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Abstract

Appendicitis is the most common acute surgical emer-
gency of childhood. Since the original report by Puylaert
in 1986, the use of ultrasonography in the diagnosis of
appendicitis has been the subject of considerable study.
Among the reported diagnostic criteria, the maximal
outer diameter (MOD) of the appendix is accepted as
the one of the most reliable criteria used to differenti-
ate between a normal appendix and acute appendicitis.
However, MOD measurement is subject to inaccuracies
because luminal distention by non-compressible, non-in-
flammatory material such as fecal material, or increased
maximal mural thickness due to reactive mucosal lym-
phoid hyperplasia, or a medical cause due to a general-
ized gastrointestinal disease, such as Crohn’s disease,
can cause the measurement to exceed the upper limits
of normality. The aim of this article is to introduce the
spectrum of ultrasonographic findings in the normal and
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abnormal appendix and eventually to reduce unneces-
sary surgery in children.
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INTRODUCTION

The appendix is a small organ. Howevet, to clinicians and
radiologists, it is a very important organ because acute ap-
pendicitis is the most common form of acute abdomen
that requires surgery in children. Many clinicians deliber-
ate on the decision to operate following clinical suspicion
of acute appendicitis.

The quoted negative appendectomy rate was 15% to
25%, but could be as high as 40% in female patients be-
cause many gynecological conditions such as dysmenor-
rhea and ovarian cyst complications can masquerade as
acute appendicitis' .

Since the use of sonography by Puylaert” to diagnose
acute appendicitis in 19806, ultrasonography became the
first line of diagnostic tools to detect or exclude acute
appendicitis in many institutes. In addition, with advances
in the increased resolution of ultrasonography, the inci-
dence of detection of normal appendix and appendicitis
mimicking non-inflamed, distended appendix is increas-
ing, Thus, radiologists should be familiar with the ultraso-
nographic findings of these conditions. The aim of this
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article is to introduce the spectrum of ultrasonographic
findings from normal appendix through to overt acute
appendicitis.

NORMAL APPENDIX

The appendix is a worm-like extension of the cecum and,
for this reason, has been called the vermiform appendix.
The average length of the appendix is 8-10 cm (range
2-20 cm). The normal appendix consists of 5 distinct lay-
ers; the inner most echogenic layer which represents the
interface of mucosa and lumen, the hypoechoic mucosal
layer, the echogenic submucosal layet, the hypoechoic mus-
cularis propria layer and the outermost echogenic serosal
layer. The typical normal appendix in children has an inner
hypoechoic band without folding (Figure 1), and this fea-
ture is a distinguishable finding from other bowel struc-
tures. Therefore, recognition of this finding reduces the
time and effort involved in identifying normal appendix
and confidently excluding acute appendicitis'®”. This inner
hypoechoic band corresponds to the mucosal layer with
abundant lymphoid tissue on histologic examination' and
disappears with aging[s].

Normal appendix is a compressible tubular structure
with a blind end. It is generally accepted that normal ap-
pendix does not exceed 6 mm in maximal outer diameter
(MOD), which is the most important diagnostic criterion
to exclude acute appendicitis. However, the MOD may
be exaggerated by the presence of intraluminal materials
such as gas, feces and non-inflamed fluid. To decrease the
false positive rate of this MOD criterion, some radiolo-
gists recently tried to determine another size critetion,
the maximal mural thickness (MMT) of the appendixp’lzj.
Simonovsky"” reported that the differences in the normal
appendiceal MMT between groups of young children,
adolescents and adults were marginally significant. In ad-
dition, a MMT < 3 mm should be regarded as normal in
children less than 6 years old.

Wiersma ez al'” also reported that the sizes of the
MOD and the MMT in a normal appendix in children
was 0.21-0.64 cm and 0.11-0.27 cm, respectively.

NORMAL APPENDIX WITH MUCOSAL
LYMPHOID HYPERPLASIA

Viral gastroenteritis produces lymphoid hyperplasia in the
ileocecal valve region and appendix, altering the intestinal
motility and leading to intussusception”. Mucosal lym-
phoid hyperplasia of the appendix is seen as a discern-
able hypoechoic band without folding in the inner-most
layer of the appendix. Although this finding is seen in
the normal appendix of children, in conditions of viral
gastroenteritis, mesenteric lymphadenitis colitis or other
inflammatory conditions, this hypoechoic band becomes
thickened and prominent (Figure 2) when compared
with that of normal appendix. In one series, the mean
thickness of the inner hypoechoic band was measured as
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Figure 1 Ultrasonographic and histologic findings of normal appendix. A:
Normal appendix (arrows) with thin inner hypoechoic band was seen on high
frequency ultrasonography; B: The thickness of the inner hypoechoic band (cur-
sors) of appendix (arrow) was measured as 0.5 mm; C: Low-magnification view
of a cross section of the appendix. The inner wall of the appendix is lined by a
layer of surface epithelium. The remainder of the mucosa (crypts, surrounding
lamina propria, and the inconspicuous muscularis mucosae) surrounds this
surface epithelial layer. The characteristic lymphoid nodules (arrows) within the
lamina propria were found (x 20, H-E stain).

0.80 mm in mesenteric lymphadenitis and 0.74 mm in vi-
ral gastroenteritism.

Mucosal lymphoid hyperplasia results in an increase
in MMT of the appendix, which may lead to the misdiag-
nosis of acute appendicitis. However, in most cases, we
can differentiate it from acute appendicitis by the points
of smooth and even hypoechoic band, no demonstrable
intraluminal exudates, absence of periappendiceal fat
infiltration and absence of blood flow in thickened ap-

pendiceal wall,

FECAL IMPACTED APPENDIX

Fecal material within the appendiceal lumen was
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Figure 2 Ultrasonographic and histologic findings of mucosal lymphoid
hyperplasia of the appendix. A: Normal appendix with thick inner hypoechoic
band was seen (arrows). The maximal outer diameter was measured as 7.3 mm;
B: The thickness of the inner hypoechoic band (cursors) of the appendix (arrows)
was measured as 1.4 mm; C: Prominent lymphoid follicles (arrows) were found (x
20, H-E stain).

characterized as a heterogeneous mild hyperechoic mass
without demonstrable posterior shadowing on ultraso-
nography' 'Y, The absence of strong hyperechogenicity
and posterior shadowing is a distinguishable finding from
appendicolith. Fecal material may be present in whole
lumen, focal or in a skipped pattern. Fecal impaction of
the appendix increases the MOD, frequently leading to a
misdiagnosis of acute appendicitis. However, in the fecal
impacted appendix, recognition of the sonographic find-
ings of intraluminal fecal material, preservation of the
normal wall layering, smaller MOD, thinner MMT, the
absence of periappendiceal mesenteric infiltration and no
demonstrable increase in blood flow in the appendiceal
wall (Figure 3A and B) is helpful in preventing unneces-
sary surgery' .
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Figure 3 A 5-year-old male with acute abdominal pain. A: Fecal distended
appendix (arrows) with thinned maximal mural thickness (0.6 mm) and preser-
vation of wall layers were seen on axial image; B: The maximal outer diameter
of fecal distended appendix (arrows) was measured as 8.5 mm.

CROHN'’S DISEASE OF APPENDIX

It was shown that 21% of patients with Crohn’s disease
had appendiceal involvement'"”, This incidence is simi-
lar to that reported in pathologic studies (209 0-36%)""",
Appendiceal involvement in Crohn’s disease was always
associated with segmental thickening of the terminal part
of the ileum, cecum, or both.

Newly diagnosed Crohn’s disease with involvement
of the appendix is difficult to differentiate from acute ap-
pendicitis. Distinguishing both entities is important: acute
appendicitis usually requires surgery, whereas Crohn’s dis-
ease does not. On ultrasonography, Crohn’s appendicitis
shows marked thickening of the appendiceal wall, may be
up to 3 cm (Figure 4A and B), which is an unusual find-
ing in primary acute appendicitis. Also periappendiceal
fibrofatty proliferation and hyperemia of thickened ter-
minal ileum on color Doppler study are important points
in differentiating acute appendicitis' .

There are two major concerns when isolated Crohn’s
appendicitis is diagnosed at the time of emergency lapa-
rotomy or during subsequent evaluation of the resected

specimens, which are: is there concurrent involvement
elsewhere in the gastrointestinal tract and what is the po-
tential risk of local recurrence or development of disease
elsewhere in the gastrointestinal tract? Both issues are of
obvious critical importance for the optimal management
of these patients. Yang ef al"™ and Timmcke"” reviewed

April 28,2011 | Volume 3 | Issue 4 |



Park NH et a/. US of appendix in children

Figure 4 Isolated Crohn’s appendicitis. A: Marked thickening with transmu-
ral hypoechoic echo-alteration of appendiceal wall (arrows); B: Mild increased
blood flow in thickened appendiceal wall (arrows) was seen on color Doppler
study.

the literature and noted that concurrent Crohn’s disease
elsewhere in the gastrointestinal tract was present in ap-
proximately 25% of patients with Crohn’s appendicitis.
The recurrence rate after appendectomy for localized
Crohn’s disease has been reported to be 14%-50%""**",

SECONDARY APPENDICITIS DUE TO
A GENERALIZED GASTROINTESTINAL
INFECTION

Although rare, there are numerous bacterial, viral, fungal
and parasitic infections that can affect the appendix as part
of a generalized gastrointestinal disease!”. It is important
to differentiate these disorders from primary acute ap-
pendicitis, because the former can be treated with medi-
cal therapy for the primary causes and the latter should
be treated with surgical therapy. Secondary appendicitis
due to a generalized gastrointestinal disease is seen as an
increase in MMT with preservation of wall layers, no de-
monstrable intraluminal exudates and no evidence of peri-
appendiceal change in the setting of the presence of cecal
and contiguous colonic wall thickening (Figure 5).

ACUTE APPENDICITIS

Acute appendicitis in children is more difficult to recog-
nize clinically than in adults because most children can-
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Figure 5 A 4-year-old female with acute colitis. A: Diffuse thickening of the
colonic wall including cecum (arrows) was seen; B: Appendix (cursors) was
also swollen with a maximal outer diameter of 7.8 mm and mildly increased
echogenicity of periappendiceal mesenteric fat, which led to the misdiagnosis
of acute appendicitis; C: The lymphoid follicles within the Peyer’s patches show
granulomas with microabscesses (x 100, H-E stain), suggestive of yersiniosis.

not describe their symptoms clearly and abdominal pain
is often poorly localized™. The use of high frequency
sonography with additional compression in children with
acute abdominal pain have improved both diagnostic ac-
curacy and treatment outcome'.

The exact mechanism of appendicitis is not well char-
acterized. However, the etiology is most likely multifacto-
rial, a combination of ischemic mucosal damage and bac-
terial overgrowth with some luminal obstruction appears
to be the most likely pathogenesis[23’24].

In our experience, non-obstructive appendicitis with-
out luminal distention is frequently present on US ex-
amination, although its exact incidence rate is not yet
documented. Of course, non-obstructive appendicitis
does not have appendicolith or demonstrable intralumi-
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Figure 6 A 10-year-old male with a non-obstructive acute appendicitis. A:
Thickening of appendiceal wall (arrows) with a maximal outer diameter (MOD)
of 3 mm and some irregularity of the submucosal echogenic layer. However,
no evidence of luminal distention and intraluminal appendicolith was found; B:
MOD of inflamed appendix (arrows) was measured as 7.1 mm.

Figure 7 A 7-year-old female with an obstructive acute appendicitis. A:
Luminal distention of appendix (arrows) was seen. The maximal outer diameter
was measured as approximately 7.9 mm; B: Proximal intraluminal appendicolith
(cursors) of appendix (arrows) was identified.
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Figure 8 A 6-year-old male with acute appendicitis and fever. A: Distended
appendix with dirty intraluminal fluid and hyperemia of appendiceal wall on
color Doppler study (arrows). Periappendiceal mesenteric fat infiltration was
identified; B: Because of lobar pneumonia, surgery was delayed and antibi-
otic therapy given. On follow-up ultrasonography 3 d later, the maximal outer
diameter of appendix (arrows) was decreased to 4 mm with disappearance of
intraluminal content; C: On follow-up after 6 d, the wall layers of the appendix
(arrows) had recovered significantly. Periappendiceal mesenteric fat change
had almost resolved.

nal obstructive lesion. It has increased MMT with some
obliteration of wall layers and periappendiceal fat infiltra-
tion (Figure 6A and B). We assume that the incidence of
perforation in non-obstructive appendicitis may be lower
than obstructive appendicitis (Figure 7A and B). Fur-
thermore, antibiotic therapy with close ultrasonographic
observation may be an alternative treatment rather than
immediate appendectomy in the case of mild non-ob-
structive appendicitis when the operation is not allowed
due to inadequate systemic condition (Figure 8A-C)™,

A MOD >6 mm has been regarded as the most reli-
able feature in diagnosing acute appendicitis. In a recent
report, a MOD > 5.7 mm was suggested as the optimal
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Figure 9 An 8-year-old male with perforated appendicitis. A: Initial US
showed a collapsed appendix with distal wall defect (short arrows) and peri-
appendiceal fluid collection (medium sized arrows) in the deep right lower
abdomen. In addition, marked mesenteric inflammatory change (long arrows)
was seen; B: Subsequent axial CT scan revealed loculated fluid (short arrows)
corresponding to the periappendiceal fluid collection on US and marked mesen-
teric fat change (long arrow) in the right lower abdomen.

criterion to diagnose acute appendicitis in children™".

However, the MOD may be larger than 6 mm without
acute inflammation, due to the presence of intraluminal
materials such as gas, feces and fluid""****" or mucosal
lymphoid hyperplasia secondary to viral gastroenteritis or
mesenteric lymphadenitis. To decrease the false positive
rate of the MOD criterion, one should consider the in-
traluminal content, presence of periappendiceal change,
MMT, preservation of wall layers and increase in blood

flow in the appendiceal wall in equivocal cases” >,

PERFORATED APPENDICITIS

The diagnosis of perforated appendicitis can be more
difficult because the appendix frequently decompresses
with perforation and yet may not “wall off” or form a
well-defined abscess. As a result, identifying the appendix
can be very difficult™. Marked inflammatory change of
the mesentery/omentum and abnormal fluid collection
or abscess formation in the right lower abdomen or pel-
vic cavity may be clues to the diagnosis of perforated ap-
pendicitis in children (Figure 9).

CONCLUSION
Knowledge of ultrasonographic findings of the normal
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and abnormal appendix is helpful in reducing the time
and effort involved in detecting normal appendix and to
diagnose or exclude acute appendicitis confidently.
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