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microvascular imaging revealed abundant mucosal blood flow and no abnormal vascular
network within the mucosa of the appendix wall. We preoperatively diagnosed a muco-
cele complicated by acute and chronic appendicitis, and ileocecal resection was performed.
Macroscopic and microscopic findings of the resected specimens demonstrated that the ap-
pendiceal wall was diffusely thickened, with fibrosis and inflammatory cell infiltration, and
that the appendiceal root rumen was narrowed with epithelial hyperplasia. No neoplas-

tic changes were observed. The cause of the appendiceal mucocele was likely fibrosis and

stenosis at the root of the appendix due to initial acute appendicitis.
© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Appendiceal mucocele is a rare disease that occurs in 0.2%-
0.7% of appendectomy patients. It is asymptomatic in approx-
imately 50% of patients, and its most common symptom is
abdominal pain [1]. Preoperative diagnosis can be difficult be-
cause the symptoms are similar to those of acute appendicitis.
Some reports have shown that transabdominal ultrasonog-
raphy (US) is useful for preoperative diagnosis of an appen-
diceal mucocele [2-7]. In patients with appendiceal diseases
detected by transabdominal US, the detection rate of appen-
diceal mucocele was 6.6% [4]. The “onion skin sign” refers to
the typical sonographic appearance of an appendiceal mu-
cocele, the concentric layers of echogenic layering debris of
which are seen within an enlarged and elongated appendix,
and resemble the appearance of an onion in cross-section

[4-7]. Herein, we present a patient with appendiceal mucocele
with diffuse wall thickening without the ‘onion skin sign’ di-
agnosed by transabdominal US.

sue around the appendix was focally thickened. Neither ex-
traluminal free air nor ascites was observed (Fig. 2A, B, red ar-
rows). Colonoscopy showed a localized submucosal mass-like
protrusion at the appendix orifice. No mucus leakage from the
appendix orifice into the colon lumen was observed (Fig. 3).

We preoperatively diagnosed a mucocele complicated by
acute and chronic appendicitis, and ileocecal resection was
performed at 2 days after admission. The postoperative course
was uneventful, and the patient was discharged on the 7th
postoperative day. Macroscopic findings of the resected spec-
imens demonstrated that the appendiceal wall was diffusely
thickened, and the appendiceal lumen was dilated (Fig. 4A).
The lumen of the root of the appendix was narrowed, and
its surrounding area was fibrotic (Fig. 4A, red arrows). Micro-
scopic findings demonstrated a thinned mucosal layer and a
thickened muscle layer (Fig. 4B). Epithelial hyperplasia was ob-
served at the root of the appendix (Fig. 4B, C). Fibrosis and in-
flammatory cell infiltration, which were predominantly lym-
phocytes, were observed in the appendiceal wall (Fig. 4B, D).
No neoplastic changes were observed.

Case report

A man in his 60s was hospitalized because of severe right
lower abdominal pain. The symptoms had appeared suddenly
at 2-3 hours before admission, after which the patient’s con-
dition gradually deteriorated. Physical examination revealed
tenderness in the right lower abdomen. Laboratory tests in-
cluded a leukocyte count of 13,370 cells/mm? (normal 3500-
9000 cells/mm?) and a C-reactive protein of 0.3 mg/dL (normal
<0.3 mg/dL). His liver function, renal function, and platelet
count were normal.

Transabdominal US (APLIO 500 TUS-A500; Canon Medical
Systems, Otawara, Japan) showed diffuse thickening of the
entire appendix wall (Fig. 1A) and an anechoic area that ap-
peared to be fluid collected (Fig. 1B) throughout the appendix
lumen. Contrast-enhanced US using perflubutane (Sonazoid;
GE Healthcare, Oslo, Norway) showed a contrast effect at the
root of the appendix (Fig. 1C, red arrow). Subsequent contrast-
enhanced US combined with superb microvascular imaging
revealed abundant blood flow in the mucosal layer and no
abnormal vascular network within the mucosa of the ap-
pendix wall (Fig. 1D). Abdominal plain computed tomogra-
phy showed diffuse appendiceal enlargement and diffuse wall
thickening throughout the appendix wall, while the fatty tis-

Discussion

Appendiceal mucocele is pathologically classified into four
groups: simple mucocele, epithelial hyperplasia, mucinous
cystadenoma, and mucinous cystadenocarcinoma. Previous
studies have reported rates of simple mucoceles in approxi-
mately 29% of appendiceal mucoceles, epithelial hyperplasia
and mucinous cystadenoma in 31%-34% of appendiceal mu-
coceles, and mucinous cystadenocarcinoma in 5% of appen-
diceal mucoceles [1]. The present case exhibited epithelial hy-
perplasia.

On transabdominal US examination, the “onion skin sign”
is considered a characteristic finding of an appendiceal mu-
cocele. However, the cause of this imaging pattern has not
been fully elucidated. Degani et al. reported a macroscopic
view of the appendix that showed a heavy mucoid substance
arranged in layers, and speculated that repeated sedimenta-
tion of the mucinous substance may cause the layered ap-
pearance [6]. Caspi et al. suggested that the gradual absorp-
tion of water and solutes may cause gelation of the mucin af-
ter secretion into the appendiceal cavity, and that the layering
phenomenon may result from fluctuations in the secretion of
mucin into the cavity or in the degree of excretion blockage
from the cavity [7]. In the present case, there was no evidence
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Fig. 1 - Transabdominal ultrasonography findings. Transabdominal ultrasonography findings included a diffuse thickening
of the entire appendix wall (A) and an anechoic area with the appearance of fluid collection in the appendix lumen (B).
Contrast-enhanced ultrasonography revealed a contrast effect at the root of the appendix (C, red arrows). Contrast-enhanced
ultrasonography combined with superb microvascular imaging revealed an abundant mucosal blood flow and no abnormal
vascular network within the mucosa of the appendix wall (D).

Fig. 2 - Abdominal computed tomography. Abdominal plain computed tomography showed diffuse appendiceal
enlargement and diffuse wall thickening of the entire appendix wall, and the fatty tissue around the appendix was focally
thickened (A, B, red arrows).

of the “onion skin sign” on transabdominal US. Bhagwanani Transabdominal US is a valuable method for assessing var-
etal. reported that mucin-filled appendices contain malignant ious gastrointestinal diseases and clinical conditions [9,10].
cells [8]. Thus, in the present case, the mucin content may Contrast-enhanced US is also useful for real-time assess-
have been low in the fluid collecting in the appendiceal lu- ment of local blood flow [11-13]. A prior case report demon-
men because we found no tumor component on pathology in strated that appendiceal mucinous adenocarcinoma could be
the resected specimen. diagnosed preoperatively by evaluating blood flow in a focal



RAaDIOLOGY CASE REPORTS 19 (2024) 1166-1170

1169

Fig. 3 - Colonoscopy findings. Colonoscopy showed a
localized submucosal mass-like protrusion at the appendix
orifice.

nodular lesion in the tumor cavity using contrast-enhanced
US [12]. In the present case, contrast-enhanced US revealed a
contrast effect at the root of the appendix. Contrast-enhanced
US can also be used to evaluate vascular structure. For exam-
ple, the microvascular structure in colon cancer was reported

to be irregular and characterized by large vessels, whereas
acute inflammation was not observed [13]. In the present case,
we found no vascular network abnormalities within the mu-
cosa of the appendix wall, visualized by contrast-enhanced
US. Therefore, we preoperatively ruled out a neoplastic lesion
such as mucinous cystadenoma or mucinous cystadenocar-
cinoma. These findings were clearly confirmed without the
need for contrast-enhanced computed tomography.

Appendiceal mucocele is a cystoid extension of the ap-
pendix caused by mucus accumulation in the appendix lu-
men. Kalmon et al. defined three factors that lead to the devel-
opment of mucocele of the appendix: progressive narrowing
of the valvular opening of the appendix, aseptic content, and
sustained mucus production [14]. In the present case, macro-
scopic and microscopic findings of the resected specimen re-
vealed diffuse thickening of the appendix wall, chronic in-
flammatory cell infiltration, epithelial hyperplasia in the ap-
pendix root, and stenosis of the appendix root with surround-
ing fibrosis. The occurrence of this appendiceal mucocele was
likely caused by the following mechanisms. The initial ap-
pendicitis caused inflammation that spread to the root of the
appendix, which resulted in a mild mucus drainage disorder.
This was followed by chronic appendiceal inflammation and
a persistent increase in internal pressure in the appendix,
which resulted in fibrosis and hyperplasia of the appendix
root.

In conclusion, we report a case of appendiceal mu-
cocele with diffuse wall thickening diagnosed preopera-
tively using contrast-enhanced US. Transabdominal US and
contrast-enhanced US are radiation-free, can be performed
repeatedly, and have excellent real-time performance. These

Fig. 4 - Macroscopic and microscopic findings of the resected specimen. Macroscopic findings demonstrated that the
appendiceal wall was diffusely thickened, the appendiceal lumen was dilated (A), the lumen of the root of the appendix was
narrowed, and its surrounding area was accompanied by fibrosis (A, red arrows). Microscopic findings demonstrated a
thinned mucosal layer and thickened muscle layer (B). Epithelial hyperplasia was observed at the root of the appendix (B, C).
Fibrosis and inflammatory cell infiltration were observed in the appendiceal wall (B, D).
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modalities are useful for the diagnosis of an appendiceal
lesion.

Compliance with ethical standards

This study was conducted in accordance with the principles
of the Declaration of Helsinki. This study was reviewed and
approved by the Institutional Ethics Committee of Kawasaki
Medical School (approval number: 6195-00). This article con-
tains no studies involving human participants performed by
any authors.

Patient consent

Written informed consent was obtained from the patient to
publish this case report and any accompanying images.
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