
Rezumat

Boala diverticulară apendicială (BDA) este de obicei
diagnosticată histologic. Lucrarea noastră îşi propune să inves-
tigheze implicaţiile BDA în comparaţie cu apendicita acută (AA).

Am efectuat o colecţie de date retrospective a pacienţilor
care au suferit o apendicectomie în trei spitale terţiare din
Australia de Vest în perioada 2009-2019, şi a inclus pacienţi cu
diagnostice histopatologice de BDA şi AA.

Au fost incluşi treizeci şi şapte de pacienţi cu BDA şi
patruzeci cu AA. Vârsta medie în grupul BDA a fost semnificativ
mai mare (p<0,001) la 50,1 comparativ cu grupul AA (37,3).
Numărul mediu de celule albe (WCC) din grupul BDA a fost mai
mic decât în grupul AA (11 x 109 / L vs. 13,3 x 109 / L, p<0,001), în
timp ce nivelul proteinei C-Reactive (CRP) a fost mai mare, deşi
nu statistic semnificativ. Grupul BDA a prezentat un risc mai
mare de intervenţie chirurgicală majoră (p<0.05) şi complicaţii,
cum ar fi perforaţia apendiceului şi masa apendiceală (p<0.05).
Colonoscopia postoperatorie a demonstrat, de asemenea, o 
incidenţă mai mare de polipi la pacienţii cu BDA (19% faţă de
2,5%, p<0,001).

BDA se prezintă frecvent cu caracteristici clinice imper-
ceptibile, în compara ie cu AA. Studiul nostru demonstrează că
BDA este asociat cu rate mai mari de perforaţie apendiceală, polipi
şi malignitate. Recomandăm ca pacienţilor cu BDA să fie 
îndruma i spre efectuarea unei colonoscopii post-operatorii pentru
a exclude malignitatea.
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Introduction

Appendiceal diverticular disease (ADD) is an
uncommon entity that is not typically recog-
nized clinically or even intra-operatively due
to it frequently mimicking the presentation of
acute appendicitis (AA). Following its first
description in literature by pathologist
Kelynack in 1893, ADD has since been further
investigated and classified into congenital and
acquired types (1,2). The congenital form of
ADD is associated with genetic mutations
such as trisomy 13 and 15 and involves all 
layers of the muscularis propria, as opposed to
the more prevalent acquired subtype of 
ADD, which is defined as herniation of the
appendiceal mucosa through the muscularis
mucosa layer at points of low resistance at the
vascular hiatus (3,4).

Its incidence has been described to range
between 0.004-2.1% of appendicectomy 
histology sections and  0.2-1.89% of autopsy
specimens (5). Despite ADD being a lesser
known diagnosis with little attention paid to
the clinical implications, this condition is not
indolent with studies demonstrating an
association with a higher risk of perforation

and neoplasms, such as primary appendiceal
carcinoma, neuroendocrine tumors and
mucinous adenomas (6,7,8). 

With the difficulties encountered in diag-
nosing ADD pre-operatively either clinically,
via imaging modalities or intra-operatively,
more studies are required to raise awareness
amongst clinicians of this diagnosis. In our
retrospective study, we analyzed the patient
demographics, biochemical results, imaging
and histopathology in patients diagnosed with
ADD and compared data in this group with
patients who were diagnosed with AA to inves-
tigate the differences and potential clinical
implications of this condition.

Material and Method

The combined pathology department database
of three major tertiary hospitals was searched
for consecutive cases of appendiceal diverticu-
la over a ten-year period (2009-2019). The
pathology records were then reviewed to
assess if they met inclusion and exclusion cri-
teria. Inclusion criteria was set as all patients
aged over 15 with pathologically confirmed
appendiceal diverticulum regardless of
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Appendiceal diverticular disease (ADD) is typically a histological diagnosis. Our paper

aims to investigate the implications of ADD compared to acute appendicitis (AA).
We conducted a retrospective data collection of patients who had undergone an appen-

dicectomy in three tertiary hospitals across Western Australia between 2009-2019 and included
patients with histopathological diagnoses of ADD and AA.

Thirty-seven patients with ADD and forty with AA were included. The mean age in the
ADD group was significantly older (p<0.001) at 50.1 compared to the AA group (37.3). The mean
white cell count (WCC) in the ADD group was lower than the AA group (11x109/L vs. 13.3x109/L,
p<0.001), whereas the C-Reactive Protein (CRP) level was greater, although not statistically 
significant. The ADD group had a greater risk of major surgery (p<0.05) and complications such 
as appendiceal perforation and appendiceal mass (p<0.05). Post-operative colonoscopy also demon-
strated a higher incidence of polyps in patients with ADD (19% vs. 2.5%, p<0.001). 

ADD frequently presents with clinical features indiscernible from AA. Our study
demonstrates that ADD is associated with higher rates of appendiceal perforation, polyps and
malignancy. We recommend that patients with ADD be advised to have a colonoscopy post-opera-
tively to rule out underlying malignancy.
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inflammation status. Exclusion criteria were
children aged under 15 years and any cases
where the appendiceal diverticulum was not
confirmed on pathology. Individual patient
records were then reviewed by the authors.
Data collected included patient demographics,
biochemical results on presentation and
pathological findings including the subtype of
diverticula. In addition, patient management
and operative records were reviewed for the
type of operation, operative findings and if a
diverticulum was suspected. Length of stay
data and follow-up data including colonoscopy
results and presence of malignancy was also
collected. This formed the appendiceal diver-
ticula group (ADD). To allow for comparison a
similar number of pathologically confirmed
acute appendicitis patients were identified.
These were consecutive patients, aged greater
than 15, from the same hospitals over an
approximately three-month period and formed
the control acute appendicitis (AA) group. The
data was collected into Microsoft Excel
(Redmond, USA) and statistical analysis was
performed with ANOVA and T-Test to compare
the ADD group to the AA group. Statistical 
significance was defined as p <0.05. The study
was registered with the appropriate institu-
tional quality improvement body and provided
with a waiver of consent.

Results

A total of 43 patients were originally identified
during the study period with 37 meeting the

inclusion and exclusion criteria forming the
ADD group. To allow for comparison, 40 
control patients were recruited to the AA
group.  The age of the ADD group was 
significantly higher (mean 50.1, range 15-90) 
compared to the AA group (mean 37.3, range
16-83) p<0.01. There was a male pre-
dominance (62.1% male vs 37.9% female) in
the ADD group compared to the AA group
(52% vs 48%). The number diagnosed per year 
varied between zero to nine with an average of
3.4 diagnosis per year.

Biochemically, the presentation white cell
count (WCC) was significantly lower in the
ADD group (mean 11.1 range 5.2-17.2) 
compared to the AA group (mean 13.3, range
5.8-23.1) p<0.01. The C-Reactive Protein (CRP)
although higher in the ADD group (mean 91.9,
range 1-380 vs mean 68.1, range 1-410) was not
statistically significant (p>0.05). 

The use of imaging was comparable
between the two groups with twenty patients
having computerised tomography (CT), four
ultrasound scan (USS) and thirteen having no
scans in the ADD group versus twenty-one
patients with CT, eight with USS, and eleven
had no scans in the AA group. The use of 
imaging did not result in any diagnosis of
appendiceal diverticula with the imaging
reporting a diagnosis of uncomplicated appen-
dicitis (14 patients), appendicitis with abscess,
collection or phlegmon (6 patients) or perforated
appendicitis (4 patients). The basic demo-
graphic and investigation results are 
summarised in .

Table 1. Basic demographics

Appendiceal Diverticular Disease Acute Appendicitis control group p value
(ADD) (AA)

Number 37 40
Male 23 (62%) 21 (52%)
Female 14 (38%) 19 (48%)
Age 50.1 (15-90) 37.2 (16-83) p<0.001
White cell count (WCC) 11 (5.2-17.2) 13.3 (5.8-23.1) p<0.001
C-reactive protein (CRP) 91 (1-380) 68 (1-410)
Computed tomography (CT) 20 21
Ultrasound 4 8
No pre-op imaging 13 11
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In terms of management, there were a
range of operations performed which were 
categorised into laparoscopic appendicectomy,
laparoscopic bowel resection, laparoscopic
washout, open appendicectomy, open bowel
resection or others. In the ADD group, twenty-
nine patients underwent a laparoscopic
appendicectomy (78%), three underwent
laparoscopic bowel resection (8%), one patient
had a laparoscopic washout (2.7%), two
patients had an open appendicectomy (5%),
two patients had open bowel resection (5%)
and one patient was categorized as ‘other’
(2.7%). In the AA group, thirty-eight patients
underwent a laparoscopic appendicectomy
(95%), one had a laparoscopic washout (2.5%)
and one patient had an open appendicectomy
(2.5%). This difference in the operative 
management was statistically significant
(p<0.05). The operative details are 
summarised in .

The use of intra-venous antibiotics was
comparable between groups (75% in ADD
group vs 80% in AA group). Patient hospital
length of stay was also comparable at mean
4.7 in ADD group (range 2-28) vs 3.7 in AA
group (range 2- 9; p>0.05)

The pathology records were then further
examined. In the ADD group there were 
sixteen patients with acute uncomplicated
appendicitis (43.2%), eleven with perforation
(29.7%), four with uninflamed appendix
(10.8%) and three with an appendiceal mass
(8.1%). This is in comparison to the AA group
consisting of thirty uncomplicated appendicitis
(75%) and ten perforated appendixes (25%). On
comparing the groups, the risk of a complicated
appendicitis with either mass or perforation was
significantly higher in the ADD group (p < 0.05).
The subtype of appendiceal diverticula was
also recorded with Type 1 (a normal appendix
and acutely inflamed diverticulum) occurring

Table 3. Follow up

Appendiceal Diverticular Acute Appendicitis control group p value
Disease  (ADD) (AA)

Colonoscopy 15 (40.5%) 4 (10%)
Colonic Diverticular disease 
Total 13 (35.1) 1 (2.5) p<0.01
Diagnosis on imaging 4 0
Diagnosis on colonoscopy 9 1
Colonic polyp 7 (19%) 1 (2.5%) p<0.001
Malignancy 7 (19%) 1 (2.5) p<0.01

Table 2. Operative details

Appendiceal Diverticular Acute Appendicitis control group p value
Disease  (ADD) (AA)

Operation Type p<0.05
Laparoscopic appendix 29 (78%) 38 (95%)
Laparoscopic bowel resection 3 (8%)
Laparoscopic washout 1 (2%) 1 (2.5%)
Open appendix 2 (5%) 1 (2.5%)
Open bowel resection 2 (5%)
Other 1 (2%)
Operative Findings p<0.05
Uncomplicated appendicitis 15 (43%) 30 (75%)
Perforated appendix 11 (29%) 19 (25%)
Appendiceal mass 3 (8%)
Non-inflamed appendix 4 (11%)
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in eight cases (21.6%), type 2 (an acutely
inflamed diverticulum with appendicitis) in
thirteen cases (35.1%), type 3 (conventional
appendicitis with uninflamed diverticula) in
nine cases (24.3%) and type 4 (an incidental
diverticulum without appendicitis) in seven
cases (18.9%). An interesting observation
made from the pathology was that the appen-
diceal diverticuli were predominantly found at
the tip of the appendix, frequently on further
sections ( ).

The presence of concomitant colonic 
diverticula was found in thirteen patients
with ADD (35.1%) compared to only one
patient in the AA group (2.5%) (p<0.01). 

Follow up colonoscopy was performed in 
fifteen patients (40.5%) in the ADD group but
only four patients (10%) of the AA group.  In
the ADD group, findings included seven
patients with polyps (18.9% of total ADD
group) compared to only one polyp in the AA
group (2.5% total AA group). This was statisti-
cally significant (p<0.001). 

The rate of abdominal malignancy was
also investigated in both groups. In the ADD
group, a total of 7 patients with malignancy
were identified (18.9%) comprising of 3
appendiceal mucinous neoplasm, 3 colonic
neoplasm and 1 ovarian-related neoplasm.
This is in comparison to only 1 patient (2.5%)
in the AA group who was found to have an
ovarian malignancy. This difference was also
statistically significant (p<0.01). Follow-up
results are summarised in .

Discussion

Acute appendicitis is a common cause of
acute right iliac fossa pain. However, other
differentials that could cause similar signs
and symptoms should be considered, such as
the possibility of appendiceal diverticular
disease. The difficulty with diagnosing ADD
stems from its similar presentation to AA
and indeed it is mostly a post-operative 
histological diagnosis. As such ADD is also
often overlooked and erroneously thought to
be a variant of AA with minimal clinical
implications. The aim of this paper is to
increase clinician awareness about ADD, as
well as the potential complications that
could arise, in particular the potential asso-
ciation with lower GI malignancy.

Lipton et al classified ADD into four major
morphological subtypes ( ) (9). Type 1
being diverticulitis with a normal appendix,
Type 2 involves diverticulitis with appendicitis,
Type 3 represents the presence of a non-
inflamed diverticulum with associated appen-
dicitis, and finally Type 4 is a non-inflamed
diverticulum with a normal appendix (10,11).
We applied this classification system to our
study and observed that the majority of cases
were of the second subtype. This is in contrast
to the literature that quotes Type 1 to be the
commonest of the four major morphological
subtypes (12).

The pathophysiology of the formation of
ADD is poorly understood. There are several
theories that have been hypothesized to
explain the mechanisms forming acquired
ADD and are broadly classified into inflam-
matory vs. non-inflammatory (12). Cases of
ADD caused by inflammation result in a 
narrower lumen, followed by weakening and
thinning of the intestinal wall, and sub-

Table 4. Classification of appendiceal diverticular disease

Histopathology findings No. of cases
Site of diverticula

Tip 23
Middle 3
Base 0
Along length of appendix 2
Not specified 9

Diverticuli found on
Macroscopic examination 25
Microscopic examination 12

Table 5. Classification of appendiceal diverticular disease.

Type 1 Acute diverticulitis with a normal appendix
Type 2 Acute diverticulitis with acute appendicitis
Type 3 Non-inflamed diverticulum with associated acute

appendicitis
Type 4 Non-inflamed diverticulum with a normal appendix



Chirurgia, 115 (3), 2020 www.revistachirurgia.ro 353

Appendiceal Diverticular Disease: A 10-year Retrospective Study of Cases from Tertiary Hospitals in Western Australia

sequently, an increased risk of mucosal 
herniation or formation of appendiceal diver-
ticulum (12,13,14). In non-inflammatory
causes, the formation of ADD often followed
the effect of increased intra-luminal 
pressure secondary to multiple factors
including intra-luminal obstruction by
fecaliths, polyps, or previous inflammation
(12,14). Another significant non-inflammatory
cause of ADD to consider is in cystic fibrosis
patients where there are an increased 
number of goblet cells and secretions in the
vermiform appendix (12,15,16). George DH
reported that the incidence of appendiceal
diverticulosis was found to be 14% in
patients with cystic fibrosis as opposed to
the incidence of this condition in the general
population that has been quoted to be
between 0.004-2.1% of appendicectomy 
histology sections (17).

Patients who have underlying appendiceal
diverticula are typically asymptomatic or have
a more indolent course. In 2013, Sohn et al.
compared the clinical characteristics of
patients who were diagnosed with AA to those
diagnosed with appendiceal diverticulitis (16).
ADD has previously been reported to occur in
older patients, typically in the fourth to fifth
decade of life. Their results demonstrated that
patients with ADD were typically of the older
age group, with the mean age of 49.0 ±15.2 as
opposed to 25.4±14.2 in the appendicitis group
(16). Our study yielded results consistent with
the literature, with the average age of patients
with appendiceal diverticulitis being 50.1 in
contrast to an average age of 37.3 in the acute
appendicitis group (p<0.01), thus making this
an important risk factor to consider. Some 
literature described the male gender to be a
risk factor, however we did not demonstrate a
statistically significant difference with the
diagnosis of ADD in males versus females, and
this was similar to Sohn et al.’s findings
(3,12,16,18,19).

As discussed, the pre-operative diagnosis of
ADD is difficult however there are certain
investigations that could indicate a greater
likelihood of ADD as opposed to AA. In terms
of biochemical markers, we found that the

WCC of patients with ADD was significantly
lower with the average value of 11.1 x 109/L
compared with AA who had an average WCC
of 13.3 x 109/L (p<0.01). The CRP value in
ADD patients was also higher than those with
AA. Albeit not statistically significant in our
patient cohort, a higher CRP value along with
the lower WCC in ADD patients has been
shown to be significant in current literature,
potentially indicating that patients with
appendiceal diverticulitis have had a longer
duration of underlying inflammation than
patients with AA (20,21).

Imaging modalities such as USS and CT
utilized for further investigations in patients
with right lower quadrant abdominal pain are
not specifically targeted to identify ADD as it
remains a pathological diagnosis at this stage.
The first documented suspicion of appendiceal
diverticular found on CT was in 2004 (18).
Yardimci et al.’s retrospective study of CT 
findings of 24 acute appendiceal diverticulitis
cases reported that the presence of peri-
appendiceal fat stranding, a larger appen-
diceal diameter (12.5±2.0 mm vs. 10.4±2.9 mm
in the non-appendiceal diverticulitis group)
( ), as well as the presence of peri-
appendiceal loculated fluid were statistically
significant features of appendiceal diverticulitis

Figure 1. Axial slice of CT abdomen demonstrating appendicitis
with a diameter of 20mm with surrounding 
inflammatory stranding.
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(22). Patil AY’s case report states that the 
diagnosis of appendiceal diverticulitis can be
suspected if ≥ 1 microabscesses were present
on CT, with the additional features of an
enhancing rim accompanied by a hetero-
genous hypodense centre, as well as localized
fat stranding (23). A recent article published in
the Japanese Journal of Radiology that 
studied CT findings of a total of 388 patients
with AA and ADD between 2009 and 2014
identified that a potential indicator of ADD
was peri-appendiceal or peri-caecal fluid 
collection (24). Interestingly, Osada et al. stated
that multi-detector CT (MDCT) had the poten-
tial of diagnosing appendiceal diverticulitis in
up to 86% of cases that were confirmed on
histopathological sections (25).  In terms of
sonographic findings, a more prominently
thickened appendiceal wall, the presence of
air in the appendix as well as pouch-like 
projections thought to be meosappendiceal
inflammatory changes were thought to 
distinguish ADD from AA in a case report by
Kubota et al (26).

There are several clinical implications
known to arise from ADD that should be
emphasized, in particular appendiceal perfo-
ration and malignancy. Previous authors have
indicated that the risk of perforation of the
appendix in patients with ADD is up to four
times more likely than in patients with AA,
increasing the mortality rate by 30-fold
(3,9,14,27). In our study, the presence of perfo-
rated appendix and incidental intra-operative
finding of an appendiceal mass were greater in
the appendiceal diverticula group as opposed
to the AA group (p<0.05).

In regard to malignancies, Ng et al.’s report
described a case of primary appendiceal 
adenocarcinoma presenting with a perforated
appendiceal diverticulitis (28). Kallenbach et
al.’s study of appendix specimens found 43.6%
of the 39 appendiceal diverticula specimens
had an underlying appendiceal neoplasm, and
Chan et al.’s Australian study reported that
patients who had ADD were up to ten times
more likely to have an underlying appendiceal
neoplasm (29,30). In our data the incidence of
malignancy in our ADD group was shown to

be in 18.9% of the 37 appendicectomy 
specimens, statistically higher than in the AA
group which had an incidence of 2.5%
(p<0.01). Our data showed not only appen-
diceal neoplasms but also colonic neoplasm
and ovarian neoplasm. Dupre et al.’s study
found 48% of the 23 appendicectomy speci-
mens that had features of diverticulosis had
an appendiceal malignancy and stressed the
lack of emphasis in surgical pathological 
textbooks or teachings, thus exemplifying the
need for thorough histopathological examina-
tions of appendicectomy specimens to prevent
overlooking or missing this diagnosis (31).

A post-operative colonoscopy was per-
formed in 15 patients (40.5%) in the ADD
group but only in 4 patients (10%) of the AA
group. 18.9% of patients in the ADD group had
colonic polyps on colonoscopy as compared to
2.5% of the AA group (p<0.001). At present,
there are no studies suggesting an association
between ADD and colonic polyps, making our
study the first to observe this association.
More research with a larger patient cohort is
required to further investigate the significance
of the relationship between the two factors. In
general, a colonoscopy following an appen-
dicectomy is still recommended in patients
above the age of 50 to rule out underlying
diverticular disease or neoplasms. Dhadlie
and Mehanna’s study of screening colono-
scopies in post-appendicectomy patients above
the age of 50 demonstrated that 46% of the 43
patients included in the retrospective study
had pertinent findings on colonoscopy such as
malignancies, suggesting that there was still a
role for post-appendicectomy screening colono-
scopies in this age cohort (32).

The definitive management of symptomatic
ADD and AA is an appendicectomy. Our results
showed a difference in the operative manage-
ment between the two groups with cases of
ADD proceeding to more major procedures such
as laparoscopic bowel resection (8%), laparos-
copic washout (2.7%), laparoscopic converting
to open appendicectomy (5%) and open bowel
resection (5%) (p<0.05). These more complex
cases can be related to longer patient recovery
and greater risks of complications in ADD.
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Controversy still exists in regard to the 
management of incidental asymptomatic ADD,
however with the risk of progression ADD into
diverticulitis in two thirds of cases, the afore-
mentioned greater risk of perforation and
appendiceal neoplasms, it has been recom-
mended that an elective appendicectomy be
performed (16, 33).

Conclusion

Due to the similarities in the clinical 
presentation of ADD and AA, a pre-operative
or intra-operative diagnosis of ADD remains a
challenge. Older patients presenting with
symptoms of appendicitis should be given a
higher index of suspicion for ADD. As ADD is
associated with greater rates of appendiceal
perforation and is a statistically significant
risk of polyps and malignancy as demonstrated
in our study, we recommend that patients who
have a histological diagnosis of ADD be
advised to have a colonoscopy performed 
following the acute post-operative phase as a
precautionary measure to rule out underlying
malignancy. 

We would like to thank the Sir Charles
Gairdner Hospital Pathology Department for
assisting in providing histological data.
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