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Introduction

Appendicitis is a frequent
pediatric surgical emergency in
the United States, occurring at a
rate exceeding 100 per 100,000
person-years.' It is more frequent
in biological men, individuals of
White ethnicity, and those ages
10-19.%* Classic symptoms are absent
in up to one-third of cases.’
The main causes of inflammation
include bacterial overgrowth, lumen
obstruction, and ischemic mucosal
damage.? Abdominal pain, espe-
cially in the right lower quad-
rant (RLQ), along with guarding,
tenderness, and elevated inflam-
matory blood markers, including
C-reactive protein and white blood
cell count, raise clinical suspicion.**

While many sites perform CT
and MRI for suspected appendicitis,
US is often the initial imaging
modality in staged clinical pathways
that incorporate risk stratification
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owing to its cost-effectiveness,
frequently more rapid availability
and performance, absence of
contrast requirement, and lack

of radiation exposure.>*’ US
demonstrated a pooled sensitivity
of 72.5% and specificity of 97.0%

in one multicenter study.” However,
US is highly operator dependent.
Visualization of the appendix may
be challenging owing to factors
such as operator experience, patient
body habitus, excessive bowel gas,
and variable appendix location.*®
This article describes techniques
for the sonographer and radiologist
to identify and characterize the
pediatric appendix. We focus on how
to perform the US study so that the
radiologist can do so personally or
provide guidance to sonographers
who are less experienced in US of the
pediatric appendix.

Technique

The examination begins by
positioning the child supine and
asking the patient to indicate the
location of maximum pain or
tenderness to help identify the
inflamed appendix’s position. If a
specific point is mentioned, initiate
the examination from that spot.>*
Distraction techniques, such as
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using electronic tablets, toys, or
pointing to images during the US
examination, can be beneficial to
help the child remain distracted
from any pain and help them keep
still. High-frequency transducers
(eg, 6-15 MHz linear transducers)
are ideal,>” while low-frequency
transducers (eg, 1-6 MHz curved
array) are suitable for patients with
a large body habitus or a deep-
seated appendix in whom greater
penetration depth is necessary.>*
Harmonic imaging should be used if
available. An excessively deep field
of view decreases axial resolution
and the ability to visualize small
caliber structures such as the normal
appendix (3-5 mm). To facilitate
visualization of a normal appendix,
initially set the depth of the

scan to include the RLQ bowel,

but not deeper structures such as
the posterior aspect of the iliac

wing and, in younger children,

the vertebrae. Start scanning

with light to moderate pressure,
applying additional pressure on
expiration.® Normal bowel can be
displaced by a technique called
graded compression. This technique
involves applying light pressure with
the transducer during the initial
anterior abdominal sweep.® The goal
is to displace and compress bowel
gas and fluid from the cecum and the
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Figure 1. The iliac vessels (red and blue) and psoas major muscle are
helpful landmarks. This transverse image shows the posterior iliac
bone. The depth of field should be reduced to better visualize small

structures such as the appendix.
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Figure 2. Grayscale image of the right lower quadrant shows the cecum

in the transverse plane. The colon (seen here in cross-section) is located
laterally, contains air with “dirty” shadowing, and is larger caliber than the
adjacent small bowel (shown longitudinally).

Figure 3. When possible, radiologists and sonographers should locate the terminal ileum (T1) and cecum. The ileocecal valve (ICV) (*) is variably

identified and visible in (A) but not (B).

terminal ileum (TT) with improved
visualization of the noncompressible
inflamed appendix with gradually
increasing pressure.® Important
anatomic landmarks include the
cecum, TI, psoas muscle, and iliac
vessels (Figure 1). The appendix is
typically found inferior to the cecum
and TI, and anterior to the psoas
muscle and iliac vessels.

Our practice is to first identify
the ascending colon and cecum
in the transverse plane (Figure 2).
Compared with the small bowel,
the colon is located more laterally,
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contains more air, often resulting in
“dirty” shadowing,” and is generally
of a larger caliber, making it
relatively easy to identify in many
patients. Second, we move the
transducer inferiorly to attempt to
locate the TT and ileocecal valve
(ICV) (Figure 3). The appendix
usually arises from the cecum

on the same side as the ICV

and 2-3 cm inferior to the ICV,
making visualization of the ICV a
helpful landmark.>’ Identifying the
TI is additionally useful to exclude
potentially confounding diagnoses

(eg, inflammatory bowel disease)
and ensure that the TI is not
mistaken for the appendix. The TI
should be documented with
grayscale and color Doppler imaging
to evaluate for hyperemia. The
appendix is variably positioned and,
in more than 50% of cases, it is
retrocecal.” In addition to graded
compression to help identify the
appendix, posterior manual
compression aids in reducing the
distance from the transducer to the
bowel, facilitating visualization,
especially in patients with larger
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Figure 4. Longitudinal image of

a normal appendix (calipers) with
expected wall structure and echogenic
luminal contents

Figure 5. Transverse images (A). Compressibility should n
be assessed by measuring the diameter of the appendix,

ideally in a side-by-side grayscale view (left, without

compression; right, with compression). Longitudinal

images showing the cecum origin in grayscale (B) and

the blind-ending tip on color Doppler (C). Note that the

appendix is not displaced from the adjacent structures by

inflamed fat or edema; there is no fat stranding.

abdomens.>’ Placing the patient in a
left lateral decubitus can help
position the cecum and TI medially,
improving access to the retrocecal
region.’ If the appendix remains
occult, repositioning the patient may
cause bowel gas movement,
enhancing visualization.” Some have
suggested adding a posterior
approach.”

Once identified, the appendix
should be documented in grayscale
and color Doppler images. The
Doppler pulse repetition frequency
should be very low. Longitudinal
images showing the blind-ending
tip (Figure 4) and, if possible,
origin from the cecum will prove
that the structure identified is the
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appendix and not another piece of
bowel (Figure 5). The presence of
hyperemia is best demonstrated in
longitudinal images. Compression
images showing transverse luminal
diameter should be obtained
side-by-side (Figure 5).

Morrison pouch and the pelvis
are commonly examined with
low-frequency transducers and a
deeper field of view to evaluate for
free fluid or abscess.’ The appendix
may be seen suspended within any
free fluid.?

Normal Appendix

The normal appendix is a
compressible, blind-ending, tubular

structure featuring 5 distinct layers
in the wall, although only 3

may be visible. The innermost

layer is a hyperechoic mucosal
linear structure containing lymphoid
tissue.” Appendiceal diameter is
typically less than 6 mm and does
not change with age."” The maximal
mural thickness, however, does vary
with age and a maximum of 3

mm should be considered normal
for those under 6 years old.">"
There should be minimal color
Doppler signal in the appendix wall
(Figure 5). Gas in the appendix
typically indicates the absence of
acute appendicitis.' The appendix
is often enlarged in patients with
cystic fibrosis in the absence of
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Figure 6. Primary signs of appendicitis (A). Calipers are placed on the outer walls of the dilated, fluid-filled, hyperemic appendix. Note
the displacement of the appendix away from adjacent structures by the thickened, echogenic surrounding fat stranding, a secondary
sign of appendicitis. Free fluid (*) is also present. Color Doppler (B) shows hyperemia within the appendiceal wall, a primary sign of

appendicitis. Free fluid is also demonstrated.

Figure 7. Grayscale US image (A) of the right lower quadrant (RLQ) shows a dilated, inflamed appendix with surrounding fat stranding
and an adjacent complex fluid collection (*) in a patient with a perforated appendicitis and abscess. Color Doppler image (B) of the RLQ
shows complex free fluid (*), hyperemia, and fat stranding.

appendicitis (mean diameter of

8.3 mm)." Visualization of the
normal appendix in its entire

length, including its tip, definitively
excludes appendicitis.'* However,

an appendiceal US in which the
appendix is not visualized and no
inflammatory findings are present in
the RLQ has been shown to have a
high negative predictive value.”

Acute Appendicitis

Appendix thickening, maximal
tenderness over the thickened
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appendix, noncompressibility,
(large) appendicolith, and hyperemia
(Figure 6) are the primary US
indicators of appendicitis.' While 6
mm is the conventional cut-off for
appendiceal diameter for US, it has
been suggested that specificity may
be improved with a cut-off of 7 mm."
Note that this cut-off value does not
apply to CT or MRI.

Secondary signs of appendicitis
include RLQ mesenteric fat
stranding, the presence of
acomplex fluid collection,
mesentericlymphadenopathy, and/or

periappendiceal fluid.'* Fat stranding
appears as mesenteric thickening
and hyperechogenicity (Figure 7).
Hyperechoic, thickened fatis highly
specific forinflammatory disease
inthe RLQ."*" Anappendicolith
hasbeenvariably associated with
acute appendicitis.”® An additional
concerning findingis the presence

of an excessive volume of free
abdominopelvic fluid. A small
amountof simple free fluid haslow
specificity forappendicitisin both
boysand girls, buta moderate tolarge
amounthasbeenreportedtobehighly
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Figure 8. Grayscale US image shows calipers placed around the iliopsoas muscle,
which can be mistaken for an inflamed appendix

specific.”” Complex fluid is highly
specific for perforated appendicitis.”
Focal, complex fluid suggeststhe
presence of an abscess (Figure 7).

Differential Diagnosis and
Pitfalls

Various conditions can
mimic appendicitis, including
enterocolitis, inflammatory bowel
disease, appendiceal lymphoid
hypertrophy, mesenteric adenitis,
Meckel diverticulum, and tumor.
Enterocolitis and inflammatory
bowel disease are causes of RLQ
pain that can mimic appendicitis. It
is crucial to recognize the cecum
and ilium and differentiate them
from the appendix. The TI, ending
at the ICV, is not blind-ending and
exhibits peristalsis. There may be
reactive inflammation of the cecum
and ileum in acute appendicitis, but
the amount of inflammation tends
to be relatively minor. Conversely,
inflammatory bowel disease is often
most severe at the TI. Involvement of
the appendix can be seen relatively
frequently in Crohn disease.'

Lymphoid hyperplasia is identified
by clusters of more than 10
lymphoid nodules with follicles
exceeding 2 mm in size. This
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condition can reduce the compliance
of the appendiceal wall, leading
to noncompressibility on US and
increasing the appendix’s maximum
diameter beyond 6 mm, which may
result in a false-positive diagnosis
of appendicitis.” Distinguishing
between lymphoid hyperplasia and
appendicitis is aided by identifying
periappendiceal fluid collection and
alamina propria thickness of 1 mm
or less, which are considered the
most reliable indicators.”

Mesenteric adenitis can be
identified by reactive mesenteric
lymph nodes, with a short axis
of more than 5 mm as well
as more than 3 lymph nodes
in the small bowel mesentery
without acute inflammation.>***
Meckel diverticulum is a blind-
ending structure arising from the
distal ileum, often associated with
rectal bleeding. Meckel diverticulitis
should be suspected if a cyst-like
structure with gut US signature is
identified and the structure has
anomalous vessels and signs of wall
inflammation on color Doppler.*
Origin of the inflamed structure
from the cecum excludes a diagnosis
of Meckel diverticulum.”

Other tubular-appearing
structures in the RLQ can mimic

an inflamed appendix. The psoas
muscle, when imaged obliquely,
can be mistaken for an inflamed
appendix (Figure 8).' Tuboovarian
abscess could be mistaken for a
perforated appendicitis.”

Reporting Right Lower
Quadrant US

After obtaining the patient’s
history and employing the
appropriate technique, the report
should assess the appendix, detailing
its diameter, compressibility,
Doppler flow, presence of
appendicolith, and any secondary
signs. Additionally, the report should
describe findings such as other
bowel wall thickening or enlarged
lymph nodes. Structured reporting
may decrease the use of CT
and reduce the rate of negative
appendectomies.” If the appendix
is not identified and any secondary
signs are present, CT or MRI
should be performed. In cases where
clinical suspicion remains high
despite a negative or inconclusive
US, referrers may opt to perform
further imaging studies, such as
CT or MRI, before arriving at a
definitive diagnosis or ruling out

appendicitis.'**

Conclusion

Appendicitis is the most prevalent
surgical emergency in children.
The techniques described in this
article should aid the radiologist
and sonographer in performing an
US examination for appendicitis and
the radiologist in interpreting the
findings.

References

1) Ferris M, Quan S, Kaplan BS, et al. The
global incidence of appendicitis: a systematic
review of population-based studies. Ann
Surg. 2017;266(2):237-241. doi:10.1097/SLA.
0000000000002188

November / December 2024



2) Ung C, Chang ST, Jeffrey RB, Patel

BN, Olcott EW. Sonography of the normal
appendix: its varied appearance and
techniques to improve its visualization.
Ultrasound Q. 2013;29(4):333-341. doi:10.1097/
RUQ.0b013e3182a2aa8e

3) Gongidi P, Bellah RD. Ultrasound of

the pediatric appendix. Pediatr Radiol.
2017;47(9):1091-1100. doi:10.1007/s00247-017-
3928-4

4) Giljaca V, Nadarevic T, Poropat G,
Nadarevic VS, Stimac D. Diagnostic
accuracy of abdominal ultrasound for
diagnosis of acute appendicitis: system-

atic review and meta-analysis. World J

Surg. 2017;41(3):693-700. doi:10.1007/s00268-
016-3792-7

5) Wiersma F, Toorenvliet BR, Bloem

JL, Allema JH, Holscher HC. US
examination of the appendix in chil-

dren with suspected appendicitis: the
additional value of secondary signs.

Eur Radiol. 2009;19(2):455-461. d0i:10.1007/
$00330-008-1176-6

6) Harel S, Mallon M, Langston J, et al.
Factors contributing to nonvisualization of
the appendix on ultrasound in children
with suspected appendicitis. Pediatr Emerg
Care. 2022;38(2):€678-€682. d0i:10.1097/PEC.
0000000000002394

7) George CK, Andrew TT, Cynthia KR, et al.
American college of radiology appropriate-
ness criteria® suspected appendicitis—child;
2018. Accessed October 18, 2024. https://
acsearch.acr.org/docs/3105874/Narrative/

8) Jouriles NJ. Acute appendicitis: US
evaluation using graded compression. J
Emerg Med. 1986;4(4):343. d0i:10.1016/0736-
4679(86)90023-5

9) Rubin JM, Adler RS, Bude RO, Fowlkes JB,
Carson PL. Clean and dirty shadowing at US:
a reappraisal. Radiology. 1991;181(1):231-236.
doi:10.1148/radiology.181.1.1887037

10) Wakeley CP. The position of the
vermiform appendix as ascertained by an
analysis of 10,000 cases. J Anat. 1933;67(pt
2):277-283.

11) Kadasne R, Sabih D-E, Puri G, Sabih
Q. Sonographic diagnosis of appendici-
tis: a pictorial essay and a new diag-
nostic maneuver. J Clin Ultrasound.
2021;49(8):847-859. doi:10.1002/jcu.23033

November / December 2024

Pediatric Appendicitis US: Practical Considerations

12) Coyne SM, Zhang B, Trout AT. Does
appendiceal diameter change with age?

A sonographic study. AJR Am J Roent-

genol. 2014;203(5):1120-1126. doi:10.2214/AJR.
13.12205

13) Simonovsky V. Normal appendix: is
there any significant difference in the
maximal mural thickness at US between
pediatric and adult populations? Radiol-
ogy. 2002;224(2):333-337. doi:10.1148/radiol.
2242011245

14) Rettenbacher T, Hollerweger A,
Macheiner P, et al. Presence or absence of
gas in the appendix: additional criteria to
rule out or confirm acute appendicitis--evalu-
ation with US. Radiology. 2000;214(1):183-187.
doi:10.1148/radiology.214.1.r00ja20183

15) Lardenoye SW, Puylaert JB, Smit

M], Holscher HC. Appendix in children
with cystic fibrosis: US features. Radiol-
ogy. 2004;232(1):187-189. doi:10.1148/radiol.
2321030363

16) Dirks K, Calabrese E, Dietrich CF,

et al. EFSUMB position paper: recommenda-
tions for gastrointestinal ultrasound (GIUS)
in acute appendicitis and diverticulitis.
Ultraschall Med. 2019;40(2):163-175. doi:10.
1055/a-0824-6952

17) Chicaiza HP, Malia L, Mulvey CH,
Smith SR. Revisiting the appendiceal
diameter via ultrasound for the diagno-

sis of acute appendicitis. Pediatr Emerg
Care. 2018;34(11):757-760. doi:10.1097/PEC.
0000000000001278

18) Lee MW, Kim Y], Jeon HJ, et al.
Sonography of acute right lower quadrant
pain: importance of increased intraabdo-
minal fat echo. AJR Am J Roentgenol.
2009;192(1):174-179. doi:10.2214/ajr.07.3330

19) Estey A, Poonai N, Lim R. Appendix

not seen: the predictive value of secondary
inflammatory sonographic signs. Pediatr
Emerg Care. 2013;29(4):435-439. d0i:10.1097/
PEC.0b013e318289¢8d5

20) Tulin-Silver S, Babb J, Pinkney

L, et al. The challenging ultrasound
diagnosis of perforated appendicitis in
children: constellations of sonographic
findings improve specificity. Pediatr Radiol.
2015;45(6):820-830. doi:10.1007/s00247-014-
3232-5

21) Aydin S, Tek C, Ergun E, Kazci O,

Kosar PN. Acute appendicitis or lymphoid
hyperplasia: how to distinguish more safely?
Can Assoc Radiol J. 2019;70(4):354-360. doi:10.
1016/j.car;j.2018.09.006

22) Swischuk LE, John SD. Mesenteric
adenitis-acute ileitis: a constellation

of findings definable with ultrasound.
Emergency Radiology. 1998;5(4):210-218. doi:
10.1007/BF02749155

23) Puylaert JB. Mesenteric adenitis

and acute terminal ileitis: US eval-

uation using graded compression.
Radiology. 1986;161(3):691-695. d0i:10.1148/
radiology.161.3.3538138

24) Baldisserotto M, Maffazzoni DR, Dora
MD. Sonographic findings of meckel’s
diverticulitis in children. AJR Am J
Roentgenol. 2003;180(2):425-428. doi:10.2214/
2jr.180.2.1800425

25) HuY, Wang X, Jia L, Wang Y,

Xin Y. Diagnostic accuracy of high-fre-
quency ultrasound in bleeding meckel
diverticulum in children. Pediatr Radiol.
2020;50(6):833-839. doi:10.1007/s00247-020-
04628-x

26) Ripollés T, Martinez-Perez M]J, Morote

V, Solaz J. Diseases that simulate

acute appendicitis on ultrasound. Br J
Radiol. 1998;71(841):94-98. doi:10.1259/bjr.71.
841.9534708

27) Choi K, Choi JY, Kim HJ, Kim HJ, Jang
SK. Added value of structured reporting for
US of the pediatric appendix: additional CT
examinations and negative appendectomy. J
Korean Soc Radiol. 2023;84(3):653-662. doi:10.
3348/jksr.2022.0027

28) Mittal MK, Dayan PS, Macias CG, et al.
Performance of ultrasound in the diagnosis
of appendicitis in children in a multicenter
cohort. Acad Emerg Med. 2013;20(7):697-702.
doi:10.1111/acem.12161

Applied Radiology

11


https://acsearch.acr.org/docs/3105874/Narrative/
https://acsearch.acr.org/docs/3105874/Narrative/



