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BACKGROUND:  Appendiceal  diverticulosis  disease  is  a rare entity.  An  perforated  appendiceal  diverticulosis
mimicking  acute  appendicitis  is a  extremely  unusual  surgical  finding  and  the  reported  prevalence  is
between  0.014  and  3.7%.
CASE  REPORT:  We  report  the  case  of  an  elderly  man,  who  presented  with  a typical  clinical  image  of
acute  appendicitis  and  underwent  laparoscopic  surgery.  Intraoperative  an  acute  appendicitis  with  local-
Keywords:
Appendiceal diverticulum perforated
Appendicitis

ized peritonitis  was  identified  and  a laparoscopic  appendectomy  was  performed,  but  pathologic  analysis
demonstrated  a type  2 appendiceal  diverticulitis.
CONCLUSION:  Appendiceal  diverticulosis  disease  should  be  included  in  differential  diagnosis  of  patients
presenting  with  clinical  signs  of an  acute  appendicitis  and  prompt  surgical  treatment  is essential  in  order
to avoid  severe  complications.

©  2020  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of  IJS  Publishing  Group  Ltd.  This  is an  open
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1. Introduction

Appendiceal diverticulosis disease is a rare entity. The first
description was published by the pathologist Kelynack in 1893
[1]. The reported prevalence is between 0.014 and 3.7% [2,3].
The size of most appendiceal diverticulosis is less than 0.5 cm.
Therefore, they can be easily neglected during macroscopic exam-
ination [4]. Acute appendicitis is the most common appendix
disease. Both acute appendicitis and appendiceal diverticulosis can
present with pain in the right lower quadrant, which makes dif-
ferential diagnosis difficult.This condition may  be associated with
neuroendocrine tumours (carcinoids), mucinous adenomas, tubu-
lar adenomas and adenocarcinomas [4]. There is no association
between colon diverticulosis and appendiceal diverticulosis [2].
A case of perforated appendiceal diverticulosis mimicking acute
appendicitis is reported, diagnosed only in postoperative surgery
based on histopathological features.

2. Case presentation
A previously healthy 68-year-old man  presented to the emer-
gency department because of an 5- day history of bandlike lower
abdominal pain. The pain was progressive in severity and was asso-
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iated with constipation and fever. Physical examination revealed
 man  with a toxic appearance in moderate distress with a temper-
ture of 38 ◦C.

The abdomen was soft with bilateral lower quadrant tender-
ess, worse on the right than on the left side. The leukocyte count
as 14 × 109/L The computed tomography CT with intravenous

nd rectal contrast shows the full length of a distended appendix,
ppendiceal wall thickening with enhancement, periappendiceal
ree fluid, findings that indicate appendicitis (Fig. 1Fig. 1,2). Diver-
icula of the sigmoid colon was  highlighted, but without signs of
nflammation.

After the radiological diagnosis the patient was  transferred
o the operating room. Intraoperative an acute appendicitis with
ocalized peritonitis was  identified and a laparoscopic appendec-
omy was  performed, but pathologic analysis demonstrated a
ype 2 appendiceal diverticulitis; histologically, a single appen-
iceal diverticulum was identified, with acute inflammation and
erforation. A neutrophil infiltration was  also identified in the
ppendicular mucosa as a sign of acute inflammation (Fig. 3Fig.
,4,5,6). The patient was treated for 6 days with broad-spectrum

ntravenous antibiotics, and he recovered without complications.

. Discussion
Although acute appendicitis is one of the most common acute
bdominal conditions [12], diverticulosis of the appendix is an
ncommon entity [13]. Similar to diverticula occurring in other
arts of the intestine, these can be classified as congenital or
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Fig. 1,2. Abdominal computed tomography demonstrating enlarged appendix in diameter and periappendiceal free fluid..

endix. Herniation of appendiceal mucosa through muscularis propria in an perforated

Table 1
Four morphological types of diverticular disease of the appendix [2].

Type 1 Appendiceal diverticulitis + normal appendix
Type 2 Appendiceal diverticulitis + acute appendicitis
Type 3 Uncomplicated diverticulum + acute appendicitis

M
t
w
b

Figs. 3,4,5,6. Histological section of appendiceal diverticulum at the tip of the app
diverticulum..

acquired. Congenital diverticula tend to be single and located at the
antimesenteric margin of the appendix, while acquired cases tend
to be multiple and located at the mesenteric border, most com-
monly at the distal third of the appendix and are usually small in
size (2–5 mm).  Several risk factors are associated with acquired
appendiceal diverticulosis. These include male sex, an age older
than 30 years, and a diagnosis of Hirschsprung’s disease or cystic
fibrosis. Patients are typically diagnosed with cystic fibrosis at ado-
lescence (on average at 13 years) and have up to a 14% incidence
of acquired appendiceal diverticulosis [2]. Congenital diverticu-
losis has also been associated with other diseases such as Down
syndrome or Patau syndrome [5]. True diverticulosis, which is

rarer (incidence 0.014%), contains all layers of the intestinal wall
while in acquired cases it lacks a muscle layer [2,6]. The average
age of patients with congenital diverticulosis is 31 years and the
average age of patients with acquired diverticulosis is 37 years.
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Type 4 Uncomplicated diverticulum + normal appendix

ultiple diverticulosis is present in patients with acquired diver-
iculosis, while only one diverticulum has been identified in people
ith congenital diverticulosis [2]. Appendiceal diverticulosis can

e complicated by inflammation and morphologically classified
nto four types depending on whether the inflammatory process

nvolves the diverticulum and/or appendix (Table 1).

In 1989, Lipton et al. [8] reported the morphological classifi-
ation of diverticular disease of the caecal appendix. There are 4
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different types, and type I (classical) is themost frequent, with a
prevalence of around 40–50%.

The perforation of acquired diverticulosis occurs quite easily (up
to 66% of cases) due to the lack of a layer of the muscularis propria.
Congenital diverticulosis have a thick muscle layer (i.e. muscularis
propria) and therefore do not perforate easily (perforation occurs
only in 6.6% of cases). Increased intraluminal pressure in an intra-
abdominal appendix is believed to be the pathological mechanism
underlying the development of acquired diverticula [6].

On examining the pathogenesis of congenital diverticula, Favara
et al. found that trisomy 13 e 21 affected seven of eight con-
genital diverticulum patients [13]. This suggests the importance
of genetic or chromosomal factors. Other possible mechanisms
include failed recanalization of the appendiceal lumen, duplication
of the appendix, remnants of epithelial inclusion cysts in the appen-
diceal wall, failed obliteration of the vitelline duct, and wall traction
caused by adhesions [14].

Hypotheses on the development of acquired diverticula advo-
cate either inflammatory causes or advocate noninflammatory
causes. The inflammation hypothesis states that several episodes
of inflammation or infection lead to atrophy of lymphoid tis-
sues, resulting in a weaker and thinner residual wall [2]. The
noninflammation hypothesis holds that increased intraluminal
pressure causes acquired diverticula to develop [2]. The combina-
tion of luminal obstruction and muscular contractions drive this
development. Secondary obstructions after inflammation, stric-
ture, fecaliths, and tumors cause increases in muscular activity and
luminal pressure [2]. Nearly 60% of diverticula are located in the
distal third of the appendix [4].

Diverticules accompanying epithelial neoplasms have been
reported in literature. Dupre et al. [4] demonstrated a statistically
significant association between the presence of diverticulosis of the
vermiform appendix and neoplasms (47.8%), especially carcinoid
tumours and mucinous adenomas [8]. In the Medlicott and Urban-
ski series, a primary appendiceal neoplasm was detected in 30%
of acquired diverticulosis cases [7]. In the study of Lamps et al.
diverticules were determined in 8 out of 19 patients with low-
grade mucinous neoplasm (LGMN) (42%) [9]. Marcacuzco et al. in
their study reported appendiceal neoplasm in 7.1% [11] of a total of
42 (0.59%) patients with appendix-associated diverticulum. In the
study Pasaglou et al. [10] they found accompanying diverticula in
23 out of 38 cases of LGMN (60.5%). The diverticula were coated
with neoplastic epithelium in all cases. One of the reasons for this
coexistence could be the increased intraluminal pressure caused by
the production of mucin, which thinned the musculature itself and
caused the mucinous epithelium to proliferate through weak points
where vessels penetrate. The other possible cause is the develop-
ment of LGMN in the pre-existing diverticulum. Also in the Pasaglou
study [10] pools of serosal and/or mesoappendicular mucin were
detected in 78.3% of cases with diverticulum and 33.3% of NGMLs
without diverticula, and this difference was statistically signifi-
cant. Detecting the accumulation of mucin on the mesoappendix
in cases of LGMN with diverticulum more frequently, has led to the
hypothesis that diverticulosis may  play a role in the pathogenesis
of periappendicular mucin deposition and peritoneal pseudomyx-
oma. The rupture of a diverticulum may  cause mucin losses in the
intraabdominal space and may  be the basis for the development of
a pseudomyxoma.

There are very few studies that study the relationship between
diverticulum rupture in LGMNs and pseudomyxoma peritoneas.
In the study by Lamps et al. the accumulation of acellular mucin
was detected around the inflamed and perforated diverticulum in

three out of eight LGMNs. However, no accumulation of mucin was
observed on the serosal surface or mesoappendix [9]. Of the 13
cases reported by Pasaglou, which showed mucin accumulation on
the mesoappendix and monitored over a period of eight months
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o seven years, none developed pseudomyxoma peritoneum. In
he study by Lamps et al., diverticulum rupture was related to
seudomyxoma peritoneum in only one case [9]. The incidence
f neoplasms associated with diverticular disease was  7.1% in the
tudy by Marcacuzo et al. [11]. Moreover, there are studies, such
s the article by Stockl et al., that report a 42% association between
he presence of Schwann cell proliferation in the mucosa and the
resence of appendiceal diverticulitis [20]. Distinguishing appen-
icular diverticulitis from acute appendicitis is difficult; however,
ome differences have been observed. Compared to appendicitis
ymptoms, symptomatic appendicitis diverticulitis has a longer
uration of pain (1–14 days); it develops mainly in adults (over
0 years of age); it has a lower frequency of accompanying abdom-

nal pain, nausea and vomiting; and it has a greater presence of pain
n the right lower abdominal quadrant [2,15]. The complications of
ppendiceal diverticulitis vary from chronic pain, acute inflamma-
ion and perforation to the risk of developing neoplasms [7]. It is
urious that the age and incidence of perforation of an inflamed
iverticulum are greater in type I than in the rest. 42% of low-
rade mucinous neoplasms of the appendix are associated with
his disease, so it is therefore recommended that all appendectomy
pecimenss that present diverticula be thoroughly examined to
xclude concomitant neoplastic disease [16–18]. Image studies can
acilitate preoperative diagnosis. However, CT imaging results (e.g.,
ppendecular thickening, pericardial inflammation, abscess, phleg-
one and increased pericardial fat density) have not sufficiently

istinguished appendecular diverticulitis from cecal diverticulitis
r appendicitis [13]. Many authors believe that multidetector CT
an be very useful because it has detected acute appendiceal diver-
iculitis in 86% of cases with pathologically confirmed appendiceal
iverticulitis [19,20]. According to other authors [21,22], preoper-
tive imaging tests do not contribute to the definitive diagnosis
ecause the diagnosis is mainly determined by the histological
tudy.

. Conclusion

In conclusion, appendiceal diverticulosis disease is generally an
ccidental finding. Appendiceal diverticulosis debuts with abdom-
nal pain in the right iliac fossa, with symptoms in the acute phase
hat are indistinguishable from those of acute appendicitis.

The preferred treatment is appendectomy. For symptomatic
ppendiceal diverticulosis, an appendectomy is the optimal treat-
ent. Regardless of whether or not patients have symptoms, most

urgeons suggest prophylactic appendectomy because, even in
atients without symptoms, the risk of perforation and mortality is
igher in these patients than in the general population [2]. The per-

oration rate of appendicitis diverticulitis is four times higher than
he perforation rate of acute appendicitis [2]. The mortality rate
s 30 times higher in patients with perforated appendicitis com-
ared to patients with uncomplicated appendicitis [2]. In addition,
here may  be a risk of developing peritoneal pseudomyxoma in
ome patients with appendiceal diverticulosis as they have a higher
ncidence of appendiceal mucinous tumors. Laparoscopic appen-
ectomy is considered a safe and appropriate treatment for simple
ppendiceal diverticulitis.

CARE checklist

The work has been reported in line with the SCARE checklist
23].
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