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Abstract Appendicitis is the most common pediatric sur-
gical emergency. Ultrasound (US) receives the highest ap-
propriate rating scale in children with right lower quadrant
pain suspected to have appendicitis. The US exam of the
appendix has improved since Puylaert pioneered the tech-
nique of graded compression in 1986. In this article, we
review ultrasonography of the pediatric appendix as it per-
tains to the normal appendix, acute appendicitis and the
different sonographic manifestations. We also briefly de-
scribe technical optimization of image acquisition, com-
mon pitfalls and differential diagnoses.
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Introduction

Zero radiation profile, zero sedation requirement, and relative
low cost make ultrasound (US) the preferred initial imaging
study of choice over CT or MRI for the pediatric population.
Identifying the normal appendix with US can vary in the pe-
diatric population from 5% to 72% [1, 2]. Variable challenges

in the US diagnosis include but are not limited to operator
dependency/skill level and patient-specific factors like pain,
bowel gas and body mass index (BMI). Having a strong foun-
dation for understanding the technical parameters necessary to
optimize quality diagnostic images is, therefore, quite impor-
tant. When reporting these imaging findings, a US reporting
system that incorporates additional and secondary signs is
critical, especially in equivocal cases.

Technique

US examination of the appendix is best performed with a 5- to
12-MHz linear transducer. With the child supine, it is helpful to
first have the child identify the point of maximal tenderness.
One suggestion is to ask the child “Where does it hurt?” just
prior to placing the transducer on the child rather than asking
the child to “point to where it hurts.” If the child does point,
which is more often the case with acute appendicitis, the so-
nographer should then localize that point as to where to begin
the US examination. Rather than point, if the child broadly
sweeps his or her hand across the abdomen, appendicitis is less
likely to be the source of the discomfort [3]. The sonographer
should then gently apply anterior graded compression with the
transducer to displace air-filled bowel loops and reduce the
distance from the transducer to the appendix, and facilitate
identification of the inflamed appendix [3–5]. Compression of
the transducer should be slowly applied and more pressure can
be applied on expiration. In the transverse plane, the psoas
muscle and iliac vessels are important landmarks to identify
that appropriate compression is being applied [1, 6].

The appendix is most often seen draped over the iliac
vessels and located retro-ileal (53%) or subcecal (33%) [7,
8]. If the aforementioned techniques are not successful in
visualizing the appendix, one should then identify the non-
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peristalsing haustrated ascending colon, and then move the
probe inferiorly to identify the much smaller compressible
peristalsing terminal ileum [1]. The appendix might then
be seen separate from the ileum, approximately 10–20 mm
inferiorly [1, 6]. If the appendix is still not readily identi-
fied, posterior manual compression should be considered
and can be helpful in children with large body habitus. This
latter technique might further reduce the distance from the
transducer to the appendix and improve visualization from
85% with anterior graded compression alone to 95% with
both methods [1, 8]. Placing the child in left lateral
decubitus position to facilitate placing the cecum and ter-
minal ileum medially can be an additional helpful approach
to visualizing the appendix. The sonographer can add cine
images to further and more globally illustrate anatomy and
areas of interest. At our institution, we also provide routine
documentation of the pelvic cul-de-sac and Morrison’s
pouch for fluid.

Increased body mass index (BMI), as previously noted, is
one of the technical challenges that can limit US visualization
of the appendix. The sensitivity in visualizing the appendix
decreases from 76% in patients with BMI <25 to 37% in BMI
>25 [9]. Hörmann et al. [10] found the appendix in 21% of
overweight children, 67% of normal-weight children and 75%
of underweight children [9, 10]. Lower-frequency transducers
can be helpful by increasing depth penetrance of the ultra-
sound waves.

Normal appendix

At US, the normal appendix appears as a compressible, blind-
ending tubular structure with bowel wall signature and classi-
cally measures <6 mm in diameter. This gut signature consists
of five distinct layers: outermost echogenic serosal layer,
hypoechoicmuscularis propria layer, hyperechoic submucosal
layer, hypoechoic muscularis mucosal layer, and the inner-
most hyperechoic mucosal interface (Fig. 1). The hypoechoic
mucosal layer contains lymphoid tissue.

Many studies have evaluated the expected maximal outer
diameter measurement of the normal appendix in children. In
general, the appendiceal diameter increases by 0.4 mm each
year until 6–7 years old and then remains stable [11].
Variability does seem to exist, however, among different studies
designed to determine the maximal outer diameter of the normal
appendix in pediatric patients [12, 13]. Trout et al. [5] have
questioned the utility of having a uniform diameter cutoff for
the entire pediatric population by showing that the normal max-
imal outer diameter of the appendix can measure up to 8.7 mm,
with 39% having appendiceal maximal outer diameter measur-
ing >6 mm. Moreover, in children with cystic fibrosis,
intraluminal filling of the normal appendix with mucoid content
can result in a maximal outer diameter up to 14 mm [14, 15].

An additional US measurement that can supplement data
for overall appendiceal measurement is maximal mural thick-
ness (Fig. 2). The maximal mural thickness of the normal

Fig. 1 Normal appendix. a, b
Transverse gray-scale US images
with (a) and without (b)
compression (COMP) in a 9-year-
old girl show the appendix is
normal size and compressible. c,
d Magnified longitudinal (c) and
transverse (d) gray-scale US
views of the normal appendix in a
12-year-old boy show alternating
echogenicities of the normal
layers of the appendiceal wall,
including echogenic mucosa (a),
hypoechoic muscularis mucosa
(b), echogenic submucosa (c),
hypoechoic muscularis propria
(d) and echogenic serosa (e)
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appendix is 1.1 mm to 2.7 mm, as compared to normal thick-
ness for small bowel (<2.5 mm) and for colon (<2 mm) [4, 13,
16, 17]. A maximal mural thickness <3 mm should be consid-
ered normal in children <6 years [16].

Acute appendicitis, periappendiceal findings
and perforation

The etiology of the acutely inflamed appendix is likely multifac-
torial, the result of a combination of bacterial overgrowth, lumi-
nal obstruction and ischemic mucosal damage. Escherichia coli
is the most common bacterial culprit, although viral infection
such as adenovirus has been reported [18]. The lifetime risk of
developing appendicitis is estimated to occur in 8.6% of males
and 6.7% of females [4]. Varying reports put the highest inci-
dence of appendicitis at 10–19 years of age [4, 19–21]. Multiple
studies have shown the specificity of US diagnosis of acute ap-
pendicitis to be greater than 90%; however the sensitivity is
highly variable, from 40% to 90% [22, 23]. The prevalence of

a disease in specific populations changes the positive predictive
value of a test, which is reported to be 98%, and the negative
predictive value of US for appendicitis, which is 99% [2, 3, 22].

AtUS,a thickenednoncompressibleappendixwithmaximum
outer wall diameter greater than 6 mm has 98% sensitivity and
specificity of being positive for acute appendicitis (Fig. 3) [2, 11,
23].The lackof appendiceal compressibility is 96%sensitive and
specific for acute appendicitis [2]. Hyperemia is an important
marker of inflammatory disease and the inflamed appendiceal
wall is variably hyperemic at color Doppler, only 52% sensitive
and 96% specific (Fig. 4) [1, 2]. Additionally, diminished flow is
specific for ischemia, though not sensitive [24, 25].

Inflammation that rarely localizes to the distal third portion of
the appendix is known as tip appendicitis (Fig. 5). The true prev-
alenceof tip appendicitis is unknownbut case reports of patholog-
ically proven tip appendicitis suggest the prevalence is as high as

Fig. 2 Maximal mural thickness in a 12-year-old boy with normal
appendix. Longitudinal (magnified) gray-scale US view of the appendix
shows normal maximal mural thickness (MMT, short arrow) of 2.5 mm
and maximal outer diameter (MOD, long arrow) of 6 mm

Fig. 3 Acute appendicitis in an
11-year-old boy. a, b Transverse
linear gray-scale US (a) without
and (b) with compression
(COMP) show an enlarged
(0.96 cm), noncompressible
appendix. Periappendiceal
hyperechogenic tissue (asterisks)
is also seen

Fig. 4 Hyperemic mucosal blood flow in a 10-year-old girl with acute
appendicitis. Transverse color Doppler linear US view shows enlarged
appendix with hyperemic mucosal blood flow. Periappendiceal
hyperechogenic tissue (asterisks) is also seen
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5% [26, 27]. Tip appendicitis can be treated conservatively in a
subsetofpatientswithlowclinicalsuspicionforacuteappendicitis.
Because tip or focal appendicitis can be a cause for false-negative
USdiagnoses of acute appendicitis, the entire length of the appen-
dix should be carefully evaluated in every case.

Increased thickening and hyperechogenicity of
periappendiceal mesenteric fat is an important and highly spe-
cific (98% specificity; 73% sensitivity) recognizable finding
for inflammatory disease in the right lower quadrant [7].
Kessler et al. [2] reported that the most accurate
periappendiceal finding for acute appendicitis at US was
changes in periappendiceal fat, with 91% negative predictive
value (NPV) and 76% positive predictive value (PPV).
Moderate to large volumes of free abdominopelvic fluid can
be specific (98%) for appendicitis but have low sensitivity [1].

Appendiceal perforation, an unfortunate sequela of acute
appendicitis, is important to recognize and diagnose early. US
performance in detecting perforation has a very low sensitivity
(44%) and high specificity (93%) [28]. Rates of perforation
tend to be significantly higher in children younger than 8 years
(62.5%) than in older children (29.5%) [29]. The mortality
rate of appendicitis is close to zero, whereas morbidity rate
is 2.7% for nonperforated appendicitis and 16% for perforated
appendicitis [30]. Recognizing perforated appendicitis not on-
ly changes the clinical management but also the surgical ap-
proach. The utility of US in accurately characterizing the se-
verity of disease has been constantly challenged since recent
interest in the nonsurgical management of uncomplicated
(nonperforated) acute appendicitis has become more preva-
lent. Diagnosing perforated appendicitis can be particularly
challenging when the appendix decompresses as it perforates
before a well-defined abscess collection is formed [21]. At
US, in addition to periappendiceal fluid, the loss of echogenic
submucosal layer is an ancillary sign that can suggest perfo-
ration (100% sensitive, 72.7% specific), particularly in chil-
dren younger than 8 years. Marked mesenteric inflammatory
changes and a walled-off fluid collection with mobile internal
echoes, with or without foci of gas, would be consistent with
abscess (Fig. 6) [29]. The longer the duration of symptoms,
presence of appendicolith, increased maximal outer diameter,

and periappendiceal fluid are all US findings associated with
perforated appendicitis. The presence of complex
periappendiceal fluid, however, is the highest predictive US
finding associated with perforation [28].

Variable appearances of the appendix at US:
differential considerations

To avoid pitfalls it is important to be cognizant of several
conditions or findings that can alter the appearance of the
appendix at US. The maximal outer diameter of the appendix
might be distended secondarily from (a) air, (b) fecal debris,
(c) appendicolith, (d) inspissated mucoid content such as in
cystic fibrosis patients, (e) mucocele or (f) reactive lymphoid
hyperplasia.

Air

Air within the lumen of the appendix with an intact wall and no
periappendiceal abnormalities is, in most cases, a normal finding
that helps to rule out acute appendicitis (Fig. 7). Alternatively, if

Fig. 5 Distal tip appendicitis in a 13-year-old girl. a–c Longitudinal
linear gray-scale (a), color Doppler (b) and transverse (c) US images
show enlarged distal appendix (arrows) with hyperemia at the tip. Note

portion of the normal-appearing proximal appendix (arrowheads).
Periappendiceal hyperechogenic tissue (asterisks) is also seen

Fig. 6 Abscess in a 6-year-old boy with perforated acute appendicitis.
Linear gray-scale US shows an enlarged appendix (calipers), with
mucosal/submucosal discontinuity at the tip (arrowheads) and localized
periappendiceal abscess (ab) containing foci of extra-luminal gas
(arrows). Thickened periappendiceal hyperechogenic tissue is again
noted (asterisk)
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periappendiceal abnormalities also exist, air within the appendix
can result from communication with a contiguous (air-
containing) periappendiceal abscess (Fig. 8). Conversely, the ab-
sence of intraluminal air might be helpful to confirm presence of
acute appendicitis, especially in cases where US findings are
insufficient or misleading [31].

Fecal debris

Fecal debris within the appendiceal lumen at US is de-
scribed as heterogeneous hyperechoic intraluminal mate-
rial without posterior shadowing (Fig. 9) [8, 21, 32]. The
appendiceal lumen might be filled entirely, focally, or in
a skipped pattern with the fecal matter [21]. Fecal matter
in the lumen can increase maximal outer diameter >6 mm
and lead to misdiagnosis of acute appendicitis, particu-
larly if maximal outer diameter is the only criterion used.
Fecal debris can spontaneously empty but stasis can lead
to appendiceal colic.

Appendicolith

Appendicolith is a strongly hyperechogenic structure with
posterior shadowing (Fig. 10) within or outside the
appendiceal lumen, the latter occurring in instances of perfo-
ration. They represent calcified deposits that coalesce and can
be seen in both normal and abnormal appendices; hence, when
an appendicolith is found, the presence or absence of second-
ary signs becomes ever so important as part of the overall US
evaluation. The presence of an appendicolith and the in-
creased risk of appendicitis is still debated [33]. Blumfield
et al. [29] found the presence of an appendicolith in children
<8 years of age to be 68% sensitive and 92% specific for acute
appendicitis with perforation.

Cystic fibrosis

Children with cystic fibrosis, as mentioned, might have an
enlarged appendix if inspissated mucoid material distends
the lumen; appendiceal diameters average 8.3 mm and extend
up to 14.5 mm, with approximately 83% of patients having
appendiceal diameters greater than 6 mm (Fig. 11) [14]. The
lifetime incidence of acute appendicitis in children with cystic
fibrosis is much lower than that of the general population: 2%
versus 7%, respectively [14, 34, 35]. However when appen-
dicitis does occur, there is a higher rate of appendiceal perfo-
ration and abscess formation in children with cystic fibrosis
than in the general population [14, 34].

Mucocele

Mucocele of the appendix is rare (seen in 0.25% of ap-
pendectomy specimens) and commonly found incidental-
ly in elective cases [33, 36] but can arise from benign

Fig. 7 Air in a normal appendix in a 4-year-old boy. Longitudinal gray-
scale US shows prominent appendix with hyperechoic linear foci of air
within its lumen (arrows). Cecum (C)

Fig. 8 Abscess secondary to perforated appendicitis in an 8-year-old boy.
a Transverse color Doppler US of the right lower quadrant shows
irregular complex hypoechoic fluid collection containing hyperechoic
foci of air along its perimeter (arrows). b Corresponding contrast-

enhanced CT, sagittal view, of the lower abdomen shows irregular, rim-
enhancing, air-containing abscess (ab) in continuity with enlarged
appendix, along with air and appendicolith at its tip (arrow). Bladder (bl)
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(e.g., simple mucocele) to malignant (e.g., mucinous
cystadenocarcinoma) etiology. These are rarely seen in
children and more often in adults with persistent fluid-
filled appendix on multiple US or CT scans (Fig. 12).
Rarely, mucocele of the appendiceal stump develops in
children with a history of appendectomy presenting with
right lower quadrant pain.

Reactive lymphoid hyperplasia

Reactive lymphoid hyperplasia of the appendix can affect the
appendix in similar fashion to lymphoid tissue elsewhere in
the body in response to infections (e.g., mononucleosis, upper
respiratory infection). In children ages 1–10 years, mucosa-
associated lymphoid tissue occupies up to 30% of the
appendiceal wall and later diminishes. At US, lymphoid hy-
perplasia of the appendix characteristically results in thicken-
ing of the hypoechoic mucosal layer that contains lymphoid
tissue (Fig. 13) [21, 37].

Differential considerations for non-appendiceal right
lower quadrant pain

When right lower quadrant pain is not attributable to the ap-
pendix, further evaluation for the surrounding structures is
warranted. The differential list can be lengthy and should be
age-specific as well as gender-specific. Entities within the
scope of this discussion are (a) primary mesenteric adenitis,
(b) inflammation and infection and (c) Meckel diverticulum.
Other considerations for right lower quadrant pain include
typhlitis, intussusception, pyelonephritis, urolithiasis, foreign
body ingestion and gender-specific entities (e.g., pelvic in-
flammatory disease, ovarian cyst, ovarian torsion or ovarian
mass), and these are not discussed here.

Primary mesenteric adenitis

Primary mesenteric adenitis is a common alternative diag-
nosis in children imaged for appendicitis [38, 39]. While

Fig. 10 Appendicolith. a US in a 9-year-old boy with acute appendicitis
containing an appendicolith. Longitudinal gray-scale US shows enlarged
appendix with a large echogenic intraluminal appendicolith (calipers).
Note the thickened periappendiceal hyperechogenic tissue (asterisks). b

US in a 5-year-old boy with perforated appendicitis with abscess. Gray-
scale sagittal US view of lower abdomen shows abscess (ab) containing
appendicolith (arrow). BL bladder

Fig. 9 Normal stool-filled appendix in a 13-year-old boy. a, b
Transverse gray-scale US images without (a) and with (b)
compression (COMP) show a mildly enlarged, noncompressible
appendix containing echogenic stool that distends the mid and

distal segments of its lumen. c Longitudinal color Doppler US view
shows echogenic stool filling the lumen of the mid and distal
appendix. Note absence of appendiceal hyperemia, periappendiceal
inflammation or thickened periappendiceal tissue
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the entity is a diagnosis of exclusion, it is also a controver-
sial diagnosis. Enlarged mesenteric lymph nodes can be
seen secondarily in a multitude of reactive, inflammatory
and infectious processes. Mesenteric lymph nodes are bor-
derline to mildly enlarged (>5 mm short axis) and clustered
(more than three) in the small-bowel mesentery or anterior
to the psoas muscle without identifiable acute inflammato-
ry condition [40–42]. Some authors consider lymphade-
nopathy as pathological if the longest diameter measures
>10 mm or short axis >8 mm [42, 43].

Inflammation and infection

Inflammation and infection incorporate entities that can local-
ly involve the ileocecal region and result in secondary
appendiceal inflammation. Pelvic inflammatory disease can
secondarily inflame the appendix. Acute flares of Crohn dis-
ease involving the terminal ileum and cecum can lead to sec-
ondary appendiceal enlargement and inflammation (Fig. 14);
however isolated involvement of the appendix in the setting of
a Crohn flare is uncommon [33]. Infectious ileocolitis is a
common clinical condition with symptoms similar to viral
gastroenteritis. These symptoms can present acutely, making

it indistinguishable from appendicitis, particularly if the infec-
tion is by Yersinia enterocolitica, Campylobacter jejuni or
Salmonella enteritidis [41].

Meckel diverticulum

Meckel diverticulum classically presents as painless rectal
bleeding but can mimic appendicitis when inflamed. Meckel
diverticulitis can have similar findings to those of acute appen-
dicitis — as a blind-ending, noncompressible hyperemic struc-
ture with diameters of 8–12mm but arising from the distal ileum
[38, 44]. At US, a normal appendix should be separately found.

Reporting the right lower quadrant ultrasound
examination

Binary US interpretation of the appendix as being either nor-
mal or acute appendicitis is not often experienced in day-to-
day practice and accuracy might not be as high as reported in
clinical studies [3, 45, 46].When the examiner fails to identify
the appendix, appendicitis is present in up to 33% of equivocal
cases and 3% of negative cases [45]. Clinical suspicion based

Fig. 11 Enlarged appendix in an 11-year-old girl with cystic fibrosis. a–c
Longitudinal linear gray-scale (a) and transverse (b, c) US views without
(b) and with (c) compression (com) show an enlarged 1-cm (arrows)

noncompressible appendix (calipers), with heterogeneous echogenic
mucoid material distending the lumen (L). Note absence of
periappendiceal inflammation or thickened periappendiceal tissue

Fig. 12 Mucocele of the
appendix in a 14-year-old girl. a,
b Oral-contrast-enhanced CT.
Axial (a) and coronal
reconstructed (b) images show
hypoattenuating fusiform
enlargement of the appendix
(arrows), with absence of
periappendiceal inflammation.
This was a pathologically proven
mucocele of the appendix
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on history and physical diagnosis then plays a more important
role in these equivocal cases. Additional imaging might be
warranted if clinical suspicion is intermediate to low. Having
a non-binary interpretive reporting scheme increases diagnos-
tic accuracy of acute appendicitis [45].

A multivariate interpretive scheme that includes
periappendiceal findings can increase the diagnostic accuracy

from 94.1% to 96.8% [45]. These findings include mesenteric
fat hyperechogenicity, free fluid, thickened terminal ileum or
cecum, fluid collection and hypoperistalsis. The secondary
signs alone, such as pericecal fat inflammatory changes, might
be enough to diagnose acute appendicitis [13]. An example of
the reporting document provided at our institution is shown
(Fig. 15).

Fig. 14 Differential diagnosis: Crohn disease in a 16-year-old girl. a–c
Longitudinal (a) and transverse (b, c) gray-scale US images without (b)
and with (c) compression of the appendix (arrows) show
noncompressibilty of the thickened, enlarged (1.2 cm) appendix
(calipers) containing a small amount of intraluminal air. TI terminal

ileum. d, e Corresponding oral-contrast-enhanced CT images in the
coronal reconstructed view show thickened terminal ileum
(arrowheads) and ileocecal valve (arrows) with narrowing of the ileal
lumen; (e) also note the thickened, enlarged appendix (arrows) anterior
to iliac vessels

Fig. 13 Lymphoid hyperplasia of
the appendix in a 4-year-old boy.
a, b Transverse linear gray-scale
US images of the appendix
without (a) and with (b)
compression (COMP) show
borderline large noncompressible
appendix (calipers) with irregular
nodular thickening (arrows) of the
hypoechoic muscularis mucosa

1098 Pediatr Radiol (2017) 47:1091–1100



Conclusion

Graded-compression US is a valuable tool to diagnose acute
appendicitis. Visualizing the appendix by techniques, along
with an awareness of the variations in the US appearance of
the appendix detailed in this paper, greatly increases the neg-
ative predictive value in diagnosing acute appendicitis.
Having a reporting system that includes both appendiceal
and periappendiceal findings increases diagnostic accuracy
and improves communication with referring clinical services.
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