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Paradigm shift: the Copernican revolution in diverticular disease
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Abstract

Diverticular disease (DD) is an umbrella definition that includes different clinical conditions
ranging from diverticulosis to severe and potentially life-threatening complications. In the
last decade, new concepts regarding pathogenetic alterations have been developed, while the
diagnostic, clinical and therapeutic approaches to the management of DD patients have changed.
The protective role of dietary factors (i.e., fiber) has been questioned, whilst some drugs widely
used in clinical practice have been found to have a deleterious effect. The use of antibiotics in all
patients with acute uncomplicated diverticulitis was reconsidered, as well as the need for a surgical
approach in these patients. Conflicting recommendations in different guidelines were proposed
for the treatment of symptomatic uncomplicated DD. An endoscopic classification of DD was
introduced, and a “curative” endoscopic approach has been pioneered. Based on these observations,
which together amount to a kind of “Copernican revolution” in the management of DD patients,
we performed a comprehensive and critical reappraisal of the proposed modifications, aiming to

discriminate between certainties and doubts on this issue.
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Introduction

Diverticular disease (DD) is an umbrella definition
that includes different clinical conditions ranging from
diverticulosis—the presence of colonic diverticula without
symptoms or signs—to severe and potentially life-threatening
complications, such as stercoraceous peritonitis due to overt
diverticular perforation [1]. Although only a minority of
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DD patients develop a clinical condition requiring therapy,
hospital admission, or surgical intervention, the wide diffusion
of DD in the general population—particularly in Western
countries—results in a very high consumption of healthcare
resources [2]. In the last 2 decades, several changes have
occurred in diagnostic procedures, therapeutic interventions
and patient management, so that the clinical scenario of DD
has indisputably changed [3]. In the past, medical attention was
mainly captured by the potential complications of the disease.
Indeed, when suspected of having diverticulitis, patients were
commonly admitted to hospital, received systemic antibiotics,
and frequently underwent a surgical approach—not only in the
acute phase, butalsoin an elective setting when the acute episode
resolved. However, recent medical and surgical data have cast
doubt on this policy and a more conservative approach, with
a case-by-case strategy, has been suggested [4]. An increasing
number of DD patients are also receiving medical care,
either for treatment of heterogeneous abdominal symptoms,
putatively attributed to the presence of diverticula, or for
preventing symptoms and/or complications in asymptomatic
DD subjects [5]. Moreover, novel entities emerged (or were
renewed), such as symptomatic uncomplicated DD (SUDD)
or segmental colitis associated with diverticula (SCAD),
widening the spectrum of DD manifestations [6]. Likewise, an
intriguing role of DD in increasing the risk of colon adenomas
and cancer has also been proposed, although the data are still
controversial [7]. In addition, knowledge of the role of different
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lifestyle factors in DD has increased, and the value of certain
protective factors, such as dietary fiber intake, has recently been
questioned [8], while a potential role has emerged for novel
aggressive factors in causing DD complications [6]. Finally,
an innovative endoscopic approach for diverticula closure has
recently been proposed as a novel treatment [9]. Based on these
observations, which overall amount to a kind of “Copernican
revolution” in the management of DD patients, we believe it
is worth performing a critical reappraisal of the proposed
modifications, aiming to discriminate between certainties and
doubts on this issue.

Epidemiology

DD was classically considered a condition affecting
elderly people in developed Western countries, where it has
a prevalence of 70% in those aged >70 years [1]. Indeed, DD
prevalence constantly increases starting from 50 years of age.
However, the widespread use of colonoscopy in recent decades,
mainly for colorectal screening purposes, has also provided
novel information on DD in asymptomatic subjects. A recent
Italian study of 970 consecutive individuals aged 50-75 years
with a positive fecal immunological test, who participated in
a colorectal cancer (CRC) screening program and underwent
high-quality colonoscopy, found diverticulosis in 36.5%
of subjects [7]. Likewise, 41% of subjects who underwent
screening colonoscopy in the USA had colonic diverticula [10].
Other studies showed that 5-10% of DD subjects are aged
less than 40 years [11]. Moreover, some evidence suggests

WESTERN

COUNTRIES

Location
* Left colon involvement: 95%
* Left plus right colon: 5%
* Right colon only: rare

Type
e Pseudo-diverticula

Prevalence
* Prevalence increases with age
* Number of diverticula increases
with age

Main complication
« Diverticulitis

that diverticulitis in young patients—not uncommonly the
clinical onset of DD—generally has a more aggressive course
and frequently requires a surgical approach [12]. In addition,
some studies found a large (76-81%) prevalence of males in
diverticulitis patients aged <40-50 years compared to those
aged >40 years (49%) [13,14]. Data from the USA reported a
26% increase in admissions for acute diverticulitis, with the
greatest increase in those aged 15-44 and 45-64 years [15].
Therefore, when the physician is faced with an acute abdomen
in a young patient, particularly a male patient, DD-associated
peritonitis should be considered among the potential causes.
Nevertheless, some recent data has called into question the
poorer clinical course of diverticulitis in young as opposed to
more elderly patients [16]; hence, further studies are needed.

Although first described in 1912, right-sided DD has
been fully characterized in more recent years. It emerged
that a difference does exist between the Caucasian and
Asian DD patterns. Left-sided, acquired pseudo-diverticula,
whose number tends to increase with age, prone to left-side
diverticulitis, are the typical feature in Western subjects [17].
In contrast, in Eastern peoples, true diverticula are right-side,
probably dysontogenetic, generally appear in young age, are
frequently few or unique, and are inclined to either right-side
diverticulitis or diverticular bleeding [17] (Fig. 1). However,
more recent observations suggest that left-sided DD is also
increasing in Asian subjects, most likely as a result of diet
modifications in Eastern countries [18]. Likewise, population-
based studies showed that the difference in the DD pattern in
immigrant Asians tended to decrease over time, as the number
of years of settlement in the Western country increased [19].
The main epidemiological data are provided in Table 1.

ASIAN
COUNTRIES

Location
* Right colon involvement: 90%
* Left plus right colon: 10%
* Left colon only: rare

Type
* True diverticula

Prevalence
* Prevalence stable with age

* Number of diverticula stable
with age

Main complication
* Bleeding

Figure 1 Different characteristics between western and Asian diverticular disease
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Table 1 Epidemiological data
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Parameter Result

DD prevalence over the last century 1940: 10% 1970: 29% 2000: 50%
DD prevalence according to age <40 y: 10% <60 y: 30% >75y: 70%
DD prevalence according to geographical areas Western>Asian/Africa

DD prevalence in colorectal screening 35-40%

DD prevalence according to sex

Diverticulitis according to sex in the young (<50 y)

Male=Female

Male>Female

DD, diverticular disease
Alterations in the colon wall

Different structural and functional alterations have been
described in the colon wall with diverticula, involving all the
parietal layers, from mucosa to muscular tunica. The potential
role of minimal inflammatory infiltrate in DD mucosa was firstly
proposed in 2008 [20]. An increased number of lymphocytes,
but not neutrophils [20,21], has been reported in some studies,
creating the so-called “subclinical inflammation” [22]. In one
study, the mean content of lymphocytes (10 colonic fields with
high power field) was 4.1 in controls, 5.9 in asymptomatic
DD and 7.3 in symptomatic DD patients [20]. Using a semi-
quantitative grading from 0 (normal) to 4 (diffuse presence
of lymphocytes), the median grade was 1 in DD and 0.5 in
controls [23]. Although statistically significant, the difference
among groups in these studies does not seem so impressive.
Moreover, the content of different inflammatory cytokines and
molecules involved in mucosal repair (tumor necrosis factor
[TNF]-a, syndecan, basic fibroblast growth factor, etc.) has
been reported to be increased in DD compared to controls [21].
However, other studies failed to confirm these findings. Using
flow cytometric evaluation, lymphocyte percentage and
composition (CD4+, CD8+/CD103+, CD25+, and CD62L+) in
the sigmoid mucosa did not differ between DD and controls [24].
Moreover, a fine study with biopsies specifically taken around
the diverticular, failed to find a difference in interleukin
[IL]2, IL4, IL5, IL8, IL10, IL12p70, IL13, interferon-y, TNF-a,
transforming growth factor-, and caspase-9 content between
DD and matched controls [25]. Likewise, a recent study found
a similar content of lymphocytes, mast cells, IL10, and TNF-a
in the colonic mucosa of DD and controls, and a reduced
expression of IL6 was even detected in DD [26]. Finally, a recent
case-control study involving 254 subjects found no association
between DD and either histological or serological (C-reactive
protein [CRP]) inflammatory markers, or between these
markers and diarrhea or abdominal pain [27]. Consequently,
the proposed role of minimal inflammation of the colonic
mucosa in generating abdominal symptoms in DD patients
remains to be proven [22,26]. For instance, the density of
overall immune cells in colon mucosa decreased (30.66+1.07 vs.
25.25+0.96; P=0.008) in patients with irritable bowel syndrome
(IBS) following mesalazine therapy, but abdominal pain and
bloating did not significantly improve [28].

Alterations in both the amount and the composition of
collagen in the extracellular matrix of colon wall with diverticula

have been documented, paralleling the DD stage [29]. Indeed,
the content of type I (mature) collagen progressively decreases,
whilsttypeIll (immature) accumulates, as does the cross-linking
among fibers [29]. This shifting was linked to a perturbation
of metalloproteinase (MMP-1 and MMP-2) function due to
increased production of their inhibitors. More specifically,
an 18- and 3-fold increase of MMP-1 and MMP-2 inhibitors,
respectively, has been found in DD, so that the normal collagen
synthesis is not balanced by an appropriate demolition [29].
Notably, similar alterations have been demonstrated in both
Crohn’s disease and collagenous colitis [30]. Besides collagen,
other alterations in the matrix microenvironment have
been found in the colon wall with diverticula. Intriguingly,
angiogenic factors (vascular endothelial growth factor,
endothelial and smooth muscle derived-neuropilin, MMP-13),
cell proliferation regulators (p53, p27, c-erb-2, cyclin D1), and
cyclooxygenase-2 were found to be equally expressed in colon
with either DD or CRC [31].

Altered  colonic pressure profiles were commonly
thought to play a role in the etiology and pathophysiology
of DD [32]. However, a review showed that there was only a
limited volume of literature investigating pressure in patients
with diverticulosis [33]. Indeed, pooled data from the existing
studies showed no difference in intrasigmoid pressure or the
duration of activity when patients with diverticulosis/DD
were compared with controls, suggesting that there is only
weak evidence to support the role of characteristic patterns
of pressure activity in this condition [33]. Nevertheless, more
recent findings demonstrated alterations in the enteric neural
function. An experimental study found cholinergic denervation
hypersensitivity in DD patients compared with controls, due to
a lower choline acetyltransferase activity, upregulation of M3
receptors, and increased sensitivity to exogenous acetylcholine
[34]. A disturbed glial cell line-derived neurotrophic factor
responsiveness was proposed as a contributory factor to the
development of these alterations [35]. In addition, the presence
of interstitial cells of Cajal, gut pacemaker cells and glial cells
was found to be decreased in colonic DD [36]. All these neural
abnormalities, overall configuring an “enteric neuropathy”, lead
to disturbed motility and visceral hypersensitivity in the sigmoid
tract, which, in turn, may be responsible, at least in part, for some
abdominal symptoms in DD patients [37]. Therefore, DD might
be considered as a “transumural” rather than a “mucosal” disease.

Recent data suggest a certain genetic predisposition
towards developing diverticulosis and diverticulitis [38,39].
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Notably, some loci involved in neuromuscular regulation,
as well as vascular and mesenchymal (matrix biology, cell
adhesion, membrane transport) functions, were detected more
frequently in DD patients than in controls.

Diet and lifestyle

Different lifestyle factors affecting DD manifestations
have been identified. The most consistent data, all
originating from post hoc analysis, derive from 3 large, long-
lasting cohort studies [40-43]. These include the Health
Professionals Follow-up Study with 47,888 male subjects and
6-year follow up [40], the European Prospective Investigation
into Cancer and Nutrition with 47,033 male/female and
11.6-year follow up [41], and the Swedish Mammography
Cohort with 36,592 female and 13-year follow up [42].
The main available evidence concerning the protective or
aggressive role of lifestyle factors is briefly summarized in
Fig. 2. However, the available data need to be interpreted
with caution when considering that a factor may: a) act
over decades; b) change in the same subject during life;
c) exert a diverse role in a different phase of DD; and d)
interact with other factors. It has been found that higher
serum levels of vitamin D are associated with a reduced
risk of diverticulitis development [43]. Moreover, vitamin D
concentrations are linked to the endoscopic severity of DD
patients with more severe disease showing significantly lower

scores [44]. On the other hand, no significant role emerged
for vitamin A, vitamin C, coffee consumption, sodium or
potassium [27-31,34-37,40-43].

A systematic review and meta-analysis found that the risk
of colonic diverticulosis in current smokers was significantly
higher than in non-smokers, with a pooled risk ratio (RR)
of 1.46 (95% confidence interval [CI] 1.13-1.89), whilst the
risk in former smokers was not significantly higher (RR
1.13, 95%CI 0.88-1.44) [45]. Another systematic review and
meta-analysis found that the risk of colonic diverticulosis in
obese subjects was significantly higher than in those without
obesity, with a pooled odds ratio (OR) of 1.41 (95%CI
1.20-1.65), but with a high heterogeneity [46]. Diabetes
mellitus was also found to be a risk factor for patients with
DD. A meta-analysis including 17 studies and involving
8,212 patients with diabetes and 381,579 controls, found that
patients had approximately 1.2 times (95%CI 1.135-1.270)
higher colonic DD morbidity in prospective studies, as well
as an increased risk of colonic diverticular hemorrhage (OR
1.53, 95%CI 1.14-2.04) [47]. Probably the most clinically
relevant amendment was that seeds and nuts, which
physicians historically encouraged DD subjects to exclude
from their diet to avoid a (never proven) diverticulitis, not
only were not dangerous, but were inversely associated with
diverticulitis onset and bleeding [40]. Recently, the role of
fiber as a protective factor against DD development has been
questioned. A case-control study [48], found no association
between dietary fiber intake and diverticulosis (OR 0.96,
95%CI 0.71-1.30) in comparing the highest quartile with

PROTECTIVE
FACTORS

NORMAL COLON

AGGRESSIVE
FACTORS

Very high
fiber intake

I |

DIVERTICULOSIS

Alcohol
Obesity

1

High fiber diet
Physical activity

1

SYMPTOMATIC

Red meat
Spirits

High fiber diet
Physical activity
Vitamin D

1

«

COMPLICATIONS

Obesity
Smoking
Red meat

| R |

. "

COMPLICATION RECURRENCE

1

Obesity

Figure 2 Protective or aggressive role of different lifestyle factors
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the lowest (mean intake: 25 vs. 8 g/day). Furthermore,
a recent systematic review found that single low-quality
studies suggested that fibers, both dietary and supplemental,
could be beneficial in the treatment of SUDD [8]. However,
methodological limitations, the heterogeneity of the
therapeutic regimens employed, and the lack of ad hoc
designed studies did not permit a summary of the outcome
measures. Therefore, high-quality evidence on the efficacy of
fiber treatment for the reduction in the symptoms of SUDD
and for the prevention of acute diverticulitis is lacking, and
well-designed studies are needed, specifically focusing on
the efficacy of fiber [8].

Drugs and DD complications

The onset of DD complications significantly increases
1-year mortality, with a hazard ratio (HR) of 4.55 (95%CI
3.74-5.52) for perforation/abscess, 2.60 (95%CI 1.47-4.62)
for fistula, and 2.41 (95%CI 1.86-3.11) for stricture [49].
Therefore, to identify, and possibly eliminate, risk factors is
clinically advantageous. There is accumulating evidence that
some drugs may play a deleterious role in DD, particularly
in causing complications such as acute diverticulitis, bleeding
and perforation. Recent studies have suggested a relationship
between the use of non-steroidal anti-inflammatory
drugs (NSAIDs) or steroids and colonic diverticular
complications [50,51]. A systematic review and meta-
analysis, including data from 6 studies (5 case-control studies
with 260 cases and 317 controls; 1 cohort study with 58 cases)
showed that both NSAIDs (RR 2.24, 95%CI 1.63-3.09) and
aspirin (RR 1.73, 95%CI 1.31-2.30) significantly increased
colonic diverticular bleeding [52]. Another systematic review
and meta-analysis found increased odds of perforation and
abscess formation with NSAIDs (OR 2.49, 95%CI 1.98-3.14),
steroids (OR 9.08, 95%CI 3.49-23.62) and opioids (OR 2.52,
95%CI 1.77-3.57) [53]. The authors also found increased
odds of diverticular bleeding from NSAIDs (OR 2.69, 95%CI
1.65-4.40), aspirin (OR 3.24, 95%CI 1.59-6.59) and calcium-
channel blockers (OR 2.50, 95%CI 1.44-4.35). However, most
studies did not describe the duration or dosage of medication
used and did not systematically describe the severity of
diverticular complications [53].

Likewise, a recent retrospective study of 1803 Japanese
patients found that both NSAIDs (11% vs. 5%; P<0.01) and
anti-thrombotic (28.9% vs. 15%; P<0.01) therapies were more
frequent in patients with diverticular hemorrhage than in
1530 patients with other causes of bleeding (11% vs. 5%, P<0.01;
and 28.9% vs. 15%, P<0.01, respectively) [54]. Therapy with
tocilizumab (anti-IL6), but not with anti-TNF biologic therapy,
was associated with an incidence of 3.9 per 1,000 patients/
year for diverticulitis and 2.69 per 1000 patients/year for
lower gastrointestinal perforation in patients with rheumatoid
arthritis [55]. Notably, these events occurred with only mild
abdominal symptoms and without CRP elevation, challenging
a prompt diagnosis.
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Role of different diagnostic tools

Radiology

In the past, a barium enema (BE) was the leading radiological
examination for investigating abdominal symptoms. The
accuracy of this procedure for assessing diverticula in the colon
hasbeen largely demonstrated [56]. However, since simultaneous
neoplastic lesions, i.e., diverticulitis mimicked by cancer, were
missed in a definite number of patients, BE is now considered
as an obsolete diagnostic test and has been largely replaced by
ultrasound (US), computed tomography (CT), and computed
tomography colonography (CTC) [57,58]. In patients with
suspected diverticulitis, US is regarded as a first-line radiologic
test, being noninvasive, fast, low-cost, widely available, easily
accessible even within the emergency department, and safe,
particularly in young females in whom radiation exposure
should be avoided [59]. Another advantage of US is the ability to
correlate imaging findings with the region of greatest tenderness
in real time. Relative disadvantages of ultrasound include the
operator dependence and difficulties in the evaluation of deep
abdominal sites, especially in obese patients [59]. US may be
used for differential diagnosis with other diseases, in classifying
the diverticulitis stage and in monitoring abscess evolution
following therapy [60,61]. In addition, contrast-enhanced US
could play a role in the diagnosis of diverticulitis complications,
such as fistulas or covered perforations [59].

CT scan is largely used in the acute setting, allowing
differential diagnosis among several diseases that may
potentially cause severe abdominal pain [14,62]. Specific
radiological criteria have been established for the diagnosis of
acute diverticulitis without complications (diverticula; bowel
wall thickening >5 mm; pericolonic fat stranding) [59]. CT
is highly accurate in assessing diverticulitis complications,
as well as in predicting the risk of surgical treatment during
the initial acute episode [14]. Moreover, this tool allows the
guided drainage of abscesses that have sufficient size (>5 cm)
and are in a favorable location [13]. A recent study showed that
CT is also useful in identifying and guiding therapy in some
patients with diverticular bleeding [63]. Indeed, the finding of
extravasation on contrast-enhanced CT was associated with a
significantly higher detection of the bleeding diverticulum on
colonoscopy, as compared to those without extravasation (12/20,
60% vs. 11/35, 31%; P<0.05) [63]. Finally, one study found that
CTC was accurate (86.5% sensitivity and 83.1% specificity) as
compared to colonoscopy in detecting diverticula and assessing
their distribution through the colon, and DD presence did not
degrade the diagnostic performance of CTC for polyp (>6 mm)
detection [64]. Recent British guidelines on the diagnosis and
management of acute lower gastrointestinal bleeding (LGIB)
recommend that, if a patient is hemodynamically unstable
or has a shock index (heart rate/systolic blood pressure) of >1
after initial resuscitation and/or active bleeding is suspected,
CT angiography provides the fastest and least invasive means
of locating the site of blood loss before planning endoscopic
or radiological therapy (strong recommendation, low quality
evidence) [65].
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Endoscopy

The role of colonoscopy in diverticulitis has been
largely amended [66]. In 1999, the American College of
Gastroenterology’s guidelines suggested avoiding colonoscopy
in those patients suspected of having acute diverticulitis,
given the increased risk of perforation at insufflation [67].
Subsequently, it has been found that early colonoscopy during
admission (median time: 5.8 [range: 4-12] days) may be useful
and uneventful, the procedure being stopped when a diagnosis
of diverticulitis was confirmed. Indeed, the examination was
judged beneficial in 17.4% of cases with a more protracted
course of diverticulitis (>7 days antibiotic therapy), through
finding other diseases (3 cancers and 1 bone stuck in the
diverticulum) [57]. Colonoscopy is advocated 6 weeks
following acute diverticulitis to ensure that malignancy is
not missed [68]. However, recent data cast doubt on the
usefulness of this practice, particularly in patients who have
uncomplicated diverticulitis or are aged <55 years, in whom
the presence of cancer is less likely [69,70].

One of the most common causes of LGIB is DD [71,72].
Nevertheless, data concerning the utility of an early endoscopy
in patients with diverticular bleeding are scanty. A pivotal
trial published in 2000 found that, among patients with
severe hematochezia and diverticulosis, at least one fifth have
definite diverticular hemorrhage on colonoscopy performed
at the bedside 6-12 h after hospitalization or the diagnosis of
hematochezia. It was concluded that endoscopic treatment of
these patients might prevent recurrent bleeding and decrease
the need for surgery [73]. More recently, a retrospective
cohort study aimed to evaluate the impact of the timing of
colonoscopy on outcomes in patients with acute diverticular
bleeding [74]. It was found that the length of stay in hospital
was significantly lower in patients with colonoscopy performed
within 24 h of admission as compared to those with late
colonoscopy (3.7 vs. 5.6 days; P<0.0001). Total hospitalization
costs were also significantly lower in patients with early
colonoscopy ($9317 vs. $11,767; P<0.0001). However, there
was no difference in mortality between the groups (0.7% vs.
0.8%) [74]. This finding was consistent with the results of 2
systematic reviews and meta-analyses that aimed to compare
several outcomes between urgent and elective colonoscopy in
patients hospitalized for LGIB [75,76]. Indeed, these reviews
did not find any difference in mortality or rebleeding, or in the
identification of the bleeding source, in patients with LGIB who
underwent an early colonoscopy. In contrast, a meta-analysis
of non-randomized studies demonstrated higher diagnostic
and therapeutic yields with early colonoscopy (OR 1.86, 95%CI
1.12-2.86; P=0.004; and OR 3.08, 95%CI 1.93-4.90; P<0.001,
respectively) and a shorter length of stay (mean difference
2.64 days, 95%CI 1.54-3.73), but no difference in transfusion or
rebleeding [77]. The British Society of Gastroenterology’s recent
guidelines on the diagnosis and management of acute LGIB
suggest stratifying patients as unstable or stable. For unstable
patients, it is recommended to perform CT angiography, as it
provides the fastest and least invasive means of locating the
site of blood loss before planning endoscopic or radiological
therapy. Stable patients should be categorized as major or
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minor, using a risk assessment tool. Patients with a major
bleed should be admitted to hospital for colonoscopy on the
next available list, whilst patients with a minor self-terminating
bleed, with no other indications for hospital admission, can be
discharged for urgent outpatient investigation [65].

As an endoscopic classification of DD was lacking, an
endoscopic score was recently proposed and validated [78].
The “Diverticular Inflammation and Complication Assesment”
(DICA) takes into consideration several scored items (extent
of diverticulosis, number of diverticula per region, presence
of inflammatory signs, and occurrence of complications) and
related sub-items, the sum of which yields 3 different DICA
scores (DICA 1, DICA 2, and DICA 3). An international,
retrospective study found that DICA was the only factor
significantly associated with the occurrence/recurrence of
diverticulitis and surgery, on either univariate (P<0.0001)
or multivariate analysis (HR 4.3, 95%CI 3.6-5.1; P<0.0001).
Furthermore, it was found that only DICA 2 patients
received a benefit from scheduled therapy in preventing the
occurrence/recurrence of acute diverticulitis [79]. This score
could be useful for the homogenous classification of patients
in clinical trials, as well as for identifying patients at higher
risk of complications and/or relapse in clinical practice, but
further large prospective studies are necessary to confirm these
results. Finally, the possibility of converting the DD status
into a normal colon by clipping each diverticular sac during
endoscopy was recently pioneered. In a pilot study, 9 patients
with previous diverticular bleeding underwent elective
closure of diverticula with endoclips (median 17.5 clips), and
resolution was confirmed in 87.2% of clipped diverticula in
a short-term follow up (median: 4 [range: 3-14] months) [9].
Long-term follow up for assessing relapse and large trials are
needed to confirm this very interesting result.

Laboratory

CRP and white blood cell (WBC) count are largely used
to assess acute inflammatory status due to different causes.
The Dutch College of General Practitioners’ guideline on
diverticulitis recommends CRP testing, even using an in-office
device, when specific signs and/or symptoms are present, with
concentrations of >20 mg/L and >100 mg/L supporting the
diagnosis of uncomplicated and complicated diverticulitis,
respectively [80]. However, data from other studies suggest
that perforation is unlikely in acute sigmoid diverticulitis
when CRP is <50 mg/L, whereas only values >200 mg/L
are a strong indicator of perforation [81]. Elevated WBC
(>10,000/dL) showed an 88% sensitivity and 44% specificity for
diverticulitis perforation [81]. However, a WBC count >12,000
was adopted as cutoff for diagnosing acute diverticulitis in
several studies [12,62]. A WBC count >10,000-15,000/dL, and
CRP 250 mg/L had an OR for diagnosis of acute diverticulitis
of 2.53 and 3.78, respectively [82]. A recent study found that
a procalcitonin value >0.1 ng/L has 81% sensitivity and 91%
specificity for differentiating complicated and uncomplicated
diverticulitis when combined with abdominal CT scans [83].
It has been also found that hyponatremia (<136 mg/L) was



significantly associated with diverticulitis (or appendicitis)
perforation in patients older than 50 years [84]. In 2009,
Tursi et al published the first study showing increased semi-
quantitative levels of fecal calprotectin in patients with
either uncomplicated diverticulitis or SUDD, but not in
asymptomatic DD, IBS patients or controls [85]. However, the
accuracy of fecal calprotectin testing in distinguishing different
gastrointestinal diseases has been questioned [86].

Predictive scores

The clinical diagnosis of diverticulitis is challenging in
clinical practice, and a misdiagnosis rate ranging between
34% and 68% has been reported in the literature [82].
Therefore, some scores based on clinical, laboratory, imaging
or surgical data (single or combined) have been proposed
to predict the diagnosis, grading severity or recurrence of
diverticulitis. The possibility of improving the diagnosis of
diverticulitis in the emergency department without imaging
has been assessed in two studies. In the first, direct tenderness
only in the left lower quadrant, the absence of vomiting, and
CRP >50 mg/L were found to be predictive of diverticulitis
with a high specificity (98%; positive predictive value: 97%),
but low sensitivity (36%; negative predictive value: 47%) [87].
In the second study, a nomogram including 7 variables (age,
previous episodes, localization of symptoms in the lower left
abdomen, aggravation of pain on movement, the absence of
vomiting, tenderness in the lower left abdomen, and CRP
level) was generated, showing an 86% diagnostic accuracy
for acute diverticulitis [82]. When both these scores were
validated in another study, specificity and sensitivity were
98-100% and 14-24%, respectively [88]. Therefore, when
these scores are positive, a diagnosis of diverticulitis may
reasonably be made even without an imaging study. However,
negative values are insufficient reason for excluding the
disease.

A meta-analysis evaluating predictors to diagnose
complicated  diverticulitis showed that first episode,
comorbidities (Charlson score 3), NSAID or steroid use, high
CRP levels, and severe disease on radiological imaging, but not
age or sex, were associated with disease severity [89]. Moreover,
the need for surgery in patients with acute diverticulitis was
found to be associated with the finding of distant intraperitoneal
air on a CT study [90].

Recurrence of diverticulitis occurs in a definite quota of
patients. A history of diverticulitis (HR 3.3), abscess (HR 6.2),
or corticosteroid medication (HR 16.1) were independent
risk factors for complicated recurrence (area under the
curve=0.80), and a score including those parameters was
able to identify patients with a low or high risk of developing
recurrent diverticulitis during a 5-year follow up that occurred
in 3% and 43% of cases, respectively [91].

The Hinchey classification, based on intraoperative findings
and the Ambrosetti classification, based on CT, are the most-
used scoring systems in perforated diverticulitis [14,92,93].
A modified stage IV disease of Hinchey’s classification has
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been recently proposed [94]. Specifically, taking into account
the underlying bowel status, primary closure without a
diverting stoma could be performed in those patients with a
healthy bowel segment [94]. CT grading (moderate or severe)
according to Ambrosetti’s classification was found to be a
significant prognostic parameter for both need for surgeryand a
secondary complicated outcome after a first acute diverticulitis
episode had been successfully treated medically [14].

The endoscopic DICA score has been proposed as a
potential tool for DD prognosis [95], and for selecting those
patients requiring medical treatment [96]. However, large
further prospective studies are needed to consolidate these
findings.

Diverticulitis
Pathogenesis

Undeniably, acute diverticulitis management is the field
of DD that, more than any other, has been subject to major
amendments in recent years. However, the real cause of
diverticulitis onset still remains speculative. Diverticulitis
consists in the inflammation of a diverticulum causing a
combination of symptoms, including acute abdominal pain
(typically in the lower left quadrant in Caucasian patients),
fever, bowel movement alterations, whilst stool blood is
generally absent or modest [97]. In the past, the inflammation
was attributed to a primary infection of a diverticular sac,
potentially leading to a perforation. However, no specific
pathogen was demonstrated to cause diverticulitis. To date,
diverticulitis is commonly considered an acute inflammation
due to traumatic lesions of diverticular mucosa caused by
fecolith impaction, particularly in a large diverticular sac,
with micro-erosions. Bacterial infection then develops
until micro-perforation occurs [97-99]. Recently, the role
of ischemic damage, without involvement of fecoliths or
infection, has been pointed out [100]. According to this novel
hypothesis, there is a temporary (or recurrent) compression
of vasa recta in the “neck” of the diverticulum due to a
prolonged and/or marked contractile spike of colon with
ischemia, particularly in diminutive diverticula, than micro-
perforation at the apex of the sac occurs, with or without
secondary infection from fecal bacteria [100]. Clearly, these
hypothetical “traumatic” and “ischemic” mechanisms are not
mutually exclusive.

Acute uncomplicated diverticulitis (AUD)

The management of patients with AUD has undergone
several modifications in terms of hospital admission,
antibiotic administration and surgical intervention. A recent
systematic review found that selected patients with the mild
form of AUD, without relevant comorbidities or risk factors
for complications, might be safely managed without hospital
admission, with an average cost saving that ranged from
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42-82% compared to inpatient treatment [101,102]. Some
recent studies highlighted that some AUD patients may be
treated with conservative therapy without antibiotics [103]. The
American Gastroenterological Association’s guidelines suggest
that antibiotics should be used selectively, case by case, rather
than routinely as in the past, but the grade of recommendation
was conditional and the quality of evidence low [68]. A recent
meta-analysis of 8 studies found no difference in treatment
outcome, readmission rate, diverticulitis complications, or need
for elective or emergent surgery between AUD patients treated
with or without antibiotics [103]. However, only 2 randomized
studies, both from Scandinavia, were included, whilst all the
others were retrospective, non-randomized studies. Therefore,
the data should be interpreted with caution, since at entry
the enrolled patients were not comparable in terms of several
clinical characteristics, based on which the choice of treatment
(antibiotic or conservative) was arbitrarily applied by the
clinician. Data from ongoing randomized controlled trials are
awaited [104]. When antibiotic therapy is deemed necessary,
some concerns may arise about both therapy duration and
route of administration. It has been found that a 5-day course
of antibiotic therapy with ceftriaxone and metronidazole
i.v. is equally effective to a 5-10 day course [105]. Moreover,
some studies have challenged the traditional concept of
treating acute diverticulitis with intravenous antibiotic
therapy, instead proposing that oral antibiotic therapy may
be appropriate [106,107]. A randomized controlled trial
found no difference in the outcome of AUD patients treated
with ciprofloxacin and metronidazole administered orally or
iv. [106].

Surgical approach

The decision-making process for the surgical approach
to diverticulitis has been greatly modified in the last decade.
AUD may recur in up to 20% of patients, and successive
episodes were deemed to be riskier than the first in terms of
complications and overall outcome [108]. Therefore, based on
some decisional-model data, surgery was advised following 1
or 2 episodes of AUD, particularly in young patients and the
obese, who are at increased risk for recurrence [107]. However,
more recent studies showed that the outcome of diverticulitis
recurrence did not appear to be worse than that of the first
episode; thus, the need for surgery in every patient has been
questioned [3,109]. Indeed, a certain cohort of selected
patients with even complicated diverticulitis may be safely
managed without surgical intervention [110]. A systematic
review found that only 6% of patients with isolated pericolic
extraluminal air needed emergency surgery within the
acute diverticulitis episode, so that an initial conservative
approach is also advocated in these patients when risk
factors (immunosuppression, NSAID use) were absent [111].
However, a randomized trial found that the recurrence rate
of complicated diverticulitis is significantly higher following
conservative treatment (32%) than after elective surgical
resection (8%) in patients with acute diverticulitis complicated
by an abscess [112].
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SUDD and IBS: an unsolved dilemma

The Italian consensus conference on colonic diverticulosis
and DD defines SUDD as “a syndrome characterized by
recurrent abdominal symptoms (i.e., abdominal pain and
bloating resembling or overlapping IBS symptoms) attributed
to diverticula in the absence of macroscopically evident
alterations other than the presence of diverticula” [113]. This
definition recognizes the difficulty of differentiating this entity
from IBS. Indeed, IBS and DD are common conditions in
Western Europe and North America [114,115]. The diagnosis
of IBS, according to Rome IV, is based on well-defined and
precise criteria [116]. In contrast, the term “diverticular disease”
lacks a truly meaningful definition (in clinical terms) and has
been loosely applied to a wide spectrum of diseases [117].

The epidemiology of SUDD is still largely unknown. One
survey aimed to assess the clinical features associated with
SUDD [118]. It was found that SUDD had an unspecific
clinical picture, mainly characterized by normal stools,
short-lived abdominal pain, abdominal bloating and IBS-like
symptoms, while functional dyspepsia-like symptoms were
not commonly present [118]. An ongoing Italian prospective,
observational, multicenter, cohort study found that female
sex was significantly associated with SUDD (OR 1.94, 95%CI
1.43-2.62) and with a lower quality of life compared to those
with diverticulosis (physical component: P=0.0001; mental
component: P<0.0001) [119].

Another multicenter study aimed to verify whether
clinical features can distinguish DD from IBS [120]. Only
10% of patients with DD fulfilled the criteria for IBS
diagnosis according to the Rome III criteria. However, if the
criterion “time from onset: at least 6 months” was excluded,
66% of patients with DD complained of IBS-like symptoms.
Compared to patients with IBS, patients with DD consumed
less coffee (P=0.04), but more dietary fiber (P=0.002), and had
significantly greater first-degree inheritance for DD (P=0.001)
and CRC (P=0.05), as well as higher rates of diabetes (P=0.04)
and dyslipidemia (P=0.03). Diarrhea was more common in
patients with IBS (32/90; 36%) compared to patients with DD
(14/90; 14%; P<0.001), whilst bloating was similar in both
DD (68%) and IBS (56%) patients (P=0.12). The prevalence
of abdominal pain was similar in both groups. When the
duration of the abdominal pain was considered, pain lasting
<24 h was reported significantly more frequently by patients
with DD than patients with IBS (P<0.01), but assessment
of severity by visual analog scale did not detect significant
differences between the groups. Abdominal pain lasting >24 h
was also significantly more frequent in DD (20/90; 22%) than
in IBS patients (6/90, 7%; P<0.01) and pain was very severe
in a significantly (P<0.01) higher number of patients with DD.
Authors concluded that only abdominal pain lasting more
than 24 h characterizes patients with DD compared to those
with IBS [120]. However, this proposal needs confirmation by
future, large studies.

The use of fecal calprotectin in discriminating SUDD from
IBS has also been proposed [85]. Using a semi-quantitative
test, it was found that fecal calprotectin was positive in



27 (64.3%) patients with symptomatic DD and in none of the
30 IBS patients [121]. In contrast, a multicenter study that
included 105 patients with DD and 349 without any lesion at
colonoscopy found that mean calprotectin levels did not differ
between groups, and a positive value (>50 mg/dL) was equally
detected in 36% of cases [86]. In addition, fecal calprotectin
test was positive in 39.1% of 616 consecutive IBS patients [122].
Therefore, the proposed use of the fecal calprotectin test
needs to be validated in large studies. Indeed, it is unclear
why calprotectin levels should be increased in SUDD, but not
in IBS patients, when we consider that a mild, microscopic
inflammation of colonic mucosa has also been detected in IBS
patients [28].

Taking all these data into account, the relationship between
SUDD and IBS remains unsolved and it is clear that high-
quality prospective studies of well-phenotyped individuals are
needed. To date, the therapeutic implications of relationships
between DD and IBS remain few and, consequently, far from
capable of guiding clinical management [117].

DD and CRC

An intriguing relationship between DD and CRC has been
pointed out in recent decades. Likewise, similar risk factors,
such as advanced age, some lifestyle behaviors and diet, are
shared by both conditions. However, there is conflicting
evidence. A United States study with 624 participants who
underwent screening colonoscopy, including 260 with DD,
showed that the risk of adenoma or advanced adenoma was
not increased in DD patients [10]. In contrast, a similar study
performed in Italy on 970 subjects, including 354 with DD,
found that the presence of diverticula was an independent
risk factor in multivariate analysis for both adenoma detection
rate (OR 1.58, 95%CI 1.14-2.18; P=0.006) and advanced
adenoma (OR 1.57, 95%CI 1.10-2.24; P=0.013), but not for
CRC [7]. A cross-sectional endoscopic study performed in
China found no association between right-sided DD (2.4%)
and adenomas (13.2%) [123]. A systematic review of 10
studies with 22,721 cases showed a significant association in
only half of the included series, so that it was concluded that
the available data were not consistent; this highlighted the
need for further studies [124]. Recently, a systematic review
and meta-analysis of observational studies was published that
aimed to assess the prevalence of CRC in patients with acute
diverticulitis [125]. The prevalence of CRC was 1.9% (95%CI
1.5-2.3), and patients with complicated diverticulitis had a
significantly higher risk for CRC (7.9%, 95%CI 3.9-15.3) than
patients with uncomplicated diverticulitis (1.3%, 95%CI 0.1-2),
corresponding to a pooled prevalence ratio of 6.7 (95%CI 2.5-
18.3). This suggested the utility of performing a postponed
colonoscopy after an episode of diverticulitis applied only to the
subgroup with complicated diverticulitis. Subgroup analyses
did not find significant differences in prevalence when studies
were pooled separately according to ranking on the Newcastle-
Ottawa scale, geographical location or length of follow up.
Meta-regression did not find any association between age and
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CRC. Among patients who underwent endoscopy, the pooled
prevalence was 22.7% for polyps (95%CI 19.6-26.0), 4.4% for
advanced adenomas (95%CI 3.4-5.8), 14.2% for adenomas
(95%CI 11.7-17.1), and 9.2% for hyperplastic polyps (95%CI
7.6-11.2). Therefore, based on these observations, there are
not yet sufficiently strong data to suggest more aggressive CRC
prevention or follow up in DD compared with non-diverticular
subjects.

Other clinical entities

SCAD

SCAD is defined as a macroscopic and microscopic
inflammation limited to the crests of mucosal folds in
the diverticular tract, and sparing diverticula [126]. It is
characterized by a wide spectrum of clinical, pathological and
endoscopic features, some of them still poorly defined. Indeed,
it may present as anything from asymptomatic superficial
areas of erythema detected on endoscopy to severe lesions
resembling IBD. Likewise, the clinical course may be self-
limiting [127] or may evolve into a clear IBD requiring biologic
therapy [128]. At first it was considered to belong within the
spectrum of DD manifestations, so that it is currently included
in the endoscopic DICA classification [78]. Nevertheless,
in the more recent literature, SCAD was considered as a
chronic colitis in the spectrum of IBD, rather than in DD,
which develops in genetically predisposed subjects, and the
management of patients with severe forms is analogous to that
of IBD patients [129].

Asymptomatic acute diverticulitis

Unexpected asymptomatic acute diverticulitis was identified
in 21 (0.82%) of 2566 consecutive patients presenting for
elective colonoscopy. Endoscopic features included granulation
tissue protruding from a diverticular orifice, erythema and
edema, or pus of a single diverticulum. Only 1 of these patients
complained of abdominal pain before endoscopy, and none
developed definite diverticulitis at 1-year follow up [130].
Therefore, the clinical relevance of this endoscopic feature still
remains unclear.

Chronic diverticulitis

The definitions of “chronic diverticulitis” and “chronic
recurrent diverticulitis” firstly appeared in a novel taxonomic
classification proposed in 2012 [131]. According to this
proposal, characterized by a
microscopic inflammation—lymphocytes infiltrate within
and around diverticula of patients without overt diverticulitis
or colitis—that might contribute to symptom development
in some patients with DD. This was derived from data of

chronic diverticulitis is
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some studies showing that such a condition was present on
16 (94%) random biopsies taken in 17 DD patients without
macroscopic lesions [132], and in 75% resected specimens
from 930 patients undergoing surgery for SUDD without
overt diverticulitis [133]. Based on these findings, the large
majority of DD patients harbor a mild chronic inflammation
in the colonic mucosa, but less than 20% of subjects complain
of abdominal symptoms [1]. As discussed above, the role of
this mild increase in the lymphocyte infiltrate of DD mucosa in
generating abdominal symptoms remains to be proven.

Concluding remarks

In the last decade, several concepts related to the diagnostic,
clinical and therapeutic approaches to the management of DD
patients have significantly changed. Some alterations of colonic
mucosa, such as deposition of abnormal collagen in colonic wall,
and the tendency to develop fistula and abscess, would render
DD more similar to Crohn’s disease than to ulcerative colitis.
Indeed, DD might be considered as a “transmural” rather than
“mucosal” colonic disease [37,134]. Remarkably, these aspects
have been overlooked in the proposed therapeutic approaches,
mainly based on either luminal (non-absorbable antibiotics,
probiotics) or mucosal (mesalazine) therapies. Alterations
of colonic motility, due to the well-documented cholinergic
denervation hypersensitivity, are expected to be involved
in some abdominal symptoms, including pain and bowel
habit disturbance. However, they remain largely neglected
in the therapeutic approaches to symptomatic DD patients
in clinical practice [135]. Experimental data have clearly
demonstrated that hyper-contractions of circular muscle in the
sigmoid tract with DD are reduced by anticholinergic drugs,
although a high dose may be necessary [100]. Unfortunately,
only data from old, and often not well-designed, studies are
available, and the scant interest of pharmaceutical industries
in research in this field appears to be unjustified. Apart from
NSAIDs and steroids, the role of various drugs involved in
the development of DD complications has emerged in recent
years [53]. Some of these therapies are widely used in clinical
practice, particularly in elderly patients, who frequently
harbor diverticula in their colon. Therefore, more attention
should be paid to the management of DD patients receiving
multiple therapies. The use of antibiotics in AUD has been
largely questioned in recent trials, a case-by-case approach
being suggested [68]. Nevertheless, identifying risk factors for
complications remains a priority, so that preventive therapy
with antibiotics could at least be reserved for those patients at
high risk. The relationship between SUDD and IBS remains
unsolved, and future prospective studies are needed to better
characterize these patients [117].

Taking into consideration all data presented, it is clear that
a lot still has to be learned regarding this common, costly, and
complicated disease (“The dark side of the moon”). High-
quality randomized controlled trials need to be performed
in patients with DD, specifically devoted to each different
clinical condition included in that umbrella term. However, it
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is difficult to perform these types of study because of a range
of factors, such as sample sizes inadequate to detect differences
in infrequent but serious events and/or the inability to blind
treatment allocation. Well-supported, definitive consensus
guidelines do not yet exist, so physicians must often use their
clinical judgment to manage and select treatments [3]. The
saga will definitely continue!
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