate also was not statistically significant as com-
pared to the rate with no imaging (p = 0 .10). The
negative appendectomy rate for patients who under-
went CT only was 2%, and this rate was statistically
significantly different as compared to the rate of
negative appendectomy with no imaging (p = 0 .02).
The rate of negative appendectomy was also statisti-
cally significantly lower for preoperative CT only as
compared to preoperative US (p = 0 .007).

Smink et al. (2004) evaluated 272 pediatric
patients who underwent urgent appendectomy in 1997
and also after the implementation of a clinical prac-
tice guideline in 2001 which established criteria for
ordering preoperative US and CT in pediatric patients.
In 1997, 52% of patients underwent preoperative CT
and/or US (5% CT only, 38% US only, 9% CT and
US), and the negative appendectomy rate was 10.6%.
In 2001, 90% of patients underwent preoperative CT
and/or US (60% CT only, 12% US only, 18% CT and
US), and the negative appendectomy rate was 5.5%.
This decrease in the negative appendectomy rate with
increased preoperative imaging was statistically sig-
nificantly different (p = 0 .03). The authors do not
report whether CT or US had more of an impact on
the negative appendectomy rate but recommend CT
as the imaging modality of choice for all boys and for
girls younger than 11 years of age.

In a prospective study of 139 children and ado-
lescents, Garcia Pena et al. (1999) compared negative
appendectomy rates for those patients who did and
did not undergo preoperative US with or without CT.
The imaging protocol for this study was that all
patients underwent US first. If US results were
equivocal or negative, patients underwent CT with
rectal contrast material. The negative laparotomy rate
for patients who underwent the imaging protocol was
6% as compared to 12% for patients who did not
undergo preoperative imaging.

Martin et al. (2004) evaluated 720 pediatric patients
admitted with a diagnosis of appendicitis between
1998 and 2001. During this time period, preoperative
US decreased from 20.0 to 7.0%, and preoperative CT
increased from 17.6 to 51.3%. During this time period,
the negative appendectomy rate decreased from 10.9 to
6.0%, but the authors report that this difference was not
statistically significantly different.

In summary, the pediatric literature suggests a
trend toward lower rates of negative appendectomy
with increased preoperative imaging. For a more
detailed discussion regarding the optimal preoperative
imaging algorithm in pediatric patients, the reader is
referred to the “US Versus CT: Evidence-Based
Medicine and Cost-Effectiveness in Imaging Acute
Appendicities in Children” in this volume.

7 Conclusion

In conclusion, there is convincing evidence in the
medical literature documenting a decrease in overall
negative appendectomy rates in adults as rates of
preoperative CT have increased. Negative appendec-
tomy rates in women have consistently been found to
be lower with increased use of preoperative CT.
Results for men have been more variable. In studies
where initial male negative appendectomy rates were
low, no change was found with increased use of
preoperative CT. However, in studies where initial
male negative appendectomy rates were higher, sta-
tistically significant decreases were found with
increased use of preoperative CT. Increased rates of
preoperative imaging have also been shown to be
associated with reductions in negative appendectomy
rates in children.
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concern to radiologists, medical physicists, and gov-
ernmental regulatory authorities, and it has been
claimed that the radiation dose delivered by CT was
excessive (Rogers 2001; Berrington de Gonzélez et al.
2009; Little et al. 2009).

The radiation dose delivered to patients undergoing
diagnostic radiologic examinations by CT is generally
in the order of 1-24 mSv per examination for adults
(UNSCEAR 2000) and 4-10 mSv for children
(Shrimpton et al. 2003). These average effective doses
represent a lifetime risk of cancer induction and can be
classified as low (Tubiana et al. 2009), even though
they are invariably greater than those resulting from
conventional radiography. Typically, an abdominal
radiographic examination with two views delivers
0.4-1.0 mSv. In contrast, a standard-dose MDCT
delivers up to 15 mSv per acquisition, which is equal
to a 15-fold risk of death by cancer according to cur-
rent model. In other words, one death by cancer is
expected for every 30,000 abdominal X-rays and
every 2,000 MDCT examinations (ICRP 1991). Most
importantly, more than one-half of the collective
radiation dose delivered by diagnostic-imaging pro-
cedures is due to CT examinations (Golding and
Shrimpton 2002). Although CT is an imaging tech-
nique that uses relatively high-radiation doses, it
should be noted that it has replaced other techniques—
such as barium enema and small bowel follow
through—that delivered equivalent or even higher
doses. Nevertheless, a further step in reducing the
radiation dose is needed, as CT has become the main
source of the radiation delivered by medical proce-
dures. Therefore, particular attention has to be paid to
dose optimization and reduction. Radiologists and
medical physicists should be aware of their responsi-
bility in achieving the appropriate balance between the
image quality required for diagnostic purposes and the
amount of radiation dose delivered to patients
(Golding and Shrimpton 2002). In the rapidly evolving
field of MDCT, the quest for the highest image quality
has often obscured possible issues regarding the
radiation. In this chapter, we will first review the
technical basis for the assessment of radiation deliv-
ered by CT. We will then review the interactions
between the image quality, diagnostic performances,
and radiation dose. Furthermore, we will specifically
focus on clinical advances in dose reduction in
abdominal CT and in particular in those performed in
adults and children to rule out acute appendicitis.

2 Assessment of Radiation Dose

The issue of increased delivery of radiation is com-
pounded by the fact that younger and thus more
radiation-sensitive patients are being scanned with
increasing frequency (e.g., for right iliac fossa pain)
(Hricak et al. 2010). The resulting public concerns
have stimulated the publication of guidelines
for maximum dose levels administered by CT.
The European Guideline for Quality in Computed
Tomography (European Commission 1999) defines
such dose levels for all organs. The following para-
graphs will focus on the factors that determine dose
delivery in abdominal CT and on the relationship
between radiation dose and image quality.

2.1 Measurement of Radiation Dose
Several methods are currently in use to quantify the
delivery of ionizing radiation to the patient. The fact
that there are several methods attests the complexity
of this issue and may also present an obstacle to the
understanding of radiation dose assessment. The most
important parameters for radiation dose assessment,
together with brief explanations, are summarized in
Table 1 (Nagel 2007; Christner et al. 2010).

2.2 Technical Factors Influencing Dose

Delivery

Dose delivery and image quality are substantially
influenced by scanner technology. The following
parameters are of practical importance.

2.2.1 Scanner Geometry

To decrease the centrifugal forces of the tube during
rotation, manufacturers tend to move the tube closer
to the isocenter of the scanner. At fixed mAs settings,
this substantially increases the patient dose, notably
the skin entry dose.

2.2.2 Focal Spot Tracking

Slightly widening the prepatient collimation (“over-
beaming”) was used in early MDCT units to com-
pensate for subtle alterations of the focal spot size
during tube rotation. Overbeaming has now been
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Table 1 Parameters frequently used in the calculation of dose

Integral under the dose profile of a CT section

Average radiation dose across the diameter of a phantom. Corresponds to the sum of one-
third of the dose in the center and two-thirds of the dose in the periphery of the phantom

Corresponds to CTDIw divided by the pitch factor. Indicates average local dose to a patient
within the scan volume. Allows for direct comparison of the radiation dose from different
scan parameter settings, even between scanners. Directly reflects image quality

Corresponds to CTDIvol multiplied by the length of the scan. At identical CTDIvol, scans
covering longer anatomic areas will deliver more dose than those covering shorter areas.
Reflects the dose per acquisition, and is summed for all acquisitions, the dose per

Computed parameter used to estimate the radiation risk to the population. Does not provide
precise radiation risk for the individual patient, but is rather an index of risk for a particular

Parameter Abbreviation Comment
CT dose index CTDI
Weighted CT CTDIw
dose index
Volume CT CTDIvol
dose index
Dose-length DLP
product
examination
Effective dose E
scanner and examination
Note

E can be calculated from the DLP: E = DLP x Cf,

where Cf is a conversion factor specific to abdomen CT and equals 0.015 mSv/mGy cm (7)

replaced by focal spot tracking that adjusts the colli-
mator setting and is a standard feature in the latest
generation scanners.

2.2.3 Geometric Efficiency

The geometric efficiency of a detector is determined by
the amount of radiation that reaches the detector rela-
tive to the amount of radiation that leaves the patient.
Geometric efficiency depends on width, spatial orien-
tation, absorption of the septa-separating detectors, and
width of the dose profile in the z-direction.

2.2.4 Detector Efficiency

Solid-state detectors have up to 30% higher quantum
yield than older xenon gas detectors. Using solid-state
detectors, the same image noise can thus be achieved
with a considerably lower dose compared with xenon
detectors. Newly developed Gemstone detectors have
a high sensitivity but also are very fast and allow dual
energy imaging with one CT source.

2.2.5 Image Noise

Image noise appears as a mottle aspect in CT images
and is measured through the standard deviation of CT
numbers. Noise depends on scanner characteristics and
among them on tube current and reconstructions algo-
rithms (kernels). Noise can be substantially reduced by
increasing image thickness on raw data and on multi-
planar reformations (MPR), by using soft reconstruc-
tions algorithms, and by the newly-developed iterative
reconstruction algorithms. These denoising tools are

the key factors for dose optimization and reduction
because they reduce the dose necessary for making
image quality acceptable.

2.2.6 Tube Current Time Product

Radiation dose is proportional to the tube current time
product and is expressed in mAs. Optimization of CT
dose includes reduction of this parameter. Drawback
of this approach is the produced image noise that will
limit reduction. Mean tube current time product is
part of the DICOM information in each CT image
reconstructed from the raw data.

2.2.7 Tube Voltage (U)

In CT, increased tube voltages are used preferentially
for improvements in tube loading and image quality.
Contrary to the tube current time product, the con-
sequences of variations in U cannot easily be assessed
or predicted. There are therefore very few recom-
mendations for the use of lower U settings as those
currently used for standard or even low-dose CT
scanning (120 and 140 kV). The relationship between
dose and tube potential U is not linear, but rather of an
exponential nature which varies according to the
specific circumstances. The radiation dose varies with
U to the power of 3.5. If the tube potential is
increased, e.g., from 120 to 140 kV, the electrical
signal obtained from the detectors therefore changes
by a factor 1.7. U at 140 kV should thus be used in
conjunction with very low tube currents in order to
keep CTDIvol within acceptable limits. This tube
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Fig. 1 Optimized dose MDCT in an obese patient weighing
135 kg, with acute appendicitis. Tube potential at 140 kV is
used. Dose-length product is as high as 747 mGy cm. Trans-
verse abdominal diameters are of 37 (P-A) and 43 (lateral) cm.
Arrows in a (axial plane) and b (coronal plane) show enlarged
appendix and fat stranding

potential may be appropriate in obese patients as
shown in Fig. 1, but a priori not in children unless
with extremely low tube currents.

Image noise generated by reduction in tube
potential is less appearing as compared to the equiv-
alent dose reduction obtained by lowering the tube
current. Recently, Guimaraes et al. (2010) assessed
the maximum patient diameter for acquiring CT with
80 kV: 35 cm should be considered as the maximum

with the most recently developed CT generation. This
indicates that U as low as 80 kV could be used in
children but also in adults. Thus, as long as the patient
is not obese, lowered kV settings can be used when
imaging the abdomen: U at 100 kV can be recom-
mended in non-traumatic emergencies such as sus-
pected acute appendicitis in patients weighing 80 kg
or less. In children under the age of 10, with a body
weight lower than 40 kg, U at 80 kV can be recom-
mended. Examples of MDCT acquisitions at standard
U (120 kV) and at lowered U (100 and 80 kV) are
shown in Figs. 2, 3, 4, 5, 6,7, 8,9, 10, 11, in adults
and/or children. If IV iodine contrast injection is
mandatory, a reduced contrast volume and/or con-
centration could be used because the absorption of
iodine at lower U is significantly increased (Nagel
2007). Note that reduced U at 80 and 100 kV is rec-
ommended for CT angiography (Paul and Abada
2007). Finally, for performing low-dose acquisitions
in obese patients, tube potential may be high and set
at 140 kV, but compensated by very low tube cur-
rents. Thanks to the natural contrast of fat separating
abdominal organs, this technique enables excellent
visualization of the appendix with reduced DLP val-
ues as shown in Fig. 12.

2.2.8 Tube Current Modulation: Automatic
Exposure Control

Tube current modulation, also called automatic expo-
sure control (AEC), has been developed because of
substantial differences in absorption between the an-
tero-posterior and the lateral orientations since these
diameters of the body cross section differ in thickness
(Kalra 2007; Mulkens et al. 2005). Lateral-abdominal
diameter in a young women may reach 35 cm whereas
the antero-posterior diameter is of 18 cm, only 50% of
the lateral one. Attenuation follows an exponential
function. Thus small changes in diameter will cause
major differences in attenuation. AEC systems are able
to measure this attenuation and to adapt the tube current
in order to maintain image quality, mainly image noise,
at a constant level. By adapting the tube current, and
reducing it in the antero-posterior orientation in
abdominal CT, AEC systems allow for overall dose
reduction of 10-20% in mean without loss of image
quality, as compared to fixed tube current. In addition to
modulate the dose in the x—y plane, AEC systems also
determine and adapt the highest and lowest mA in the
Z axis and provide equalized image quality throughout
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Fig. 2 Iodine-enhanced low-dose MDCT at 120 kV in a 20-
year-old man with suspected appendicitis that was confirmed
surgically. Noise in ROI obtained in psoas muscle is at 16 HU.
Image quality can be considered as sufficient using CTDIvol at
only 3.48 mGy for this 81 kg weighing patient (a). Note that

Fig. 3 Tube potential
optimization: advantage of
using 100 kV in a patient
weighing <80 kg. Two
consecutive optimized dose
abdominal MDCT are
obtained in a 36-year-old
patient weighing 67 kg, for
follow-up of acute
pancreatitis with pseudocyst
of the pancreatic head. Left
coronal image is acquired at
120 kV and follow-up CT
displayed is right coronal
image is acquired at 100 kV.
CTDlvol has been reduced
from 4.23 to 2.46 and the DLP
have been reduced from 194
to 101 mGy cm whereas
image quality is preserved

the acquisition. Different technical solutions are cur-
rently applied to modulate the tube current according to
the maximum and minimum patient size as determined
by the scanogram (also named scout view or topogram).
Using AEC, the dose delivered to the patient will
depend on his body habitus, and as a consequence, the
dose will be reduced in thin patients but conversely it
will also be increased in large-frame and in obese
patients (Mulkens et al. 2005). AEC systems are the

Z-coverage includes lung bases and lower aspect of pubis bone
and could have been reduced by 20-25% (b). Thus, actual DLP
of 168 mGy cm that is in the range of low-dose MDCT could
have been reduced to 140 mGy cm

only systems able to automatically adapt the mA (and
the dose) to the patient’s absorption. Thus, in abdomi-
nal MDCT, these systems should always be activated.

Because AEC systems differ from one manufac-
turer to the other, in particular when scanning small or
obese patients, dose delivered to individuals by
different scanners can only be compared and set up on
standard-sized patients (approximately 70 kg weight
and 1m70 tall).
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Fig. 4 Low-dose MDCT protocol in a 17-year-old male same patients, showing acute appendicitis and significantly
weighing 85 kg and with suspected acute appendicitis. reduced noise by multi-planar reformations technique.
a represents a 5 mm axial slice reconstructed without Appendicitis was confirmed surgically. MDCT delivered
denoising algorithm. b represents two coronal views in the 110 mGy cm (1.6 mSv)

Fig. 5 Iodine enhanced abdominal MDCT in a 12-year-old acquisition. DLP is at 101 mGy cm whereas image quality
boy weighing 45 kg. No sign of appendicitis was found by is excellent in axial (a) and in coronal or sagittal
CT. Low-dose protocol with U at 100 kV was chosen for (b) orientations

Fig. 6 Unenhanced MDCT obtained at 100 kV in a 12-year- CTDIvol is at 1.68 mGy and DLP is at 51 mGy cm. This dose
old boy after two consecutive inconclusive (or negative) descriptor corresponds to the effective dose E of an abdominal
ultrasound examinations. a in axial orientation and b in coronal  plain film examination with 1-2 views

and sagittal orientations show a normal appendix (arrows).
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Fig. 7 Unenhanced MDCT obtained at 80 kV in a 9-year-old boy weighing 34 kg after inconclusive ultrasound examination.
Acute appendicitis is demonstrated by MDCT while CTDIvol is at 1.38 mGy only and DLP is lower than 50 mGy cm

standard-dose-enhanced
MDCT in a 70 kg weighing female patient complaining of
right lower quadrant pain. In axial 3 mm slice of a noise in
psoas muscle is at 12 HU, a value that is in the range of
standard-dose MDCT whereas the CTDIvol has been lowered

Fig. 8 Iterative reconstruction on

The amount of dose increase driven by AEC in
obese patients is scanner dependant. It is highest with
AEC systems that warrant a constant noise in images
through the use of a noise index. CT scanners from
General Electric and from Toshiba have this
approach. In these scanners, protocols with higher
noise index as compared to standard-sized patients are
recommended for obese patients in order to avoid the
dose to be unnecessarily excessively increased in
obese. AEC systems from Philips and Siemens mod-
erate the dose increase in obese patients. Further
software versions of these AEC devices will enable

to 2.67 mGy and the DLP to 101 mGy cm Appendicitis was
confirmed surgically. Note that iterative reconstruction tech-
nique slightly reduces image sharpness in axial view (a) but not
on coronal views generated with filter back projection recon-
struction technique (b)

the CT users to select the amounts of dose increase in
obese depending on the body region.

One major drawback to the use of noise index for
quantifying image quality is that the noise index also
depends on the slice thickness and on the recon-
struction algorithm. Therefore, recommendations for
optimized dose levels cannot be expressed in noise
index but only with volume computed tomography
dose index (CTDIvol) and Dose-length product (DLP)
values as presented in Tables 2, 3, 4. Optimized noise
indexes for abdominal acquisitions using GE scanners
can be found in the literature to be as high as 30
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Fig. 9 Alternative diagnosis in right iliac fossa: right sided
colitis. Optimized dose MDCT in a 28 year-old female patient
weighing 78 kg and with right lower quadrant pain. a shows
standard deviation of HU measurements within a ROI placed in
psoas muscle, representing image noise at 12-16 HU. b shows

Fig. 10 Alternative diagnosis:

pyelonephtitis.
female patient weighing 50 kg, admitted to the emergency

16-year-old

department with right-sided abdominal pain and fever.
Low-Dose MCDT is performed with CTDIvol at 2 mGy

(Kambadakone et al. 2010) and depend on all the
above-mentioned parameters.

23 Definition of Terms for Qualifying

the Dose

Terms qualifying radiation dose are not strictly
defined. As an example, the dose of a so-called
“low-dose” protocol in one CT center could corre-
spond to the one of a standard dose in another center.

scout view with measurement of patient’s lateral diameter at
35 cm on the left and coronal view with right colon thickening
indicating colitis. Radiation dose expressed in mean CTDIvol
was 5.83 mGy and expressed in DLP was 276 mGy cm

A typical confusion of this order can be seen when
introducing iterative reconstructions in clinical prac-
tice (Singh et al. 2010). The low-dose achieved with
iterative reconstructions by some researchers is as
high or higher than that delivered by some others
using optimized acquisitions and reconstructing with
filtered back projection technique (Kambadakone
et al. 2010; Allen et al. 2010; Leng et al. 2010). As a
general rule outlined by Leng et al. (2010), iterative
reconstruction should be applied on optimized doses
hereafter defined as the lowest dose providing
acceptable image quality. Specific effect of iterative
reconstruction algorithm on the diagnosis of acute
appendicitis has not yet been investigated. An
example of iterative reconstruction is given in Fig. 8.

2.3.1 Standard Dose

The term “standard dose” refers to the dose usually
recommended by CT manufacturers and often used in
routine practice but that could be substantially
reduced—to an optimized dose level—without dele-
terious effect on image quality. Typically, CTDIvol
proposed by manufacturers in Europe range between
11 and 23 mGy in a standard-sized patient. At stan-
dard dose, noise in images (SD of ROI in a homo-
geneous area, e.g., aorta) is usually at 12 £ 3 HU.
Standard dose may be considered as an acceptable
technique in oncology and elderly patients. DLP for a
standard abdomino-pelvic CT in a standard-sized
patient should be lower than 800 mGy cm.
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Fig. 11 Seven-year-old boy weighing 30 kg referred to
MDCT for a suspected appendicitis. Unenhanced MDCT at
80 kV with CTDIvol at 1.18 mGy and DLP at 26 mGy cm.
Appendix is normal—see arrows in axial view (a) and in
coronal and sagittal views (b). No recurrence occurred for the
next three following months

2.3.2 Optimized Dose

The term “optimized dose” should refer to a dose that
provides adequate image quality but not with exces-
sive radiation, and is the practical application of
ALARA (As Low As Reasonably Achievable) prin-
ciple. At optimized dose, noise in images ranges
usually from 13 to 22 HU, depending on the image
thickness, typically 15 HU in a 3 mm thick slice.
Optimized dose is an acceptable technique in young
adults and in non-oncology patients. DLP for an
abdominal CT in an adult standard-sized patient with
abdominal pain at optimized dose conditions should
range between 200 and 400 mGy cm. Optimization
process is per definition a process that eliminates the
excess of radiation that does not provide significant
increase in image quality. Optimized dose level for a
given examination and on a given CT unit is not
known, but has to be found out by the user who is
responsible for this process (Golding 2010).

23.3 Low-Dose

The term “low dose” should be restricted to a CT
delivered dose not higher than that delivered by a set of
plain films investigating the considered condition.
At low-dose, image quality is lower but diagnostic
accuracy is preserved. At low-dose, noise in images
ranges usually from 18 to 30 HU in 3 mm slices.
Low-dose should be the preferred method for scanning
young patients and patients with potentially recurring
abdominal pain. DLP for an abdominal CT in a young
standard-sized patient with abdominal pain at low-dose
conditions should be around 100 mGy cm and lower
than 200 mGy cm. Using a conversion factor of
0.015 mSv/mGy cm, the corresponding effective dose
would be equal or lower than 3 mSv, alimit admitted as
that of low-dose abdominal CT (Tack 2007).

3 Radiation Dose from MDCT
in Patients with Suspected
Appendicitis

According to ALARA principle, the dose delivered to
the patient should be at the level below which the
image quality would be insufficient to yield an accu-
rate diagnosis. Practically, the delivered dose should
be adapted first to the patient’s size and second to the
clinical indication. AEC systems adapt the dose to the
patient’s size. CT users are in charge of appropriate
AEC parameters in order to choose the ALARA
image quality depending on the CT signs that enable
accurate diagnosis of appendicitis and alternative
diagnoses. In this paragraph, we will discuss the
impact of dose reduction, including acquisition length
and number of acquisitions, on the CT findings and on
CT diagnosis of acute appendicitis.

3.1 Dose Reduction Regarding the CT
Signs and Diagnosis of Acute
Appendicitis

3.1.1 Dose Reduction in Acute Abdominal

Disorders with High Contrast Between
Structures
Reduction in radiation dose was first investigated in
diagnostic conditions characterized by high intrinsic
contrast between structures, such as lung nodule
screening (Rusinek et al. 1998), CT colonography,
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Fig. 12 Twenty-one year-old man weighing 105 kg referred acquisition length has been optimized as well, DLP is at
to MDCT for a suspected appendicitis. Unenhanced MDCT at 131 mGy cm only, a value that represents a very low dose as
140 kV with reduced mAs and CTDIvol at 3.66 mGy is compared to the one expected for the patient’s body weight
obtained and perfectly delineates a normal appendix in axial (105 kg)

(a), and in coronal and sagittal orientations (b). Because

Table 2 Reference
diagnostic levels (RDLs) for
abdominal MDCT including
pelvis in average sized adults

Table 3 Recommended dose
values for optimized and low-
dose abdominal MDCT in an
average size adult patient

Year Origin CTDIvol (mGy) DLP (mGy cm)
1999 EUR 25.0 1,100
2002 Germany 14.6 635
2003 UK 15.3 534
2008 France 17.0 800
2010 Belgium 17.1 830
Note

Values are given for an average adult patient weighing 70-75 kg

RDLs correspond to the 75th percentile of observed dose values in survey
CTDIvol: in mGy is the computed tomography dose index volume (CTDIw/pitch)
DLP: in mGy cm is the dose-length product

Year Origin/Reference CTDIvol (mGy) DLP (mGy cm)
2010/0D Belgium P25 NA 415

2010/0D Luxemburg P25 7.9 352

2009/0D Seo et al. (2009) 6.0 240

2004/LD Keyzer et al. (2004) 3.0 100-150
2009/LD Keyzer et al. (2009) 2.0-3.0 80-150
2009/LD Platon et al. (2009) 2.1 84 + 10

Note

P25: 25th percentile of dose values as observed in nationwide surveys
Recommended levels for optimised dose (OD)

Recommended levels for low-dose (LD)

NA = nonavailable

and ureteral stones (Diel et al. 2000; Liu et al. 2000; alternative diagnoses can be made despite the reduced
Hamm et al. 2002; Tack et al. 2003; Kalra et al. dose. Indeed, periureteric and perinephric fat strand-
2005). In these early studies, it was suggested that ing is still visible at low-dose CT (Heneghan
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Table 4 MDCT parameters and dose descriptors in low-dose MDCT for acute appendicitis as a function of body weight

Patient’s weight (Kg) Tube potential (KV) Example CTDIvol (mGy) DLP (mGy cm)
Optimized MDCT of the abdomen in adult patients

>120 140 Fig. 1 12.0-15.0 600-1000
100-120 120 NA 8.0-12.0 400-600
80-100 120 Figs. 3, 9 4.0-8.0 300-400
60-80 100 Fig. 3 3.0-4.0 200-300
Low-dose MDCT of the abdomen in adult patients

>120 140 NA 8.0-12.0 300-500
100-120 120 Fig. 12 4.0-6.0 200-300
80-100 120 Figs. 2, 4 2.0-4.0 150-200
60-80 100 Figs. 8, 10 1.5-3.0 100-150
Low-dose MDCT of the abdomen in small adults and in children

40-60 100 Figs. 5, 6 1.5-3.0 50-100
<40 kg 80 Figs. 7, 11 1.0-2.0 25-50
Note

1. AEC current modulation should always be activated

2. Low-dose protocols suppose accepted higher noise levels as compared to routine optimized MDCT acquisitions
3. In adults, DLP values are given for an optimized acquisition length is of 30 cm, set from the top of the kidneys to the superior

aspect of the symphysis pubis

4. In children, acquisition length is of 25 cm in those weighing <40 kg and is at 30 cm in all others

5. These protocols can be applied on most MDCT scanners

6. Using newly developed scanners (GE HD750, Siemens Definition, and Philips ICT) and using iterative reconstruction algo-
rithms, noise can be reduced, enabling further significant dose reductions by 30-50%

et al. 2003) suggesting that any intra-abdominal fat
stranding, as in numerous acute abdominal condi-
tions, could also be detectable. These low intrinsic
contrast conditions—also characterized by peritoneal
and retroperitoneal fat stranding—are visible in acute
colon diverticulitis and acute appendicitis.

3.1.2 Dose Reduction in Acute Abdominal
Disorders with Low Contrast Between
Structures as in Acute Appendicitis

Because of its high sensitivity and specificity in the

diagnosis of acute appendicitis—even without intra-

venous injection of iodinated contrast material (Lane
et al. 1999; Ege et al. 2002)—CT has been used more
and more frequently in the past decade in order to
increase the accuracy of clinical diagnosis. CT, espe-
cially without any contrast material, is rapid and causes
little discomfort to the patient. Nevertheless, as many
individuals suspected of acute appendicitis are
young—with a mean age of 30 years (Flum et al.
2001)—the radiation dose should be reduced. Keyzer
et al. (2004) compared unenhanced low-dose (30 mAs,
120 kVp) and standard-dose (100 mAs, 120 kVp)

MDCT in adults with suspected acute appendicitis. The
frequency of visualization of the appendix and
the diagnostic performance were similar regardless of
the radiation dose. Unenhanced low-dose and standard-
dose MDCT achieve sensitivity and negative predictive
values up to 97% or even more. These two performance
values are the most important in patients suspected of
acute appendicitis as this condition is potentially life-
threatening but can be easily and efficiently treated by
surgery (Krieg et al. 1975). Specificity and positive
predictive values are lower than sensitivity and nega-
tive predictive values but they are not different between
doses (Keyzer et al. 2004).

As in acute colon diverticulitis, fat stranding—i.e.,
periappendiceal fat stranding—is the most predictive
sign of acute appendicitis whatever the dose. This was
also shown in alternative disorders such as acute left
colon diverticulitis (Tack et al. 2005). In addition, the
ability to propose a correct alternative diagnosis is not
influenced by the dose. Furthermore, a study based on a
technique that simulates dose reduction has shown that
dose reduction does not affect the correctness of the
diagnosis at oral and/or IV-enhanced CT as at
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unenhanced CT (Keyzer et al. 2009). Early studies were
first performed on scanners that were not equipped with
AEC. In these studies, mAs presets were maintained
constant whatever the patient’s size. With 30 mAs eff.
(effective mAs defined as tube current time product in
mAs divided by the pitch factor), Keyzer et al. (2004)
showed that for the visualization of the appendix and the
diagnosis of acute appendicitis, standard-dose and low-
dose CT have equivalent diagnostic performance in
patients with a BMI greater than 30 kg/m>. This obser-
vation can be explained by the fact that the negative
effect of an increase in BMI could be, at least in part,
balanced by the accumulation of intra-abdominal fat
around the appendix. Other studies investigating dose
reduction in patients suspected of acute appendicitis
were in accordance with these first results as these were
not able to elicit any upper threshold of BMI at which the
diagnosis of acute appendicitis or the appendix visuali-
zation were hindered at low-dose (Keyzer et al. 2009;
Seo et al. 2009). These observations should however be
confirmed by studies focused on patients with extreme
BMI categories (extremely obese patients) as their
numbers were low in all these studies.

3.2 Acquisition Length and Number
of Paths for Excluding Acute
Appendicitis

3.2.1 Optimization of Z-Coverage

(Acquisition Length)
With MDCT scanners, the ability to rapidly scan large
volumes tempts the operator to increase this volume
along the z-axis, and/or to use multiple-pass instead of
single-pass CT. Concerning the acquisition length,
there is very few information in the literature about the
efficacy of limited Z-coverage with focus on the
painful abdominal zone. One retrospective study by
Kamel et al. (2000) showed that limiting CT acquisi-
tion to the pelvis would induce 7% of missed diag-
noses, some of them necessitating rapid surgery. These
authors showed that, by comparison to an abdomino-
pelvic CT, the sensitivity of a focused pelvic CT
would decrease from 96 to 82% for the identification
of cases in need of immediate surgery. Alternative
diagnoses that could be missed include among others,
perforated gastric or duodenal ulcer, incarcerated
hernias, pneumonias, pleural diseases, acute
cholecystitis, pyelonephritis, ureteric stone disease

(an exhaustive list of alternative diagnosis is given in
Table 1 of chapter “Imaging of Acute Appendicitis in
Adults: Computed Tomography”). The probable ideal
acquisition length includes the root of diaphragms,
easily seen on the scanogram and being at least 2 cm
above the top of the kidneys, to the upper limit of
pubic symphysis. Such an acquisition length includes
the Douglas pouch and is of 32 cm in standard-sized
men and 30 cm in standard-sized women while it
ranges between 20 and 25 cm in children aged
8-13 years. Examples of acquisition length optimi-
zation can be shown in Fig. 2b (non-optimized
acquisition length) and Fig. 4b (optimized acquisition
length). Another example is given in Fig. 12 in an
obese patient.

3.2.2 Optimization of the Number
of Acquisitions

There is almost no discussion on the number of
acquisitions needed for accurate CT diagnosis of
appendicitis: one single acquisition and its subsequent
radiation dose are sufficient in the vast majority of
patients. The choice on the appropriate technique to
be applied on adults with suspected acute appendicitis
regarding the use of iodine injection and that of
oral contrast is extensively discussed in the chapter
“Imaging of Acute Appendicitis in Adults: Computed
Tomography” by Keyzer. Whatever the contrast
protocol, there is no need for scanning patients twice
in the vast majority of cases. Unjustified multi-phasic
screening the entire abdomen because of a “you never
know” policy should thus be banished. Such policy is
unacceptable, in particular in young patients who are
at a low risk of having an incidental associated
disease. Repeated acquisitions should thus not be
performed in circumstances where they do not spe-
cifically yield additional information.

4 Methods for Optimizing
and Reducing the Dose per Slice By
Means of AEC Parameters

In this paragraph, we will address the methods for
optimizing and reducing the radiation dose regarding
the appropriate choice of AEC parameters that differ
from manufacturer to manufacturer and between
scanner generations, and the latest denoising algo-
rithms based on iterative reconstruction techniques.
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4.1 General Concept for Approaching

Dose Optimization

Automatic modulation of the tube current as a func-
tion of the patient’s absorption is now available on all
modern CT scanners. Differences still exist between
manufacturers regarding the methods used for this
modulation and the dose reductions subsequently
obtained. Detailed description, limitations, and results
of the different AEC devices have been presented and
discussed in the literature (Kalra 2007). The most
important feature of these devices is that the radiation
dose is adapted to the patient’s weight and absorption.
Consequently, the role of the CT user is not to adapt
the tube current to the patient’s weight but more to
select appropriate tube potential and image quality to
fit with the clinical indication of the CT examination.
Examples of CTDIvol and DLP values depending on
the patients’ habitus are given in Table 4 and Figs. 1,
2,3,4,5,6,7,8,9, 10, 11, 12. Pitfalls have to be
avoided for successful optimization and are listed
hereafter.

4.2 Step-by-Step Recommendations

in Optimization Process

1. Do not use the RDLs from surveys as reference
for dose optimization. These values listed in
Table 2 represent the upper limits of acceptable
practice, in other words, the limit of radiation
malpractice.

2. Bear in mind the objective for optimization.
For this, refer to Table 3 and in particular to the
25th percentile of surveys.

3. For imaging appendicitis with low-dose MDCT,
refer to low-dose values in Table 4.

4. Read the dose reports generated by the CT scanner
for each examination you interpret to become
familiar with the CTDIvol and DLP values.

5. Take the appropriate time necessary for
optimization.

6. Always keep your AEC switched “on.”

7. Choose a standard-sized patient for optimization
(1m70 and 70-75 kg).

8. Choose an appropriate kV setting as presented in
Table 4.

9. Check parameters limiting AEC: On GE and
Toshiba scanners, make sure that the mA window

is widely opened enabling tube current to be
significantly reduced in small individuals and
increased in obese. For this purpose, reduce the
lowest possible mA limit value to 20 mA, and
increase as high as possible one to the upper
limits of the scanner generator. Before acquisi-
tion, check the mA table in order to make sure
that the AEC system is acting in varying the mA
from slice to slice.

10. Adapt the index of image quality stepwise while
decreasing the CTDIvol displayed on the CT
screen. This index of image quality corresponds
to the noise index with GE and Toshiba scanners,
to the “reference eff. mAs” with Siemens scan-
ners, and to the eff. mAs with Philips scanners.

11. Choose a slice thickness value slightly higher
than the detector’s nominal thickness, typically
1.5 mm for abdominal MDCT when acquired
with 0.5, 0.6, or 0.625 mm.

12. Use smoother reconstruction algorithms if pos-
sible. Typically, with a Siemens scanner, use B10
or B20 and not B30 or B40.

13. Use slightly thickened slices for 3D display to
eliminate noise from native images.

14. Compare with previous acquisitions in the same
patient.

15. Discuss with your colleagues. If satisfied, process
to a new optimization round. If not satisfied,
check parameters such as collimation and
reconstruction thickness, and prepare increasing
the dose by 10%. If this dose level is not as those
displayed in Table 4 and Figs. 1, 2, 3, 4, 5, 6, 7,
8,9, 10, 11, 12, contact your manufacturer for
further support.

16. In children, lower the kV settings to 100 if
patient’s weight ranges from 40 to 80 kg and
down to 80 kV if weight is lower than 40 kg.
Tube current time products should remain
unchanged or slightly increased when lowering
tube voltage for imaging appendicitis (Table 4).

4.3 Image Noise in Optimized

and Low-Dose Abdominal MDCT

Noise accounts among the most important indicators
of image quality and is directly linked to radiation
dose through the tube current time product. Very few
is known on noise levels requested in clinical practice
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for a given diagnosis or condition. For example, noise
in a liver parenchyma for assessment of focal liver
lesions is usually around 10 HU in a standard quality
examination. In an optimized-dose CT, noise can be
as high as 17 HU. In low-dose CT, noise in native
images is as high as 30 but is reduced lower than 20
by MPR thickening.

The indication of each examination is very
important to consider in order to select the required
image quality and subsequently the lowest acceptable
radiation dose. As an example, the dose delivered
when searching for metastases or for imaging trauma
can be higher than that for imaging acute abdominal
pain. As explained above in the section defining the
terms associated to the concept of CT dose, an opti-
mized to standard dose setting is appropriate for
imaging patient for follow-up of malignancies.
For imaging recurrent abdominal disorders such as
Crohn’s disease, optimized dose or even low-dose
techniques are more appropriate (Kambadakone et al.
2010; Allen et al. 2010; Leng et al. 2010).

5 MDCT for Suspected Appendicitis
in Children

An extensive review of the current literature concern-
ing the radiation risks for children is presented in
“Imaging of Acute Appendicitis in Children:
Computed Tomography Including Radiation Issues”
by Spencer et al. In this paragraph, we aim to give some
advice in optimization of MDCT parameters in small
bodies such as in children. The dose from MDCT could
be adapted to child’s age, but important variations in
body weight are observed in children. Thus, we rec-
ommend adapting the MDCT parameters to the body
weight or the average diameter between lateral and
antero-posterior orientations. The strategy for adapting
the parameters for excluding appendicitis in children is
similar to that in adults unless for tube potential that
should be at 100 kV (typically in a 12-year-old child) or
at 80 kV (typically in a 8—10 year old child) as listed in
Table 4. Automatic exposure control should be swit-
ched on and index of image quality should be set up in
order to generate images with at least 20 HU image
noise. Examples of CT examinations in children at low-
dose settings are given in Figs. 5, 6, 7, and 11. DLP
values as low as 26-101 mGy cm, with Z-coverage
ranging from the kidneys to the symphysis pubis can be

used for excluding appendicitis in children who are
1.0-1.30 m tall. These dose descriptors correspond to
effective dose values of less than 1 mSv, as dose fre-
quently reported in plain film examinations of the
abdomen including two views.

6 Conclusion

In a standard-sized individual (weighing 70-75 kg),
MDCT for excluding appendicitis can be acquired
with low-dose settings and delivers DLP values
ranging from 70 to 150 mGy cm using a scanner with
16 or more detector-rows. This dose can be divided by
50% in children aged between 6 and 10 years and by
30% with the newest MDCT acquisitions techniques
and/or with iterative reconstructions software.
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Summary and Perspectives

Caroline Keyzer and Pierre Alain Gevenois

One should believe that the appendix is so insignifi-
cant and that acute appendicitis is so common that
almost everything about it is well established and
widely known would be as ignorant as the surgeons of
the nineteenth century who rejected its central role in
acute inflammatory disease of the right lower quad-
rant of the abdomen. This worm-shaped (vermiform
appendix) organ is indeed still subject of many
questions, controversies, and researches.

The role of the appendix in human is still unknown.
It could have an immune role but for many decades
nobody reported that appendectomy induces any
immune deficiency. Recent studies even showed that
removing the appendix might protect against ulcerative
colitis. As discussed by van den Broek in “Negative
Appendectomy Rate and Implications of Removing a
Normal Appendix” however, there is much debate
about what to do with a normal appendix found during
a laparoscopic intervention. It appears indeed safe to
leave it in place in order to avoid additional morbidity
and costs. As negative appendectomy rate (NAR)
should be as low as possible, imaging is thus ordered in
an attempt to reduce it. Whether imaging indeed
reduces NAR or not is also a matter of debate as
discussed by Coursey and Moreno in “Impact
of Imaging on Negative Appendectomy Rate”.

The diagnosis of acute appendicitis can be difficult
but surgeons are reluctant to any delay in its definitive
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treatment as acute appendicitis can progress to appen-
diceal perforation with both morbidity and mortality
subsequently increased. Scoring systems based on
clinical signs and laboratory findings have been
developed in order to increase the clinical diagnostic
accuracy. These systems are extensively presented by
Humes and Simpson in “Clinical Presentation
of Acute Appendicitis: Clinical Signs—Laboratory
Findings—Clinical Scores, Alvarado Score and
Derivate Scores”. As discussed by Menes and Bickell
in  “Appendicitis Perforation Rates and Time
Interval between Symptom Onset and Surgery”, while
long delay between symptoms onset and treatment has
been associated with high perforation rate, studies have
however shown that delaying surgery to regular work-
ing hours has no impact on the patient’s outcome. There
is also a debate on whether appendiceal perforation is a
different disease process than nonperforated acute
appendicitis which questions the importance of time.
Despite the fact that appendectomy is the most
commonly performed surgical procedure, there is still
no consensus on the best approach to appendec-
tomy as discussed by Mamidanna and Faiz in
“Laparoscopy and Laparotomy”. There are also
controversies about conservative treatment with anti-
biotic therapy when perforation has been carefully
excluded. The treatment of appendiceal perforation is
also subject to considerable debate, particularly the role
of interval appendectomy as explained by Almoudaris
and Faiz in “Treatment of Appendiceal Perforation”.
Finally, there are also controversies about the man-
agement of patients presenting spontaneously resolv-
ing appendicitis that can be treated conservatively but
with a high rate of recurrence as detailed by Cobben and
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Puijlaert in “Spontaneously Resolving and Chronic
Appendicitis”. Although relatively uncommon, pri-
mary appendiceal neoplasms may present with clinical
symptoms that lead to order imaging. The imaging
features of these benign and malignant tumors are
extensively described by Potretzke and Pickhardt in
“Imaging of Primary Appendiceal Neoplasms”.

Concerning imaging issues, there is still no consen-
sus for the best imaging approach in patients—children
as well as adults—suspected of acute appendicitis. It is
now widely accepted that there is no indication anymore
for barium enema in acute appendicitis as it was done
till the eighties before the age of cross-sectional imag-
ing. Although plain radiography has been shown to be
of little diagnostic value in patient suspected of acute
appendicitis, it is still frequently performed and tradi-
tionally regarded as a useful initial imaging procedure.
As discussed by Eisenberg in “Imaging of Acute
Appendicitis in Adults: Radiography”, it is unclear
whether the emergency physicians expect to detect
features of acute appendicitis or if they want to reassure
the patients who have a clinical low probability of dis-
ease. Plain radiographic findings of acute appendicitis
are extensively described by Eisenberg in “Imaging
of Acute Appendicitis in Adults: Radiography”, and by
Vinocur and Lee in “Imaging of Acute Appendicitis
in Children: Radiography” with special emphasis on
the preparation needed in children to minimize their
motions and subsequent re-takes and increased radia-
tion dose.

Ultrasonography (US) is nowadays widely used in
patients—adults as well as children—with suspected
acute appendicitis. US is very efficient, accessible,
and nonionizing. This technique has to be done in a
correct manner (graded compression and color
Doppler) as explained by Jeffrey in “Imaging of
Acute Appendicitis in Adults: Ultrasonography” and
Holscher in “Imaging of Acute Appendicitis in
Children: Ultrasonography”, respectively in adults
and children. Computed tomography (CT) is also
widely used in these patients—adults as well as
children—but is still considered as “invasive”
because of the radiation and the possibly used contrast
agents. Nevertheless, as discussed by ourselves in
“Imaging of Acute Appendicitis in Adults:
Computed Tomography” and by Spencer, Saettele,
and Lowe in “Imaging of Acute Appendicitis in
Children: Computed Tomography Including Radiation
Issues”, respectively in adults and children, the choice

of which protocol to use at CT in terms of contrasts is
very wide despite little impact on accuracy. On the
other hand, radiation issues are discussed and dose
optimization for abdomino-pelvic CT in adults
and children is provided by Tack and ourselves in
“Radiation Dose from MDCT Examinations
for Suspected Acute Appendicitis”. The choice
between US and CT is also still a matter of debate, and
several staged imaging strategies are to be evaluated in
terms of cost effectiveness as extensively discussed by
ourselves in “Ultrasonography Versus Computed
Tomography: Evidence-Based Imaging” and by
Kamat, Garcia Pefia, Blackmore, and Medina in
“US versus CT: Evidence-Based Medicine and
Cost-Effectiveness in Imaging Acute Appendicitis in
Children”, respectively in adults and children. An
important issue arising this last decade is related to
overweight patients who are susceptible to influence
the imaging strategy.

MR imaging (MRI) provides multiplanar evalua-
tion of the entire abdomen with excellent anatomic
resolution and allows identification of the etiology of
acute abdominal pain without any radiation or con-
trast agent. The acquisition protocols and MR signs of
acute appendicitis are extensively described by
Schmid-Tannwald and Oto in “Imaging of Acute
Appendicitis in Adults: MRI” and by Hormann in
“Imaging of Acute Appendicitis in Children: MRI”,
respectively in adults and children. The major issue of
MRI is still its accessibility, in particular in emer-
gency settings. When accessible, it is the preferred
method of imaging pregnant women. However,
although MRI does not expose the mother or fetus to
ionizing radiation and unenhanced MR images are
often diagnostic, the safety of MRI (and especially
Gadolinium administration) with respect to the fetus
has not been definitely established, as discussed by
Schmid-Tannwald and Oto in “Imaging of Acute
Appendicitis in Adults: MRI” and by Jaffe in
“Imaging of Acute Appendicitis in Adults: Current
Practices in Pregnant Women”. Current recommen-
dations in pregnant women are discussed by Jaffe and
involve initial imaging with US. If the diagnosis
remains inconclusive, a thoughtful discussion with the
referring clinician is warranted before going on a next
imaging modality (i.e. CT or MRI). In conclusion,
acute appendicitis is a disease that continues to raise
questions and is still susceptible to remain a subject of
research for many years.
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138, 165-173, 177-182, 186, 222-223,
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history, 3, 23, 46, 73, 221-222
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laboratory findings, 16-20

magnetic resonance imaging, MR, MRI, 79,
117-128, 133-134, 183-186
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105, 114, 121, 132, 148-149, 157-158,
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Foreign body, 7, 58, 63-64
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82, 104, 168, 185, 205
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H
Hospital stay, 19, 38, 61-62, 180
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lymphoid, 7, 26, 191, 194-195
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Ileitis: See Bowel disease, inflammatory
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omental, 93, 161, 170, 172

Inflammatory bowel disease: See Bowel disease,
inflammatory

Intussusception, 14, 75, 100, 170, 172, 185,
200, 202, 205

K
Kaposi sarcoma, 216

L
Lanz incision, 46

Laparoscopy: See also Appendectomy, laparascopy/LA,

30, 41, 45-54
diagnostic, 37-39, 50, 114
Laparotomy: See also Appendectomy, open, 45-51
negative: See Appendectomy, negative

M
Magnetic resonance imaging: See Appendicitis,
magnetic resonance, MR, MRI
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121-122
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safety, 118, 124-126, 133
signal to noise ratio, 119, 125
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McBurney, 4, 15, 46, 64, 78
Mucocele, 64, 75, 200-201, 203, 205, 211, 215
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N
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