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INTRODUCTION: Appendiceal mucoceles encompass neoplastic and non-neoplastic causes of a distended
Appendix filled with mucus. Appendectomy is recommended when an appendiceal mucocele is identified,
incidentally or otherwise, in the event it is secondary to a malignancy. For an intact mucocele, it is critically
important to avoid rupturing the mucocele during resection, as rupture of a neoplastic mucocele can result
in pseudomyxoma peritonei, or mucin deposits in the peritoneum, which is associated with long-term

ﬁyworc:s: morbidity and mortality. For this reason, laparotomy is the traditionally recommended surgical approach
ucocele for treatment.
Appendix

PRESENTATION OF CASES: In our case series, we describe two patients, a 49-year-old woman and a 79-year-
old man, with incidentally identified appendiceal mucoceles. These patients were successfully treated
with minimally invasive approaches to appendectomy, one with a robotic approach and one with a
hand-assisted laparoscopic approach. The mucoceles were removed without rupture, and both patients
recovered well postoperatively without complication.

DISCUSSION: While laparotomy is the traditionally recommended surgical approach for resection of
appendiceal mucoceles, certain minimally invasive techniques allow for safe removal of the mucoceles
while minimizing the morbidity of laparotomy.

CONCLUSION: Minimally invasive approaches to appendenctomy, specifically the robotic-assisted
approach and the hand-assisted laparoscopic approach, can be considered for safe resection of appen-

diceal mucoceles.
© 2017 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Appendiceal mucocele is a rare diagnosis, accounting for less
than 1% of appendiceal pathologies [1]. The term “mucocele” is
nonspecific and describes a distended Appendix whose lumen is
filled with mucus but does not represent a pathological description.
Mucoceles of the Appendix are diagnosed incidentally about 50%
of the time [ 1], often as a result of imaging for synchronous malig-
nancies or benign conditions. Symptoms of mucoceles can include
abdominal pain or mass, weight loss, nausea, or a change in bowel
habits [2]. In addition, patients with a mucocele may present with
appendicitis, intussusception, appendiceal torsion, gastrointestinal
bleeding, orincreasing abdominal girth from rupture of a neoplastic
mucocele [1]. Traditionally, resection is recommended for muco-
celes, as it can be unclear from imaging which mucoceles harbor
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malignancy. However, resection must be done with caution, as the
rupture of a neoplastic mucocele can give rise to pseudomyxoma
peritonei, or the deposition of mucin throughout the peritoneal cav-
ity, which can result in significant morbidity from mucinous ascites
and bowel obstruction [1]. Due to this concern for rupture, open
resection through laparotomy has been advocated [2].

There have been case reports and case series describing the use
of standard laparoscopy for appendiceal mucoceles [3-7], although
there is reticence to adopt this technique due to the technical
difficulty of performing a laparoscopic appendectomy without
causing iatrogenic rupture. We present two patients with appen-
diceal mucoceles who were successfully resected using minimally
invasive approaches other than standard laparoscopy at a tertiary
cancer center by surgical oncologists with significant experience
with these approaches. One was resected with a hand-assisted
laparoscopic technique and the other with a robotic-assisted tech-
nique. Both methods allowed for safe removal of the mucoceles
without rupture, while minimizing hospital stays and morbidity
from laparotomies. This case series is compliant with the SCARE
and PROCESS guidelines [8,9].

2210-2612/© 2017 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license (http://
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Fig. 1. Computed tomography of the abdomen demonstrating a cystic mass in the
right lower quadrant.

2. Presentation of cases
2.1. Case 1

An otherwise healthy 49-year-old woman presented to her
primary care physician with low-grade fevers and elevated liver
function tests. She underwent abdominal ultrasonography to assess
for a biliary etiology of her symptoms and was found to have an
incidental pelvic cystic mass. After her liver function tests had
returned to normal levels, she saw a gynecologic oncologist for fur-
ther workup. Transvaginal ultrasonography demonstrated a large
right ovary at 8.3 cm in maximum dimension, with a complex cys-
tic mass measuring 7.2 cm. Due to a concern for malignancy, her
gynecologist ordered a computed tomography scan, which identi-
fied an appendiceal mass (9.5 x 3.7 cm) with no other abnormalities
(Fig. 1). CEA and CA 125 were within normal limits. She was then
referred to surgical oncology. A colonoscopy identified a tumor at
the appendiceal orifice, which was found upon biopsy to contain
intestinal mucosa with hyperplastic changes, without evidence of
dysplasia or carcinoma (Fig. 2). With the diagnosis of appendiceal
mucocele, she was offered a laparoscopic appendectomy. At the
time of the operation, there was some difficulty visualizing the base
of the Appendix clearly, and given the size and somewhat tenuous
tissue harboring the mucocele, a hand port was placed. This allowed
the cecum to be mobilized and the base of the Appendix to be clearly
identified during careful manipulation of the Appendix and muco-
cele. The cecum was divided just distal to the appendiceal base, to
ensure removal of the entire mass. The Appendix was maintained
intact, and there was no spillage of mucin during the operation.
There was also no evidence of mucin deposits on exploration. The
patient was discharged in good condition and experienced no com-
plications. Final pathology demonstrated a low-grade mucinous
neoplasm with copious mucin production, negative margins, and
no invasive component.

Fig. 2. Colonoscopic findings of the appendiceal mass protruding through the
appendiceal orifice into the cecum.

Fig. 3. Computed tomography of the abdomen demonstrating a cystic mass in the
right lower quadrant.

2.2. Case2

A 79 year-old man, with a history of intraductal papillary muci-
nous neoplasm of the pancreas, melanoma, and prostate cancer,
was undergoing surveillance for his previous cancers when he
was identified on computed tomography to have a 2.2 x2cm
lesion abutting his appendix (Fig. 3). He was asymptomatic. He
had undergone a colonoscopy in 2014, which had not identified
any malignancy. CEA and CA 19-9 were within normal limits.
He was offered a robotic appendectomy. There was no evidence
of intraperitoneal mucin deposits. The robotic approach allowed
the Appendix to be meticulously dissected and the base of the
Appendix to be clearly identified without manipulating the appen-
diceal mucocele itself. The cecum was divided just distal to the
appendiceal base, again to ensure removal of the entire mass. The
specimen was intact and not ruptured (Fig. 4). The patient was dis-
charged in good condition without complications. Final pathology
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Fig. 4. Pathologic sectioning of the masses, with mucus noted extruding from the
masses. (a) Case 1 and (b) Case 2.

demonstrated a low-grade mucinous neoplasm in the background
of a serrated adenoma, with no evidence of dysplasia or carcinoma.

3. Discussion

In this report, we present two patients with appendiceal
mucoceles, both of which were identified incidentally. Each
patient’s appendectomy was successfully performed using mini-
mally invasive approaches, and neither mucocele was disrupted. In
addition, the potential morbidity of the traditionally recommended
approach of laparotomy was minimized with the use of minimally
invasive approaches.

Mucoceles represent a variety of histologies, both neoplas-
tic and non-neoplastic, that can result in a dilated, mucus-filled
appendix. Historically, mucoceles are described as arising from four
different processes. Benign causes of mucoceles include mucosal
hyperplasia or a simple cyst secondary to obstruction by a fecalith
or stricture. Neoplastic causes include mucinous cystadenomas,
which are noninvasive, and mucinous cystadenocarcinomas, which
are malignant. Simple cysts represent about 25% of mucoceles,
hyperplasia and mucinous cystadenomas each represent about
33%, and mucinous cystadenocarcinomas represent 5%-10% [1].
Despite their rarity, mucinous cystadenocarcinomas account for
37% of appendiceal neoplasms [10]. There is a female predomi-
nance to cystadenocarcinomas (as opposed to other appendiceal
neoplasms), and diagnosis is typically in the seventh decade [1].

There have been inconsistencies in the literature in the
description and reporting of mucinous appendiceal neoplasia and
pseudomyxoma peritonei. A recent international Delphi consensus
was convened to better clarify and standardize these definitions
[11]. The consensus for appendiceal tumors was that the term

“cystadenoma” should no longer be used. “Mucinous adeno-
carcinoma” should be used to describe mucinous tumors with
infiltrative invasion, “low-grade appendiceal mucinous neoplasm”
is now used to describe tumors with spreading growth but with-
out destruction, “high-grade appendiceal mucinous neoplasm”
describes tumors with low-grade architectural features but high-
grade cytological features, and “signet ring carcinoma” describes
tumors with over half of cells demonstrating signet ring morphol-
ogy [11]. The term “pseudomyxoma peritonei” is used in reference
to the presence of mucinous deposits in the peritoneal cavity
secondary to a mucinous neoplasm and can have low-grade, high-
grade, or signet ring cell histological features [11].

Imaging characteristics are relatively consistent and can help in
developing a diagnosis prior to an operation. Computed tomog-
raphy scan can distinguish cystic masses associated with the
Appendix or cecum from other cystic masses, such as ovarian
masses. Neoplastic processes tend to be larger, measuring at least
2cm [2]. Calcification of the wall of the mucocele may be seen
[12], with neoplastic processes being suggested by irregularity or a
solid component of the wall. A cystic mass can be noted on ultra-
sonography, often with wall calcification. Peritoneal deposits and
omental thickening, with or without associated ascites, may be seen
ifthere is pseudomyxoma peritonei. If the patient is presenting with
appendicitis, signs of inflammation or gas bubbles may be seen[12].
Mucoceles of the Appendix can also be identified on colonoscopy.
Cecal masses described as submucosal or extrinsic in the region of
the appendiceal orifice are often seen [13].

Resection is recommended when identified (whether inciden-
tally or not) due to the potential for the mucocele to harbor a
neoplasm. It is imperative during resection to avoid rupture of the
mucocele and potential spillage of mucin in the peritoneal cav-
ity, which can result in pseudomyxoma peritonei with associated
morbidity and mortality. The 5-year survival rate for mucinous
cystadenocarcinoma is 32%-58% [10], although once it has pro-
gressed to pseudomyxoma peritonei, survival is reported at 23%
[1]. However, with newer techniques, including the use of cytore-
ductive surgery and heated intraperitoneal chemotherapy, 10-year
survival can improve to close to 50% [14]. Appendectomy is rec-
ommended for non-neoplastic causes of mucocele as well. A more
extensive right hemicolectomy is additionally recommended for
patients with mucinous adenocarcinoma without peritoneal dis-
ease, to obtain negative margins and remove potentially involved
lymph nodes. Once there is evidence of peritoneal disease, right
hemicolectomy no longer offers a survival benefit and is not rec-
ommended [2].

Historically, laparoscopy has been considered a contraindica-
tion for the surgical treatment of appendiceal mucoceles. This is
due to reports of patients undergoing laparoscopic appendectomy
for intact mucoceles who later developed peritoneal implants, sug-
gesting that maintaining the integrity of the wall of the mucocele
is challenging [15]. In addition, some authors have recommended
laparotomy for improved exploration of the abdomen for mucin
deposits [2]. However, several case reports and small case series
have described laparoscopy for appendiceal mucoceles without
intraoperative rupture of the mucocele [3-7], although there is lim-
ited data on long-term recurrence. While none of the cases reported
resulted in rupture of the mucocele, it is possible that unre-
ported cases exist which involve rupture. The surgical approaches
used in the current study, namely hand-assisted laparoscopy and
robotic-assisted laparoscopy, have specific benefits over standard
laparoscopy that may allow for safer, atraumatic removal of the
Appendix for this particular pathology. Hand-assisted laparoscopy
allows a hand to aid in dissection intraperitoneally, providing tac-
tile sensation, as well as a less traumatic method to grasp tissues
than with instruments [16]. This potentially decreases the risk of
mucocele rupture, particularly for cases as the one presented with



CASE REPORT - OPEN ACCESS

16 S.T. Orcutt et al. / International Journal of Surgery Case Reports 37 (2017) 13-16

large cystic masses with distended and tenuous walls and distorted
anatomy. Robotic-assisted surgery allows for improved dexterity,
with wrist-like motion of the instruments and a three-dimensional
camera [17], again offering the potential for a safer resection. With
these minimally invasive approaches, both patients in the current
report were able to undergo successful appendectomies, with neg-
ative margins and no disruption of the mucoceles.

4. Conclusion

In conclusion, appendiceal mucocele is a nonspecific term that
encompasses a range of diagnoses, including neoplastic and non-
neoplastic causes of appendiceal dilation and mucin production.
Resection is recommended for mucoceles due to their potential for
malignancy. It is imperative to maintain the integrity of the muco-
cele wall to prevent the risk of pseudomyxoma peritonei. Although
laparoscopy has traditionally been considered contraindicated for
appendectomy for mucoceles due to the risk of perforation, we
have presented two alternative minimally invasive approaches:
hand-assisted laparoscopy and robotic-assisted laparoscopy. These
approaches afford similar benefits to laparoscopy, while being
potentially safer and allowing for the effective surgical treatment
for patients with appendiceal mucoceles.
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