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Foreword

The detection of diverticula in the colon is frequent and on a continuous rise which 
is due to a series of factors that include the increasing number of colonoscopies for 
colon cancer screening purpose and the demographic evolution with an increase of 
the elderly population. Although often detected in the complete absence of symp-
toms, colon diverticuli may present with a broad spectrum of clinical manifestations 
that range from mild abdominal symptoms and mild inflammation to severe inflam-
mation with complications and life-threatening conditions. In the context of symp-
tomatic colonic diverticular disease, among the many challenges posed is also the 
question whether diverticuli are the cause of irritable bowel syndrome or simply an 
innocuous bystander.

The pathophysiology underlying the various phenotypes of diverticular disease 
is multifactorial and complex. Basic and translational research has advanced our 
knowledge and led to a change in paradigm which is reflected by a significant prog-
ress in the clinical management of colon diverticular disease in all its facets.

The clinician and clinical scientist will find all the relevant questions answered 
in this most comprehensive book on colon diverticular disease presented by Tursi, 
Bafutto, Brandimarte, and Oliveira. With the contribution of authoritative col-
leagues, all critical aspects and novel areas around colonic diverticular diseases are 
presented in an impressive didactic manner and in excellent style.

This book provides an up-to-date and comprehensive overview on diverticular 
disease of the colon including all the recent innovations in the management, from 
modifiable risk factors to medical and surgical therapies.

This book should be delivered to the desk of all clinicians who demand for a 
comprehensive update on Colonic Diverticular Disease.

My compliments to the editors and all the authors who contributed to the edition 
of this book.

September 2nd, 2021 Peter Malfertheiner
Department of Gastroenterology, 

Hepatology and Infectious Diseases,
Otto-von-Guericke, University Hospital,

Magdeburg, Germany



vii

Preface

Although diverticular disease seems to be a neglected disease yet, in the past few 
years several fine papers have been published on this topic and help us to understand 
better the pathogenesis and the natural history of the disease. This book represents 
the state of the art of this disease, but much needs to be studied and understood, in 
particular what is the best treatment for patients suffering from symptomatic uncom-
plicated diverticular disease, how to prevent acute diverticulitis occurrence, and 
how to prevent its recurrence. Further studies are therefore warranted in the next 
few years.

The editors are very grateful to all the contributors for their high-quality manu-
scripts, which made the publication of this book possible.

The editors are also very grateful to Springer Nature for its support in publishing 
this volume. Furthermore, the authors wish to thank Catherine Mazars, publishing 
editor, and Karthik Rajasekar, project coordinator for Springer Nature, for their help 
and cooperation in preparing this book.

Barletta, Italy Antonio Tursi  
Goiânia, Brazil  Mauro Bafutto  
Roma, Italy  Giovanni Brandimarte  
Goiânia, Brazil  Enio Chaves de Oliveira   
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1Prevalence of Diverticulosis 
and Diverticular Disease

Alfredo Papa, Lorenzo Maria Vetrone, Atsushi Nakajima, 
and Eiji Yamada

1.1  Introduction

The most frequent anatomical alteration of the colon is diverticulosis, constituted by 
multiple outpockets with herniation of the mucosa and the submucosa. Diverticulosis 
is generally an age-related alteration and in most of the cases remains asymptomatic 
[1]. It is generally expected that about one-fourth/one-fifth of patients may develop 
symptoms linked to the presence of diverticula, and these patients are generally 
considered to be suffering from ‘diverticular disease’ (DD) [1]. It includes both 
diverticulitis with or without complications and symptomatic uncomplicated diver-
ticular disease (SUDD). The latter is the most frequent form of DD affecting about 
80% of all patients with symptoms attributable to diverticula [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93761-4_1&domain=pdf
https://doi.org/10.1007/978-3-030-93761-4_1
mailto:alfredo.papa@unicatt.it
mailto:nakajima-tky@umin.ac.jp
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The prevalence of diverticulosis and DD has been widely investigated. However, 
available data are not homogeneous and are often difficult to analyze since the diag-
nosis of diverticulosis and DD could be obtained with different diagnostic modali-
ties and in cohorts of patients not comparable for age, symptoms, and ethnicity, only 
for citing the most important confounding factors.

In this chapter, we report the results of the most important studies regarding the 
prevalence of diverticulosis and DD, analyzing data from Western and Eastern 
countries separately.

1.2  Prevalence of Diverticulosis in Western Countries

The actual prevalence of colonic diverticulosis is difficult to determine because 
most individuals with diverticula are asymptomatic. In addition, several epide-
miological studies report remarkable variations of prevalence rates and predomi-
nant location of diverticula depending on ethnicity. It is generally accepted that 
diverticula in Western countries are predominantly located in the left colon, 
whereas in Asian countries they occur predominantly in the right colon.

Colonoscopy remains the main tool used for the diagnosis of diverticulosis 
and DD; in fact, diverticulosis is the most reported finding on routine colonos-
copy, although endoscopic diagnosis of diverticulosis is generally incidental. 
However, other diagnostic techniques could be used to pose the diagnosis of 
diverticulosis. For example, Carabotti et al., during their analysis of an Italian 
registry, found that diagnosis of colonic diverticula was obtained by colonoscopy 
in 77.1% of cases, whereas in the other 22.9% of cases it was posed by abdomi-
nal CT (10.6% of cases), barium enema (5.1% of cases), ultrasound (4% of 
cases), and CT colonography (3.2% of cases) [3]. This means that a colonos-
copy-based study could lose about 23% of cases and therefore underestimated 
the prevalence. Epidemiological studies report that the prevalence of diverticulo-
sis in Europe and North America ranges from 20 to 42% [4–6], whereas it is 
lower in Africa (usually under 10%), reflecting not only different dietary habits 
and lifestyle but also genetic background [7, 8]. Further data are obtained from a 
French cohort of 796 consecutive patients referred for total colonoscopy; 40% of 
these showed uncomplicated diverticulosis [9]. In this population, the prevalence 
of colonic diverticula increased from <10% in adults under 40 years of age to 
about 75% in those over 75 years of age, and nearly one- third presented with 
right-sided involvement [9]. Pooled data from the endoscopy database of the 
Clinical Outcomes Research Initiative (CORI) showed a prevalence of diverticu-
losis of 32.6% in patients aged 50–59  years [10]. This percentage steadily 
increased to around 71.4% of all examinations in patients aged ≥80 years [10]. 
To conclude, we can affirm that the prevalence of diverticulosis in Western coun-
tries has been increasing in the last few decades due to both the increasing spread 
of colonoscopy, especially for colorectal cancer screening reasons, and the grow-
ing age of the population.

A. Papa et al.
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1.3  Prevalence of DD and Diverticulitis 
in Western Countries

DD and its complications represent a burden for health-care systems all over the 
world. Data obtained from ambulatory surveys (National Ambulatory Medical Care 
Survey and National Hospital Ambulatory Medical Care Survey) in 2010  in the 
United States showed that DD is the eighth most frequent outpatient gastrointestinal 
diagnosis with 2.7 million clinic visits [11]. In addition, the 2012 Nationwide 
Inpatients Sample (NIS) reported that cases with diverticulitis without hemorrhage 
admissions were more than 200,000 with an increase of 21% when compared to the 
2003 data [11]. Diverticular hemorrhage (included in gastrointestinal hemorrhage 
diagnosis) had an adjunctive burden of admissions and costs. In 2003, Delvaux et al. 
reported an estimation of the prevalence of DD in the European Union (EU), which 
included at that time 15 countries with a total population of 376,481,775 inhabitants 
[12]. About 27.3% of the EU population, corresponding to more than one hundred 
million people, had colonic diverticula. According to the authors’ assumptions, the 
number of perforation cases/year was 60,237 and the annual rate of hospital admis-
sion for DD was nearly 800,000 [12].

The Scottish Morbidity Records, a cohort study including all patients with a 
hospital admission for DD as the primary diagnosis, reported data on 90,990 admis-
sions from 2000 to 2010 [13]. It showed that the increase in admissions for DD 
during the study period was higher than the admission rate for all digestive diseases 
or for all kinds of admissions in the same period of time, with an average annual 
increase of 4.5% [13]. This finding confirms the increasing prevalence of DD in the 
last few decades. In the same study, the standardized mortality ratio (SMR) among 
patients having a first admission for DD was also assessed. Data were divided 
according to the primary management of DD, surgical or medical, and according to 
the admission route, in election or in emergency. The highest SMR of 4.95 was 
observed among patients having an operative primary management in the group of 
age ≤ 55 years in case of an emergency admission route compared to an SMR of 
2.80 for patients with the same age but with an elective admission route [13]. As 
expected, mortality rates were lower in the case of nonoperative management. Binda 
et  al. reported Italian data regarding 174,436 hospitalizations for DD with an 
increasing rate in the 2008–2015 period from 39 to 48 per 100,000 inhabitants 
(p < 0.001) [14]. The rate of hospitalization was higher for women, but the increas-
ing trend over time was even more pronounced among men (mean increase per year 
3.9 and 2.1% among men and women, respectively) (p < 0.001) [14]. Putting these 
data together, we can observe that the incidence of diverticulitis has increased over 
time and increases with patient age. In particular, in recent decades, the relative 
increase in diverticulitis has been the highest in young patients as reported by 
Bharucha et al. who found that, from 1980 through 2007, the incidence of diverticu-
litis in individuals aged 40–49 years increased by 132% [15].

With regard to the prevalence of acute diverticulitis in patients with diverticu-
losis, it has been suggested that the lifetime risk of acute diverticulitis is 10–25% 
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[16]. However, these risk estimates were based on older literature without accu-
rate studies on the true prevalence. A recent retrospective observational cohort 
study including 2222 patients with baseline diverticulosis identified at colonos-
copy has addressed this issue, providing information on the long-term risk of 
complications of colonic diverticulosis [17]. Over an 11-year follow-up period, 
95 patients developed diverticulitis (4.3%; 6 per 1000 patient years); of these, 23 
met the rigorous definition of diverticulitis (1%; 1.5 per 1000 patient years) [17]. 
Further data were reported by Loffeld in a cohort of 433 patients with diverticu-
losis undergoing colonoscopy [18]. The sum of follow-up years was 6191, with 
a mean follow-up of 14.1 years per patient [18]. A total of 30 cases of diverticu-
litis (7%) were identified corresponding to 4.8 cases per 1000 years [18]. Based 
on these population-based colonoscopy studies, the natural history of colonic 
diverticulosis seems favorable with a far lower incidence of complications, thus 
contradicting the common belief that diverticulosis has a high rate of 
progression.

1.4  Prevalence of Complicated Diverticulitis 
in Western Countries

Complicated diverticulitis, as defined by the presence of any of the manifestations, 
such as abscess, peritonitis, obstruction, or fistula, is burdened with considerable 
morbidity and mortality [1, 2]. Complications of acute diverticulitis occur in 
approximately 12% of patients [15], and mortality after complicated diverticulitis is 
the highest among individuals with perforation or abscesses [19]. In fact, in a 
population- based cohort study performed in the United Kingdom, mortality at 
1 year was 20% in patients with perforated diverticulitis compared to 4% in age- 
and sex-matched controls [19].

A population-based cohort study based on computerized records from the 
General Practice Research Database linked to Hospital Episode Statistics data 
from the UK found that increasing episodes of acute diverticulitis were associ-
ated with an increased risk of developing a fistula (two or more prior episodes; 
OR 1.54, 95% CI 1.08–2.19), but there was no clear relationship with stricture 
or perforation/abscess [20]. In addition, diverticular bleeding is a common 
cause of lower gastrointestinal hemorrhage in adults, sometimes requiring sur-
gery or arterial embolization after the failure of endoscopic hemostasis [21]. 
Wheat and Strate analyzed data from the Nationwide Inpatient Sample from 
2000 through 2010 and identified adult patients with a discharge diagnosis of 
diverticular bleeding or diverticulitis [22]. They reported that the prevalence of 
hospitalizations per 100,000 persons for diverticular bleeding decreased over 
the 10-year period from 32.5 to 27.1 (−5.4; 95% confidence interval − 5.1 to 
−5.7) and that the prevalence of diverticular bleeding was the highest in Blacks 
(34.4/100,000 in 2010), whereas the prevalence of diverticulitis was the highest 
in whites (75.5/100,000 in 2010) [22].
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1.5  Prevalence of SUDD and Progression from SUDD 
to Diverticulitis

As previously reported, most DD patients suffer from SUDD; they have a low qual-
ity of life, requiring frequent therapeutic courses [1, 2]. Tursi et al. found that SUDD 
was recorded in about 7% of the patients having diverticulosis [23]. Furthermore, 
they showed that a small but not irrelevant percentage of patients suffering from 
SUDD occurred after an episode of acute diverticulitis. This clinical entity, defined 
as post-diverticulitis (PD)-SUDD, was found in about 2% of the patients having 
diverticulosis [23]. Overall, considering the prevalence of ‘primary’ SUDD and 
PD-SUDD, it affected about 10% of patients having diverticulosis. Four studies 
investigated the outcomes of SUDD in terms of occurrence of acute diverticulitis 
and its complications [24–27]. The first study performed by Salem et al. in 2007 
included 167 SUDD patients during a 5-year follow-up [24]. Acute uncomplicated 
diverticulitis occurred in only 1.7% of cases, and only a single patient underwent a 
sigmoid colectomy for recurrent symptoms [24]. The second study was a prospec-
tive, open-label study that compared SUDD patients taking either 800 mg of mesa-
lamine b.i.d. for 10 days every month or no mesalamine [25]. Gatta et al. reported 
acute diverticulitis occurrence in eight SUDD patients (10.4%) not taking mesala-
mine during a 5-year follow-up [25]. The third was a double-blind placebo- 
controlled study assessing the role of mesalamine, with or without probiotics, in 
maintaining remission in SUDD patients during a 1-year follow-up [26]. The 
authors found that acute diverticulitis occurred in 3.5% of patients [26]. Recently, 
Tursi et al. performed a 13-year analysis on an SUDD population and found that 
acute diverticulitis occurred in a significant percentage of patients. Indeed, during 
the follow-up, about 8% of patients developed acute diverticulitis and 1.1% died 
from diverticulitis complications [27]. Taking all the data together, the risk of acute 
diverticulitis occurrence in SUDD seems to be significantly higher than the risk in 
people who have simple diverticulosis, in whom acute diverticulitis occurs in 4.3% 
of cases [17].

1.6  Prevalence and Characteristics of Diverticulosis and DD 
in Eastern Countries

The most important feature of diverticulosis in the Eastern countries is that it is 
predominant in the right-sided colon. The prevalence of diverticulosis in the Eastern 
countries is reported to be 13–25%, and right-sided diverticula are common. 
Colonoscopy-based studies have shown that the prevalence of diverticulosis was 
12% in Korea (mean age: 51  years) and 14% in Taiwan (mean age: 53  years). 
Barium-based studies in Japan have shown a significant increase in the prevalence 
of diverticulosis from 2.1% in 1967 and 7.8% in 1983 to 28% in 1997. In Korea, 
15% of patients with colonic diverticulosis had left-sided diverticula, whereas half 
of the Japanese and Taiwanese populations with colonic diverticulosis had 
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left- sided diverticula. It is interesting that the prevalence of diverticulosis in Lebanon 
was 33% (mean age: 61  years), and most subjects had left-sided diverticulosis. 
However, other studies from the Middle East suggest a much lower prevalence with 
predominantly right-sided diverticulosis [28]. Very recently, a colonoscopy-based 
study in Singapore has shown that the prevalence of diverticulosis progressively 
increased from 2006 to 2016 (14.9 vs 23.9%, adjusted trend <0.001), with an overall 
prevalence of 19.6%. Patients with diverticulosis were older and had higher body 
mass index, and diverticulosis was significantly more prevalent in Chinese than in 
Malay and Indian races (20.5 vs 18.9 vs 15.5%, P < 0.05). Right-sided diverticulo-
sis was more common than left-sided or pan diverticulosis (16.2 vs 8.3 vs 4.8%, 
P < 0.05). As Singapore is a multiethnic country with rapid recent westernization, 
this report is of great interest for understanding the recent situation of diverticulosis 
in Eastern countries [29].

A recent Japanese colonoscopy-based study has shown that diverticulosis was 
detected in 11,771 (18.8%; 10,023 men and 1748 women) out of 62,503 subjects 
(47,325 men and 15,178 women; age: 52.1 ± 9.2 years). The incidences of diver-
ticulosis in 1990–2000 and 2001–2010 were 13.0% (3771 of 29,071) and 23.9% 
(8000 of 33,432) respectively: the latter was much higher than the former in all age 
groups and for both genders. According to the analysis of the location of diverticular 
disease, left-sided ones significantly increased with age but did not significantly 
change with time [30]. In studies analyzing the risk factors for the development of 
diverticulosis in Asian countries, a colonoscopy-based study in Singapore has 
shown that age (odds ratio (OR) 1.060, 95% confidence interval (CI) 1.052–1.068), 
BMI (OR 1.051, 95% CI 1.028–1.075), male gender (OR 1.317, 95% CI 
1.084–1.600), and abdominal pain (OR 1.409, 95% CI 1.168–1.699) were posi-
tively associated with diverticulosis, whereas constipation (OR 0.566, 95% CI 
0.452–0.709) was negatively associated with diverticulosis [29]. In Japan, it has 
been demonstrated that age (β  =  0.217–0.674, OR  =  1.24–1.96), male gender 
(β = 0.185, OR = 1.20), smoking (β = 0.142–0.200, OR = 1.15–1.22), severe weight 
increase in adulthood (β = 0.153, OR = 1.17), HbA1c (β = 0.136, OR = 1.15), drink-
ing (β = 0.109, OR = 1.11), and serum triglyceride (β = 0.098, OR = 1.10) showed 
significantly positive association with diverticulosis, whereas body mass index and 
blood pressure did not by utilizing the multiple logistic analysis calculating stan-
dardized coefficients (β) and odds ratio (OR) [30]. In the past, the association 
between constipation and colonic diverticulosis has been pointed out, but, in recent 
years, reports of an inverse correlation have been seen from Asia [29, 31, 32]. In 
conclusion, colonic diverticulosis is increasing in Asian countries and is predomi-
nantly present on the right side of the colon in Asian countries. This increase may 
be associated with the adoption of a Western lifestyle, and the incidence of left- 
sided diverticulosis has markedly increased with age. Although it is difficult to 
make a pure comparison of the incidence of diverticulosis between Western and 
Eastern populations because of differences in patient background and evaluation 
methods of diverticulosis, the incidence of diverticulosis seems to be slightly lower 
in Asia than in Europe and the United States.

A. Papa et al.
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1.7  Prevalence of DD and Diverticulitis in Eastern Countries

There are few reports showing the incidence rate of colonic diverticulitis in Asia. 
Different from Western countries, right-sided diverticulitis shows a higher incidence 
in Asian countries [33–36]. It is reported that 38% of diverticulitis was on the right 
side and 49% was on the left side of the colon in Singapore [33] and also that 76% 
of diverticulitis was on the right side and 24% on the left side in Korea [34]. Patients 
with right-sided diverticulitis are significantly younger, but the incidence of overall 
complications is higher on the left side. A Japanese multicenter study showed that 
diverticulitis of the left side was significantly more frequent (61.0%) in elderly 
patients although significantly more eligible patients presented with right-sided 
diverticulitis (70.1%) [36]. Another Japanese multicenter study showed that the 
mortality rate of colonic diverticulitis was significantly higher in patients with com-
plications than in those without complications (2.8 vs. 0.2%) [37]. It is also reported 
that the mortality rate was significantly higher in patients with left-sided diverticu-
litis than in patients with the right-sided one (10.8 vs. 0%) [34].

Reports from Asia indicate that patients with colonic diverticula have a high 
incidence of abdominal pain, especially irritable bowel syndrome-like symptoms. 
The frequency is particularly high in patients with left-sided diverticulosis [37, 38]. 
This result suggests that the right side and the left side may both have different 
pathologies. There are no reports of SUDD in Asia. A report from Japan on diver-
ticular bleeding showed that the cumulative incidence of bleeding from diverticulo-
sis was approximately 2% in 5  years and 10% in 10  years and that the overall 
incidence was 0.46 per 1000 patient years, and an age of more than 70 years and 
both-sided diverticulosis increased the risk of bleeding [39]. Another report in Japan 
also showed that the incidence of diverticular bleeding was 1.5%, the mean age was 
69.7 years with a higher incidence in men (66.3%), and the bleeding was predomi-
nantly of the both-sided type (47.0%) [40]. The proportion of diverticular bleeding 
increased significantly from 1.02% (22 of 2157 subjects) in 2003 to 1.67% (69 of 
4159 subjects) in 2011. Using a national database in Japan, it is estimated that the 
in-hospital mortality rate in patients with diverticular bleeding was 0.7% [41]. To 
conclude, although the prevalence of diverticulitis is unknown in Asia, it is more 
common on the right side, but left-sided diverticulitis increases with age, and com-
plications and mortality are higher on the left side. Diverticular bleeding is increas-
ing in Asia and occurs bilaterally. SUDD has not yet been reported in Asia, but 
diverticulosis with IBS symptoms is more common on the left side than on the right.

1.8  Conclusions

The prevalence of diverticulosis and DD, which includes both diverticulitis with its 
complications and SUDD, has been increasing in the last few decades. This is attrib-
utable to both the increase in the average age of the population and the increasing 
diffusion of diagnostic methods, especially colonoscopy, mainly for colorectal 
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cancer screening. It is not easy to compare the prevalence data of diverticulosis 
between populations of Western and Eastern countries due to the nonhomogeneity 
of the different studies; however, it seems to be slightly lower in Asia than in Europe 
and the United States. Although the prevalence of diverticulitis is unknown in Asia, 
it is more common on the right side unlike in Western countries where it is found 
mostly in the left colon. Finally, diverticular bleeding prevalence is on the rise in 
both Asia and the United States; however, in Asia, it can occur bilaterally, whereas 
in the West it is more common in the left colon.
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2Burden of Diverticulosis and Diverticular 
Disease

Maria Alessandra Brandimarte, Enrico Di Rosa, 
Lorenzo Paglione, and Carolina Di Paolo

2.1  Diverticulosis and Diverticular Disease: 
A Neglected Condition?

The term “diverticular disease” (DD) covers a variety of conditions associated with 
the presence of colonic diverticula, herniations of the colonic mucosa through the 
muscular membrane and the clinical manifestations associated with their inflamma-
tion [1]. DD represents one of the most common gastrointestinal diseases in the 
Western industrialized countries, and the prevalence tends to increase with increas-
ing age, thus showing an increasing incidence in younger patients [2]. Diverticulosis 
remains clinically asymptomatic in most patients during their lifetime, but up to 
25% of them develop symptoms and up to a quarter experience at least one episode 
of acute diverticulitis (AD), an acute inflammatory process of diverticula with vari-
ous complications (e.g., perforation, obstruction, fistula, etc.) described in 15–20% 
of cases [3–6]. AD incidence has been increasing in the last few decades, represent-
ing one of the main reasons for hospitalization for DD patients and consequently 
one of the factors that most impact the disease burden [3, 7]. The Global Burden of 
Disease in 2019 assessed DD as the leading cause of death in the group “other 
digestive diseases”, which includes various codes of International Statistical 
Classification of Diseases and Related Health Problems, tenth Revision (ICD-10) [8].

Despite the significant epidemiological burden and the consequent impact on 
health services of this condition, there are no major studies in European countries 
that evaluate its impact.
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2.1.1  An Overview

The complexity of this multifactorial condition has so far not been accompanied by 
guidelines that explain causal pathways and management paths.

Different aspects of management and treatment of DD patients are still contro-
versial. Some studies with the aim of summarizing the most recent evidence show 
that it is crucial to determine a patient’s optimal stratification level according to the 
severity of the disease to guarantee therapeutic success [9–12]. For this reason, it 
seems essential to deepen and implement the most recent radiological and endo-
scopic classifications to guide the management of this condition.

At present, this condition is ranked as the fifth most important gastrointestinal 
disease in terms of direct and indirect costs [13]. In Italy, some studies tried to esti-
mate the burden of DD on health-care expenditure using hospitalization data [3, 7, 
14]. As already pointed out, in most patients, DD occurs in an asymptomatic or a 
paucisymptomatic manner, and so, the use of hospital data does not seem to be 
exhaustive for an assessment of the impact of this disease on health services. It was 
also assessed that only a small percentage of hospitalized patients are admitted spe-
cifically for DD [5].

Therefore, both to evaluate and to contain the economic impact of this condition, 
and to optimize the management of patients at different levels, it seems crucial to 
implement the systematization of a tool for taking charge through territorial primary 
care structures up to acute hospitals, in which the most complex situations can be 
managed.

2.1.2  Integrating Data for a Better Healthcare

Particularly in the Italian context, there is a lack of updated and usable information 
flows that can allow a valid exploration of the disease burden of diverticular disease 
in terms of public health. Beyond evaluations, which are necessarily partial, such as 
those from real-world data epidemiology [3] or from databases obtainable from 
groups of general practitioners [5], for example, there are no dedicated national or 
regional information flows. In this regard, the SDO flow [14] represents a precious 
ally for defining the burden attributable to diverticular disease not only in terms of 
hospital budget but also in terms of workload with regard to days of hospitalization. 
It therefore becomes important, starting from evaluations conducted by scientific 
societies [13], to carry out an overall advocacy work with competent administrative 
bodies to stimulate a national discussion on the subject.

Attention to the territorial management of diverticular disease is almost 
completely lacking in both the national and international panoramas. Moreover, 
in this case, there would be the possibility of collecting and evaluating data 
from outpatient specialist flows, which are unfortunately still extremely fragile 
in terms of reliability. The availability of such data could lead to, for example, 
the improvement of risk stratification capacity, appropriately directing patients 
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toward the most appropriate diagnostic and therapeutic paths, thus improving 
the outcome and quality of life.

Evaluation epidemiology, once again a public health tool for assessing the bur-
den of diseases, could thus actively contribute to the definition of needs and to an 
appropriate global care of the patient.

2.2  Risk Factors, Time to Act

The prevalence of diverticular disease is increasing [1, 2]. In addition to biomedical 
causal pathways, it is important, in view of the sustainability of health services, to 
act on risk factors related to habits and lifestyles. These are defined as partially 
modifiable health determinants although they are dependent in turn on other factors, 
as evidenced by the literature on social health inequalities [15]. Like all causal path-
ways in epidemiology, it is therefore necessary to frame the field from a broad point 
of view to be able to evaluate the actions to be taken in the fight against noncom-
municable diseases [16].

The importance of lifestyle, mediated by economic and cultural contexts, in the 
epidemiology of DD is well known. Evidence from ecological studies shows that 
DD is more prevalent in the so-called Western countries and also shows how the 
prevalence of this disease in the migrant population increases with the length of 
time spent in emigration countries [17]. This shows how the disease, and its burden 
in terms of public health, indeed has a strong sociocultural component, identified in 
some individual lifestyles typical of advanced capitalist countries.

There are two main areas of intervention in promoting individual healthy life-
style [18]: sedentary lifestyle [19, 20] and nutrition [21, 22], which are distinguish-
able by two specific risk factors, namely, the excessive consumption of meat [20] 
and the reduced intake of fibers, fruit, and vegetables [23, 24], while being aware 
that individual behaviors are attributable to what are defined as root causes or the 
social determinants of health [15], such as the degree of urbanization of the popula-
tion [25]. Public health professionals must frame the issue starting from the speci-
ficity of their discipline and the possibility of intervention given by the tools 
available. The prevalence of these risk factors within the population is also unequal 
among social classes [26].

With regard to the Italian population, from the data available from the informa-
tion and surveillance flows1 we found interesting results, which represent as many 
possibilities as possible for public health intervention.

1 Tables are extracted from a national database, COESDI, from the Italian Contributo all’Esposizione 
delle Disuguaglianze, literally “contribution of inequalities to exposure” [https://www.dors.it/tool-
dis/]. Data are from the Italian surveillance system, PASSI, Progressi delle Aziende Sanitarie per 
la Salute in Italia, literally “Progress by local health units towards a healthier Italy”.
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2.2.1  Physical Activity

Physical activity is one of the main public health problems [27] and is one of the 
main risk factors for chronic diseases, cardiovascular and metabolic [18, 27, 28]. It 
is a risk factor that is unequally distributed among social classes [29], strongly 
linked to the urban issue [30].

Physical activity, in terms of a sedentary lifestyle, is also one of the main risk 
factors for diverticular disease [31]. Promoting physical activity to reduce sedentary 
lifestyle and the prevalence of overweight and obese populations is one of the objec-
tives of the National Prevention Plan [32]. The declination of this theme in the 
context of diverticular disease poses a challenge to the public health sector, as it 
requires a differentiated intervention, for example, with respect to age groups. In 
fact, action on the school population, for example, is configured as a primary pre-
vention activity, whereas acting on the most advanced age groups, considering the 
growing prevalence of the disease [1], configures an intervention that is character-
ized more as secondary prevention (early detection of disease) if not tertiary (pre-
vention of adverse outcome).

A sedentary lifestyle represents one of the main priorities for public health inter-
vention in the Italian population, as it is highly prevalent in all age groups—more 
than 50% of the population in all age groups under analysis, male and female, is 
sedentary—and, above all, is strongly dependent on social inequalities (Table 2.1).

2.2.2  Healthy Eating

With regard to nutrition, the health promotion intervention can be declined in terms 
of primary or secondary prevention, by acting on the population in different age 
groups and with different health objectives. This aim can be achieved through cam-
paigns aimed at not only training subjects on the advantages of a healthy diet but 
also by acting on obstacles, regarding the accessibility of healthy foods throughout 
the year, with particular attention to the most disadvantaged sections of the popula-
tion. It is interesting to see how, based on the information available today on the 
Italian population, there is an inverse gradient regarding the consumption of meat, 
evidently a cultural heritage fueled by the ease of availability of fresh meats and 
sausages (Table 2.1). With regard to the consumption of fruit and vegetables, inter-
ventions should be promoted in the school environment, since, despite the lower 
impact of inequalities regarding the difference in prevalence in the Italian popula-
tion, younger age groups are those with the highest prevalence of low consumption 
of fruit and vegetables, indicating a possible trend in increased risk and also in 
diverticular disease.

Inequalities in food quality and accessibility are therefore one of the possible 
areas of action of public health and health promotion policies and practices, as they 
have a considerable impact on the health of the population. The action, therefore, 
must once again be targeted on a specific population, as there is a need to act not 
only on the individual person but also on the general cultural and social condi-
tions [33].
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2.2.3  Public Health Intervention on Reducing the Burden 
of Disease

Interventions of the preventive area generally fall within the national or local pre-
vention plans. These plans aim to reduce the burden of preventable diseases, with a 
view to promoting health.

Therefore, regarding the burden of disease, it is necessary to be able to identify 
not only the individual risk factors, an area of preeminence in biomedicine, but also 
to act on the social determinants of health that underlie them.

Table 2.1 Prevalence and population-attributable fraction of inequalities of the main risk factors, 
men and women by age group (extracted from COESDI)

Men Age 
classes

Prevalence Population-attributable 
fraction of inequalities

Low consumption of fruit and 
vegetables

30–44 25.2% 19.8%
45–54 19.8% 26.1%
55–64 14.9% 15.9%
65–74 10.7% 29.2%

Excessive consumption of meat
30–44 49.1% 5.2%
45–54 49.3% −1.6%
55–64 50.5% −2.4%
65–74 53.7% −3.6%

Sedentary lifestyle
30–44 43.6% 41.8%
45–54 51.3% 37.3%
55–64 52.1% 31.5%
65–74 52.3% 29.5%

Women Age 
classes

Prevalence Population-attributable 
fraction of inequalities

Low consumption of fruit and 
vegetables

30–44 17% 11.8%
45–54 12.5% 21%
55–64 9.6% 28.6%
65–74 8.9% 32.8%

Excessive consumption of meat
30–44 54.4% −0.8%
45–54 55.8% −4.8%
55–64 58.2% −5.3%
65–74 60% −2%

Sedentary lifestyle
30–44 52.5% 22.6%
45–54 55.1% 26.8%
55–64 57.6% 27.9%
65–74 64.3% 29.4%
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These types of health promotion interventions can be carried out by creating alli-
ances between clinicians, public health doctors, and institutions. Public health inter-
ventions should be aimed at younger age groups, working in concert with schools to 
promote physical activity and a healthier diet, to train the population and preserve 
their state of health. Valuable work can also be done through local administrations 
[34], favoring, from the point of view of spatial accessibility and temporal avail-
ability, the purchase of fresh products from local markets [35], with a view to co- 
benefit both environment and health [36].

Therefore, the assessment of social vulnerability, regarding diverticular disease, 
thus becomes a useful public health tool to reduce the burden on local and national 
hospital services, thus guaranteeing an overall empowerment of the population 
regarding the management of the disease.

2.3  A Public Health Approach

2.3.1  Management

The burden of disease of a pathology with a multifactorial etiology and a chronic 
degenerative course, with phases of exacerbation and the need for management in 
complex structures, is always rather complex to evaluate [37]. As previously 
described, real-world data or hospital information flows do not exhaust the neces-
sary epidemiological evaluation of the incidences, costs, complications, appropri-
ateness of care, and effectiveness of management. However, all these problems can 
become useful public health tools, especially if an effective integration of assistance 
tools and pathways between the territory, in its various forms, and acute-care hospi-
tals is achieved [38, 39].

The goal must be to act as secondary prevention, with respect to early manage-
ment to avoid complications, and as tertiary prevention, to reduce the overall burden 
of residual disability, especially after invasive interventions.

2.3.2  Risk Factors

Public health policies have the possibility of acting in three directions: reducing the 
incidence (and therefore the prevalence); reducing the burden of disease, improving 
the state of health of the population; reducing the growing commitment of hospitals 
with respect to diverticular disease, also with a view to an overall reduction in eco-
nomic and social costs.

Primary prevention and health promotion action can be practiced using a com-
munity- and population-based approach, through action mainly on the determinants 
of the disease, such as individual lifestyles. However, in this regard, it must be 
remembered that without an action on the social determinants of health, education, 
degree of urbanization, and income, it is difficult to reduce the burden of disease.
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2.4  Conclusions: A Proposal

The integration of disciplines can be a useful approach for combating the grow-
ing burden of diverticular disease. In fact, when comparing the disciplines, it is 
possible to define priorities in terms of areas of intervention to develop inte-
grated methodologies concerning prevention, management, and evaluation of 
pathways.

Nowadays biomedicine has made possible an effective resolution of diverticular 
disease, thanks to continuous technological development. Today it is more than ever 
a priority to address, starting from the experience gained in the development of 
diagnostic and assistance paths, to integrate this knowledge and skills with further 
possible actions in the field of public health, with a population view and an evalua-
tion approach.

In a perspective of sustainability and equity of health services, it is fundamental 
to create a synergy between disciplines to manage pathologies with multifactorial 
etiopathogenesis, especially in the European context where the constant process of 
aging of the population leads to a growth in health needs.
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3Genetics

Jaune Ieva Lukosiene and Juozas Kupcinskas

The etiology of colonic diverticular disease (DD) is considered to be a multifacto-
rial process, involving environmental and dietary factors, structural and functional 
changes of the colonic wall and enteric nervous system, and genetic predisposition 
[1]; however, to this day, the exact pathogenesis of this disease is incompletely 
understood. Compiled data from recent decades have indicated that genetic factors 
undoubtedly contribute to the development of the disease and to its complications 
[2]. This chapter provides an overview of the most significant findings in this field 
of research.

Prior to this time, the role of inherited factors in the development of DD seems 
to have been overlooked. The existing transethnic differences in prevalence rates 
and the predominant location of diverticula between Western and Asian populations 
(Asians are more likely to have acquired pseudodiverticula in the ascending colon, 
whereas Westerners tend to have acquired pseudodiverticula in the descending and 
sigmoid colon [3, 4]) were pointing toward the potential role of heritability in DD 
occurrence. An attempt to investigate the significance of genetics in the develop-
ment of the disease was made in two European epidemiological twin studies [5, 6]. 
Granlund et al. linked the Swedish Twin Registry to the Swedish Inpatient Registry 
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[5]. With the use of mathematical models, the heritability was estimated to be 40% 
in a cohort of twins with (2296 people) or without (102,156 people) DD, and the 
nonshared environmental effects were calculated to account for 60% of the trait 
variability [5]. A comparable result was evidenced by a Danish twin study. Using 
the Danish National Registry of Patients linked to the Danish Twin Registry, the 
heritability of DD was estimated to be 53% in a twin cohort comprising twins with 
(923 people) and without (29,399 people) DD [6].

The evidence described above suggests an important role of genetic predisposi-
tion in the development of DD. However, possible genetic variants involved in the 
pathogenesis of this common disease remain widely unknown.

One classical pathogenetic concept suggests that DD might develop due to weak-
ening of the colonic wall musculature, caused by structural alterations of the con-
nective tissue [7–9]. Two major extracellular matrix components, collagen and 
elastin, have been found to be altered in diverticular disease [8, 9]. In addition, 
studies have shown that matrix metalloproteinases or their inhibitors responsible for 
collagen metabolism are also altered in patients with DD [10, 11]. The hypothesis 
that these changes may be genetically predisposed is further supported by the fact 
that in some hereditary disorders of the connective tissue, including autosomal 
dominant polycystic kidney disease (ADPKD), Coffin–Lowry syndrome, Ehler–
Danlos syndrome (EDS) type IV, and Williams–Beuren syndrome, colonic diver-
ticula are observed in increased frequency and at an extremely early age [4, 12].

ADPKD is the most frequent hereditary renal cystic disease and one of the most 
common causes of end-stage kidney disease. Mutations in different genes, such as 
PKD1, PKD2, and PKD3, cause a similar phenotype. Diverticulosis is a common 
finding in ADPKD, with one research showing a prevalence of 83% [13] and another 
75% [14]. The diverticula are most commonly located in the right colon. Due to the 
higher prevalence and severity of diverticulitis in patients with ADPKD [15], a pro-
phylactic colectomy before kidney transplantation is recommended in some indi-
vidual cases. Although larger case series are needed, diverticulosis seems to be a 
plausible extrarenal manifestation of ADPKD.

The Coffin–Lowry syndrome is an X-chromosomal semidominant genetic dis-
ease that is caused by mutations in RPS6KA3, which encodes for ribosomal S6 
kinase 2. This kinase plays a role in skeletal and neural development. Mental retar-
dation is a defining feature of the syndrome, which is frequently associated with 
auditory and visual impairments as well as kyphoscoliosis. Despite the lack of 
larger case series, an autopsy case in siblings suggests that these patients might be 
prone to the development of diverticula [16].

EDS is an inherited heterogeneous group of connective tissue disorders charac-
terized by defects in collagen synthesis that affect the skin, ligaments, joints, blood 
vessels and gastrointestinal tract. Hyperelasticity of the skin and hypermobility of 
the joints are two major symptoms. EDS type IV is an autosomal dominant defect 
of type III collagen synthesis due to COL3A1 mutations. The phenotype is charac-
terized by a distinct facial appearance and spontaneous rupture of the bowel and 
large arteries. Small case series finding diverticulosis at an early age (two cases 
each) [17, 18], two larger studies finding 28% colonic complications [19], and 
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various intestinal complications in an older study [20] all suggest an increased prev-
alence of DD in EDS type IV.

The Williams–Beuren syndrome is a rare genetic disorder that is characterized 
by distinctive facial features, a varying degree of mental deficiency, growth delays, 
and cardiovascular malformations. It is caused by a deletion on chromosome 
7q11.23. The deleted region includes more than 25 genes (CLIP2, ELN, GTF2I, and 
LIMK1 are among the genes that are typically deleted). Gastrointestinal symptoms, 
such as gastroesophageal reflux, constipation, rectal prolapse, and hernias, are 
among the most common manifestations of the syndrome, as well as the occurrence 
of DD at an early age in one series (prevalence of 10.9% at a mean age of 26.9 years) 
[21] and a case report of diverticulitis in a 9-year-old boy [22].

Moreover, genetic loci and polymorphisms associated with maintenance of the 
connective tissue and degradation of collagen were identified in other pathologies, 
which, traditionally, are linked to connective tissue malfunction: rs2236479 located 
in the collagen XVIII (COL18A1) gene was identified as a candidate variant for 
pelvic organ prolapse in genome-wide association studies (GWASs) [23]. A whole- 
genome linkage analysis revealed that COL3A1 is linked to gastroesophageal reflux 
disease and identified AA homozygotes in rs3134646 as a risk factor for hiatal her-
nia in men [24]. In a Dutch study, the probability of pelvic organ prolapse was 
higher in women carrying the COL3A1 2209G > A allele [25]. A recent GWAS in 
patients with inguinal hernia has identified four single nucleotide polymorphisms 
(SNPs) in genes involved in the regulation of the connective tissue [26].

Thus far, only two small case–control studies using the candidate gene approach 
have attempted to identify certain SNPs in DD; however, they were underpowered 
to provide conclusive results [27, 28].

More recently, new data on genetic loci and polymorphisms involved in the 
occurrence of DD have become available. In 2018, a case–control study including 
422 patients with diverticulosis and 285 controls found an SNP (rs3134646) in col-
lagen type III alpha 1 chain (COL3A1) to be associated with the risk of developing 
colonic diverticulosis in white men [29].

The most important data supporting the role of genetic predisposition in DD 
have been obtained from three extremely recent genome-wide association studies 
(GWASs). The first genome-wide association study in DD and diverticulitis was 
performed in 2017  in Iceland and The Netherlands [30]. The study showed that 
intronic variants rs4662344 and rs7609897, established within the DNase hypersen-
sitivity sites located in Rho-GTPase-activating protein 15 (ARHGAP15) and the 
collagen-like tail subunit of asymmetric acetylcholinesterase (COLQ) genes, were 
linked to uncomplicated DD [30]. rs67153654 within an intron of FAM155A (fam-
ily with sequence similarity 155A) was also significantly associated with diverticu-
litis occurrence [30]. These were the first loci shown to associate with diverticular 
disease in a genome-wide study.

Additionally, one of the two largest to date GWASs was conducted in 2018 in the 
United States [31]. Maguire et al. analyzed 27,444 cases and 382,284 controls from 
the UK Biobank and tested for replication in the Michigan Genomics Initiative 
(2572 cases; 28,649 controls) [31]. The study identified 42 loci associated with DD 
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(39 of them novel), genes that are significantly enriched for expression in the mes-
enchymal stem cells and multiple connective tissue cell types and are coexpressed 
with genes that have a role in vascular and mesenchymal biology [31].

The largest GWAS to date employed the UK Biobank and imputed genotypes 
using 31,964 cases and 419,135 controls [32]. These associations were then repli-
cated in a European sample of 3893 cases and 2829 diverticula-free controls and 
evaluated for risk contribution to diverticulitis and uncomplicated diverticulosis, 
and they identified 48 genetic risk loci. The most significant novel risk variant 
rs9960286 was located near CTAGE1 (cutaneous T-cell lymphoma-associated anti-
gen 1), and the most significant novel replicated risk variant rs60869342 was located 
in NOV (nephroblastoma overexpressed) [32]. Based on 95% confidence intervals 
(CIs), the authors found four loci having stronger effects for diverticulitis, namely, 
variants at PHGR1 (proline, histidine, and glycine-rich 1), FAM155A-2, calcitonin- 
related polypeptide beta (CALCB), and the S100A10 locus [32].

The functional link between DD and many of the genes identified by the afore-
mentioned GWAS is unknown. To confirm gene-variant associations, functional 
characterizations should yet be established. However, it is noteworthy that among 
genes in the newly determined risk loci associated with DD, many have a role in 
immunity, extracellular matrix biology, cell adhesion, membrane transport, and 
intestinal motility, thus contributing to the pathophysiology of the disease [31] 
(Fig. 3.1).

The genetic data from all three GWASs clearly show that DD is primarily a dis-
order of intestinal neuromuscular function and impaired connective fiber support, 

Fig. 3.1 Plausible functional characteristics of GWAS identified risk loci associated with diver-
ticular disease
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while an additional diverticulitis risk might be conferred by epithelial dysfunction- 
related genes. To date, there are no studies evaluating how identified genetic risk 
factors could serve for clinical decision-making in DD prevention or management, 
and these subjects are topics for future research.
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4Neuromuscular Function Abnormalities

Gabrio Bassotti , Carolina Pellegrini, 
and Nunzia Bernardini

4.1  Introduction

Colonic diverticular disease (CDD) is a commonly encountered condition in clini-
cal practice, with clinical manifestations ranging from being completely silent 
(diverticulosis) to complicated diverticulitis [1–3]. The pathogenesis of CDD and its 
various clinical manifestations have been related to several pathophysiological 
mechanisms that, however, have not been fully elucidated to date [4]. An important 
point to consider is that the etiology of CDD is likely multifactorial, with different 
biological mechanisms underlying different clinical manifestations [4]. Among 
these mechanisms, certain importance has been attributed to the presence of neuro-
muscular dysfunction, and this hypothesis is actually supported by literature evi-
dence [5–7], even though there are still some controversial issues. The various 
aspects of possible neuromuscular function abnormalities in CDD will be reviewed 
in this chapter.
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4.2  Microscopic and Molecular 
Neuromuscular Abnormalities

The enteric neuromuscular compartment consists of the enteric nervous system 
(ENS) and muscular layers. The ENS, including the myenteric plexus (or Auerbach’s 
plexus) and the submucosal (Meissner’s) plexus, is an intrinsic neuronal semiau-
tonomous network, which regulates digestive functions and cooperates with the 
central nervous system through sympathetic and parasympathetic pathways [8]. It 
contains primary afferent neurons, interneurons, motor neurons (protein gene prod-
uct 9.5 (PGP9.5), and type 1 neuronal nuclear antibodies (HuC/D)-positive), which 
regulate bowel motility by acting on different effector cells in both the myenteric 
and muscular compartments, such as the interstitial Cajal cells (ICCs) and the 
smooth muscle cells (SMCs) [9, 10]. ICCs are the main non-neuronal cells, which 
coordinate gastrointestinal motility, and can be classified into the following groups: 
submucosal ICCs (ICCs-SM), located on the submucosal surface of the colonic 
circular muscle; myenteric ICCs (ICCs-MY), forming a cell network along the 
myenteric plexus between the longitudinal and circular layers of the tunica muscu-
laris; and intramuscular ICCs (ICCs-IM), distributed within the longitudinal and 
circular muscle layers. ICCs are regarded as pacemaker cells, generating spontane-
ous and rhythmic electrical activity, and as intermediaries in signal transmission 
from enteric neurons to smooth muscle cells (SMCs) [8]. SMCs are characterized 
by three types of filaments: thin actin filaments, thick myosin filaments, and inter-
mediate filaments. The latter link the cytoplasmic dense bodies to dense bands along 
the inner face of the plasma membrane. In addition, they display gap junctions, 
including connexins, on the plasma membrane to allow the transmission of signal-
ing molecules from innervated SMCs to noninnervated neighboring SMCs [11]. 
pS368-Cx43, protein kinase C phosphorylated substrates (PKCps), RhoA, and 
smooth muscle α-actin (αSMA) regulate gap junction functionality and SMC con-
tractile activity [12, 13]. Another important component of the ENS is represented by 
the enteric glial cells (EGCs), associated with submucosal and myenteric neurons 
and also located in proximity to epithelial cells [8, 14, 15]. In addition, EGC termi-
nal endfoot processes run to the epithelial basement membrane and blood capillar-
ies [16]. Notably, EGCs maintain enteric neuron homeostasis, regulate colonic 
motility, and have been recently considered capable of preserving intestinal epithe-
lial barrier integrity [14, 17, 18]. EGCs (S100β or glial fibrillary acidic protein 
(GFAP)-positive) release several neurotrophic factors, including glial cell line- 
derived neurotrophic factor (GDNF) and neuregulin 1 (NR) that, through Ret proto- 
oncogene (RET) [19] or ErbB2/ErbB3 signaling, respectively, contribute to ENS 
growth, differentiation and synaptic plasticity, as well as to the regulation of bowel 
motility [18, 20].

Of interest, CDD patients, including asymptomatic subjects with diverticula and 
those with symptomatic complicated or uncomplicated diverticulitis, are character-
ized by substantial molecular and morphological alterations of the enteric neuro-
muscular compartment that could contribute to bowel dysfunctions, including motor 
disturbances and visceral hypersensitivity [21–23]. Considering the ENS, both 
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symptomatic and asymptomatic patients display an increased number of nerve 
fibers in the diverticular area, whereas patients with symptomatic uncomplicated 
diverticular disease (SUDD) show active nerve fiber outgrowth characterized by 
extensive axonal sprouting [24]. In addition, complicated DD and SUDD patients 
are characterized by loss of enteric neurons, hypoganglionosis, and imbalance in 
myenteric (e.g., acetylcholine, substance P, nitric oxide, vasoactive intestinal poly-
peptide and serotonin, calcitonin gene-related peptide) and pain-mediating (e.g., 
galanin, neuropeptide K) neurotransmitters [21, 23, 25–28]. Moreover, significant 
changes in the density and morphology of ICCs-SM and ICCs-MY in DD patients 
have been documented [21] (Fig. 4.1). These alterations may account for the dys-
function of the rhythmic activity of intestinal muscle cells observed in CDD patients.

Of note, CDD patients are also characterized by alterations of the number, mor-
phology, and expression of molecular pathways of EGCs that could further contrib-
ute to bowel symptoms. In particular, there is evidence of a decrease in the density 
of S100-positive cells in the myenteric plexus of CDD patients (Fig. 4.2) [21, 26], 
even though a recent study has documented an increased expression of S100β in 
both the submucosal and myenteric plexus of CDD patients without changes in 
EGC numbers, suggesting the occurrence of enteric gliosis in CDD [29]. These 
discrepancies could be ascribed to different experimental setups, including patient 
recruitment or the use of different EGC markers. Indeed, EGC subpopulations could 
be differently affected during the pathophysiological course of CDD [30]. Of note, 
both symptomatic and asymptomatic CDD patients are characterized by a down-
regulated mRNA expression and immunoreactivity of GDNF family receptor alpha 
1 (GFRα1) and RET in the colonic myenteric plexus, whereas only symptomatic 
patients display decreased mRNA GDNF levels [31]. These results point out that 
CDD is associated with alterations at the gene and protein levels of GDNF signaling 
that could contribute to the alterations of colonic motility. Besides GDNF signaling, 
a decreased mRNA expression and immunoreactivity of the NRG1-ErbB2/ErbB3 
system and nicotinic acetylcholine receptor (nAChR) subunit b4 has been observed 

a b

Fig. 4.1 Representative images of ICCs in the myenteric ganglia (ICCs-MY) of colonic speci-
mens from control subjects (a) and colonic diverticular disease patients (b). CDD specimens con-
tain fewer ICCs, which display abnormal, pruned, and shortened extensions. Immunostaining is 
done with the anti-c-Kit antibody (CD117), DAB is enhanced with nickel, and nuclear counter-
staining is with fast red. Original magnification ×40
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in colonic myenteric ganglia from CDD patients. In particular, morphological anal-
yses showed decreased and patchy NRG1, ErbB3, and nAChRb4 immunopositivity 
in both neuronal somata and ganglionic neuropil [32].

Of interest, CDD patients display severe abnormalities of the enteric muscular 
compartment that could contribute to functional bowel disorders. In particular, an 
increased thickness of the circular and longitudinal muscle layers, shortening of the 
taeniae, and altered smooth muscle architecture, including irregular muscle bundle 
orientation, decrease in smooth muscle myosin heavy chain (MYH11) gene and 
protein expression, and abnormal elastin and collagen deposition, have been docu-
mented in patients with both diverticulosis and complicated CDD [33–35]. In addi-
tion, a decrease in Cx26, Cx43, PKCps, and RhoA expression has been observed in 
colonic SMCs from CDD symptomatic patients (Fig. 4.3). These molecular changes 
in SMCs could facilitate a collapse and/or weakening of tensile strength in the 

a b

Fig. 4.2 Representative images of double immunofluorescence of HuC/D (red neurons)-GFAP 
(green glial cells) in the myenteric ganglia of normal (a) and colonic diverticular disease (b) 
human colon. A reduced density of S100-positive cells is visible in CDD specimens. Original 
magnification ×40

a b

Fig. 4.3 Representative images of Cx43 immunostaining in the tunica muscularis of the colon 
from control subjects (a) and colonic diverticular disease patients (b). A patchy distribution of 
Cx43 staining is appreciable in smooth muscle cells of CDD specimens with a lot of Cx43-negative 
cells and scattered cells with CX43 stockpiles. Original magnification ×40
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tunica muscularis [36]. Others show that CDD patients also display rearrangements 
in the expression of enteric neurotransmitter receptors in the colonic tunica muscu-
laris, in both symptomatic and asymptomatic forms: a decrease in 5HT-4 serotonin 
receptors was documented in diverticulitis patients [27] along with an upregulation 
of subtype 3 muscarinic receptors in uncomplicated CDD patients [37].

Of note, alterations of ICCs-IM appearance and distribution in colonic muscle 
layers from complicated CDD patients have also been detected. In particular, the 
c-Kit network was rarefied and disarranged as a consequence of morphological 
alterations of ICCs, which showed curtailed and blunted processes along with a 
decrease in ICC density in both circular and longitudinal layers [36].

4.3  Abnormal Motility Function

The presence of abnormal colonic motility as a contributing pathogenetic factor in 
patients with CDD has been suggested long ago. Based on the observation of 
increased motility in both the basal state and after meal ingestion, the authors 
hypothesized that increased intraluminal pressures arising in the affected segments 
might be related to the formation of diverticula [38, 39]. However, the studies sub-
sequently carried out to confirm this hypothesis have yielded (likely due to the het-
erogeneous methods of recording colonic motility in these patients) conflicting 
results. In fact, significant increases in motility both basally and after eating in CDD 
patients, compared to controls, were documented manometrically or electromyo-
graphically in some studies [40–43], whereas other investigations did not demon-
strate significant differences in colonic motor activity between CDD patients and 
controls [44–46]. The discrepancies between the above-mentioned studies might, 
however, be likely due to the heterogeneous methods of recording colonic motility 
in these patients, short recording periods, different kinds of patients, and the fact 
that most investigations were actually carried out in the rectum or at the rectosig-
moid junction, thereby missing the diverticular area [5].

A few subsequent studies were carried out for investigating more proximal 
colonic segments for prolonged (24  h) periods of time and for positioning the 
recording catheters within the diverticular tracts by means of colonoscopy. One 
study evaluated colonic motility in patients with asymptomatic CDD (diverticulo-
sis); compared to controls, patients with diverticulosis had an overall significant 
increase in colonic motor activity in the segments harboring diverticula, also show-
ing an exaggerated motor response to meal ingestion, especially in the sigmoid 
colon [47]. Of interest, in the patients’ group, a significant increase in high- amplitude 
propagated contractions, the manometric equivalent of mass movements, was 
recorded [48]. Another study, carried out in patients with SUDD revealed that, com-
pared to controls, the diverticular segments of these patients displayed a significant 
increase in regular contractile pattern duration, mostly represented by activity of 
2–3 cycles/min. It is worth noting that in about 30% of patients (but not in controls), 
this activity was accompanied by pain similar to that experienced at home [49].
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However, these studies may be insufficient to draw firm conclusions on the evi-
dence of abnormal colonic motility in CDD patients, as stated in a recent review 
[50]. Most of the criticisms were related to the technological limitations during 
recordings obtained with low-resolution manometric techniques. Indeed, recent 
preliminary evidence provided by high-resolution recordings suggest that, at least 
for patients with diverticulosis, there could be no significant differences in colonic 
motility compared to controls [51].

4.4  Abnormal Visceral Perception

Visceral perception has also been quite a neglected topic in CDD, with only a cou-
ple of studies addressing the matter. In a first barostat/motility study, diverticular 
(sigmoid) and non-diverticular (rectal) segments were investigated, comparing 
patients with diverticulosis and SUDD with healthy controls [52]. Compared to 
asymptomatic diverticulosis and controls, the perception of rectal distention was 
increased in SUDD patients; rectal compliance did not show significant differences 
between the three groups. Moreover, compared to controls, but not asymptomatic 
diverticulosis, SUDD patients displayed increased sigmoid perception before and 
after meals, whereas the sigmoid colon compliance was similar between the three 
groups. These results demonstrated that in patients with SUDD, but not in those 
with symptomatic diverticulosis, colonic distention evokes increased perception in 
both the affected diverticular segments and in the unaffected ones (rectum). This 
increased perception is not related to abnormal colonic wall compliance, suggesting 
that the colonic abnormalities may be related to motor/perceptive functions and 
might be responsible for some of the symptoms reported by the patients [52].

This hypothesis was subsequently confirmed in another study in which asymp-
tomatic diverticulosis and SUDD patients were investigated by sigmoidoscopy, fol-
lowed by biopsy sampling 5–10 days later by rectal barostat testing [53]. Compared 
to asymptomatic patients, SUDD patients had a lower first-reported threshold to 
pain, a higher median overall pain score, and a greater relative expression of neuro-
kinin- 1 and tumor necrosis factor alpha mRNA. There was a significant correlation 
between barostat pain scores and neurokinin-1 expression. These results suggested 
that SUDD patients exhibit visceral hypersensitivity mediated by low-grade inflam-
mation and upregulation of tachykinins [53].

4.5  Conclusions

Overall, both symptomatic and asymptomatic CDDs are associated with ENS neu-
roplasticity, mainly characterized by rearrangements of enteric neuronal coding, 
hypoganglionosis, and nerve fiber remodeling along with alterations of the density 
and morphology of ICCs and EGCs and changes in the expression of neuronal and 
glial molecular pathways that could lead to abnormal colonic motility and percep-
tion and to the development of bowel symptoms. In addition, changes in the enteric 
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muscular compartment, including altered expression of enteric neurotransmitter 
receptors, decrease in ICCs-IM density, and impaired gap junction pathways in 
SMCs further contribute to gut dysfunctions associated with CDD.
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5Changes in Colonic Structure 
and Mucosal Inflammation

Pellegrino Crafa and Salvador J. Diaz-Cano

5.1  Introduction

Diverticula are sac-like protrusions of the mucosal and submucosal layers through 
weak colonic wall areas (“locus minoris resistentiae”). These areas mainly include 
the points where intramural blood vessels, the perforating arteries (“vasa recta”), are 
brought into the mucosa to distribute blood by punching through the circular mus-
cular layer. So defined, the existence of diverticula is a congenital or an acquired 
anomaly whose etiology has just begun to be understood but, because of its multi-
factorial condition, still has some unclear points. The study of changes in the struc-
ture of the colon and inflammation of the mucosa is the starting point for 
understanding the sequence of events that leads to the formation of diverticula and, 
consequently, to the setting of proper treatment of the pathology. In Western indus-
trialized countries, the site most affected by diverticular disease is the left colon, 
but, in the Asian population, right-sided diverticulosis is more common. The inci-
dence reported is in 17.5% of the general population, and it represents up to 42% of 
all endoscopic diagnosis, increasing steadily with age, reaching around 30% at 
65 years, 50% in those over 75 years, and 71% in those aged ≥80 years [1]. No dif-
ference has been found in the sex distribution of diverticulosis [2]. Left-sided diver-
ticulosis almost invariably involves the sigmoid colon and may extend proximally, 
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but the involvement of the ascending colon and cecum occurs in fewer than 10% of 
cases. The extraperitoneal rectum is not affected [3]. Left-sided diverticulosis is also 
known as pulsion diverticulosis. The demographic profile of the typical patient with 
diverticulosis perfectly matches the natural history of diverticular disease. According 
to Laplace’s law in organs with a distensible wall, it is commonly believed that high 
colonic pressure will develop tension in response to the elongation, thus leading to 
the development of diverticula at the weakest point of the colonic tissue. However, 
there is no validated theory to support these claims; even severe mechanical stress 
is a significant factor driving tissue remodeling [4, 5]. Patel et  al. developed an 
experimental model on swine’s descending colon based on simultaneous inflation 
and extension tests evaluating the result obtained using the Finite Element (FE) 
software. This approach simulates a physical phenomenon occurring during diver-
ticula formations and reports the results with a computational model using a numer-
ical mathematical technique to prove that the mechanical stress could be critical in 
diverticulum genesis and in the increase of the diverticulum’s volume [6]. The 
model was designed keeping in mind the typical anisotropic nature of the colonic 
tissue, which in turn depends on its microscopic characteristics. Thus, the model has 
shown that the highest stress values are concentrated around the luminal side of the 
pouch’s neck. The increase in stress increases with increasing pressure until it 
reaches two to three times the maximum values observed in a normal colon. A sig-
nificant elevation of stress could occur in a colon with diverticulosis than in a nor-
mal colon, which implicates elevated stresses in this condition that are responsible 
for diverticular wall remodeling. In this manner, computational structural mechan-
ics can investigate potential changes in stress distribution that could be introduced 
in the colonic tissue due to the presence of a pouch-like structure. More interesting, 
the analysis shows a correlation between stress elevation and size of the pouch. It is 
known that pouch size increases over time in diverticulosis and that mechanical 
stress is a significant factor driving biological tissue remodeling. These two ele-
ments would explain the overall pouch size increase in response to elevated stress 
values around the pouch, leading to a vicious cycle where the pouch size is further 
increased. The distance from the center of the pouch (zone of influence) increases 
with pressure, reaching a plateau value after a specific pressure elevation that cor-
relates with the area of the pouch neck, suggesting that the size of the pouch neck is 
more important than the surface area of the pouch itself in pouches under high stress 
and with a greater zone of influence. Besides, a significant luminal pressure drop 
would be necessary to restore stress to an average level, explaining the low effec-
tiveness of a high-fiber diet as a stand-alone treatment solution once pouches are 
developed. A diverticulum is expected to be more compliant than a normal tissue 
constituted by only the mucosal and submucosal layers. The mucosa has been 
reported to be extremely expansible, and the submucosa could withstand deforma-
tions four to five times greater than the muscular layer [7]. Notably, even if the colon 
is a collapsible tube with curves, the stress values would undoubtedly change, but 
the high-stress value observed at the neck of the pouch with a relative increase in 
pressure and pouch size will not change. Luminal pressure (pressure on the inner 
wall of the tissue with an external force equal to zero) values above 1.5 kPa lead to 
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permanent tissue damage. The computational simulations pushing this value to 
visualize the evolution of stress values and luminal pressure might explain the varia-
tion in diverticular shape and volume. Moreover, it might also try to explain tissue 
remodeling until a complication appears.

5.2  Muscle Thickening and Mucosal Inflammation

Morson [8] demonstrated a marked abnormal muscle thickening in colonic diver-
ticulosis without inflammation, and Golder reported occasional neutrophils and 
plasma cells and a diffuse lymphocytic infiltrate mainly localized to the luminal side 
of the lamina propria, findings consistent with a chronic inactive inflammatory infil-
trate, a natural defense mechanism of a normal large bowel mucosa [9]. It was sug-
gested that thickening of the muscularis propria is caused by two factors: (1) aging 
or more extended periods of low dietary fiber intake and (2) high intraluminal pres-
sure. The muscle thickening might be associated with rigidity or decreased strength 
of the colonic wall in diverticulosis.

5.3  Mesenchymal Alteration

The etiology and pathogenesis of diverticular disease are multifactorial. Various 
aspects can also be understood at the time of macroscopic evaluation (Figs. 5.1 
and 5.2) of colectomy samples removed for diverticular disease: a considerable 
thickening of the muscular layer, peri-diverticular fibrosis, which means an 
increase in elastin content together with elastosis [10], and increased intraluminal 
pressure within the sigmoid colon of persons with diverticulosis during periods of 

Fig. 5.1 Cut section: thickening of the colonic wall near a diverticulum
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peak contraction, resulted in pressures of up to 90  mmHg, a value nine times 
higher than those in normal colons [11], demonstrated by the increase in thickness 
of the circular and longitudinal muscular layers together with a progressive 
increase in the thickness of collagen and elastin tissues of the colon wall [12]. The 
latter feature is related to the deficiency in dietary fiber consumption and genetic 
factors [13]. Collagen is the most abundant protein in mammals, and one of its 
primary functions is to maintain the structural integrity of connective tissues [14]. 
The mechanical properties of the colon wall depend not only on the individual 
components of its various layers but also on the relationships they contract with 
each other. Whiteway and Morson [10] observed that the elastin content of the 
taenia coli in patients with diverticular disease is twofold higher than that in con-
trols. The elastin was documentable between the muscle cells, warping the typical 
fascicular pattern of the taenia coli. This variation of the viscoelastic properties of 
the colon is related to the decrease in the integrity of the connective tissue, as 
reported by Watters et al., which is responsible for a reduction in tensile strength 
in the colonic wall with age, particularly in the distal colon. An extracellular 
matrix provides the maintenance of the integrity and flexibility of the colonic wall 
with its components such as collagen, elastin, and proteoglycans [15], which are, 
however, subject to rehash due to age. Thus, pathological aging changes in the 
colonic wall could be secondary to a decline in the structural and mechanical 
integrity of the various layers of the large bowel wall [15]. Given that the develop-
ment of colonic diverticulosis, as known, is a function of age and declining colonic 
wall mechanical strength, the latter should be addressed partly due to changes in 
the collagen structure [16].

Fig. 5.2 Diverticula (hematoxilin & eosin-stained section)
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5.3.1  Decrease of Collagen I and Increase of Collagen III

Notably, collagen is the most abundant extracellular matrix protein, which is implied 
in the mechanical stability of the connective tissue and is responsible for the tensile 
strength of tissues. Fibrillar collagens are synthesized as precursors (procollagens) 
containing different extra domains known as pro-peptides. After extracellular cleav-
age of both ends, collagen molecules are assembled into collagen fibers, where 
covalent cross-links form between the adjacent collagen molecules. The most 
important types are collagen I, found in mature tissues, and collagen III; collagen I 
is the critical structural component of several tissues. It is expressed in almost all 
connective tissues, and it is the predominant component of the interstitial mem-
brane. It is also responsible for forming mature tissues, whereas collagen III, a 
homotrimer consisting of only one collagen alpha chain, shows less mechanical 
strength [17]. Mature collagen type I was significantly lower in the diverticulitis 
group, whereas immature collagen type III was higher than in controls. Therefore, 
the collagen ratio (I/III) was significantly lower in the diverticulitis group. The 
amount of collagen and its structure is regulated mainly by matrix metalloprotein-
ases (MMPs). These are a family of enzymes, zinc-containing neural endopepti-
dases, which are structurally related neutral proteinases that use either disulfides or 
calcium ions to stabilize the enzyme’s structure. MMPs are secreted as inactive 
zymogens with structural pro-forms; the activation of these zymogens requires dou-
ble proteolytic cleavage of the pro-domain at the N-terminal of the MMP. They have 
crucial roles in many physiological situations [18]. MMP activity is regulated by 
interactions with members of the tissue inhibitor of matrix metalloproteinase 
(TIMP) family, generating an inactive MMP/TIMP complex. Remarkably, TIMPs 
may also play a role in the activation process of MMPs by binding to the hemopexin- 
like domains of adjacent MMPs, thus favoring a reciprocal activation. Moreover, 
TIMPs are secreted in proenzyme forms requiring extracellular activation from 
various cell types, including macrophages, T cells, and myofibroblasts, stimulated 
by cytokines and other factors [19]. MMPs can virtually degrade all extracellular 
matrix components. Thus, MMPs directly determine the synthesis, deposition, and 
remodeling of collagen types I and III in all tissues [20]. Among the MMPs, MMP-1 
and MMP-3 are the principal enzymes that can cleave fibrillar type I, II, and III col-
lagens. MMP-1 cleaves both ECM and non-ECM substrates such as collagen, gela-
tin, laminin, complement C1q, IL-1β, and TNF-α, suggesting a crucial role in 
inflammatory and fibrotic responses. The MMP-3 enzyme degrades collagen types 
II, III, IV, IX, and X, proteoglycans, fibronectin, laminin, and elastin. MMP-3 can 
also activate other MMPs such as MMP-1, MMP-7, and MMP-9, rendering MMP-3 
crucial to connective tissue remodeling [21]. Stumpf et al. found a statistically sig-
nificant reduction in the expression of MMP-1  in the diverticulitis group. 
Downregulation of MMP-1 may be necessary for the development of diverticulitis 
because proteases act not only in proteolysis, inflammation, and invasion but also in 
angiogenesis and even growth [22]. MMP-1 and MMP-3 are abundant in granula-
tion tissues of gastrointestinal ulcers [23]. A considerable number of polymorpho-
nuclear leukocytes, immune-positive for MMP-9, were observed throughout the 
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intestinal wall of Crohn’s disease, implying its role in connective tissue remodeling. 
MMP-3 is markedly overexpressed at inflamed sites in patients with ulcerative coli-
tis or Crohn’s disease, whereas TIMP-1 remains unaltered, suggesting that excess 
MMP-3 might be responsible for loss of mucosal integrity in these conditions [24]. 
Mimura et al. demonstrated an increasing trend in the amount of collagen in both 
uncomplicated and complicated diverticulosis than in controls. Both TIMP-1 and 
TIMP-2 were significantly higher in the muscular layer of complicated diverticulo-
sis than in controls [25]. The finding that the mRNA of TIMP-1 was higher, with a 
decreasing trend in such order, in complicated diverticulosis, uncomplicated diver-
ticulosis, and controls, might suggest that the expression of their mRNA is related 
to the clinical course of diverticula. Macrophage-like and fibroblast-like cells 
(TIMP-1- and TIMP-2-positive cells) were frequently encountered around the blood 
vessel areas in the muscular layer and serosa. This suggests that these cells could be 
sources of TIMPs in this disease. They could infiltrate the inflamed areas where 
extracellular matrix deposition was required for tissue remodeling, thus affecting 
the turnover of the extracellular matrix and creating a predisposition that has forma-
tion of colonic diverticula as an outcome. It is a prolonged process, usually taking 
40 years, undergoing periods of exacerbation and remission of inflammation. Thus, 
it could involve extensive MMP-driven remodeling of the connective tissue and pos-
sibly chronic inflammation, causing an increase in TIMPs and facilitating the excess 
deposit of the extracellular matrix in the pathogenesis of diverticular disease.

5.3.2  Cross-Linking Between Collagen Fibers

Collagen is known to have intermolecular and intramolecular cross-links, which 
stabilize and strengthen the tissue in which it is located. Two cross-linking pathways 
have been identified in collagen, one based on lysine aldehydes and the other on 
hydroxylysine aldehydes, producing allysine and hydroxylysine, respectively. The 
reaction of either type of aldehyde with the e-amino group of lysine or hydroxyly-
sine results in the production of reducible intermolecular cross-links. Initially, all 
reactions produce a Schiff base-type cross-link, also known as an aldimine-type 
linkage. These intermediate forms are susceptible to cleavage by diluting acid. 
Hydroxyallysine-derived intermediate cross-links can also undergo a further spon-
taneous reaction to form a ketamine-type structure in vivo (known as the Amadori 
rearrangement). The ability of the intermediate cross-link to create the acid-stable 
ketamine depends on whether it is derived from allysine and hydroxylysine or from 
hydroxylysine and lysine. The first of these is unable to form the ketamine, whereas 
the second can do this. The ketamine-type cross-link is stable for weak acids. The 
number of acid-labile cross-links decreases with maturation of the tissue [26]. A 
healthy colon has both propulsive and storage functions and needs to withstand the 
extremes of pressure in the large bowel – equivalent to 100–150 mmHg [27]. The 
intrinsic strength of the bowel wall is believed to be independent of the submucosal 
layer. Wess et al. [16] found significantly different levels of mature cross-linked col-
lagen in healthy colons from individuals over 60 years and in colons from subjects 
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of the same age showing diverticulosis. As the number of collagen cross-linkage 
increases, the corresponding tissue becomes stiffer [28]. These observations may 
explain the onset of high intraluminal pressures because of changes in the colonic 
wall in patients with diverticular disease. Early-onset diverticula have been reported 
in patients with connective tissue diseases such as Ehlers–Danlos syndrome and 
Marfan syndrome [29]. Despite this increased thickness of muscle coats, however, 
the colonic wall is reported to have a lowered resistance to distension in diverticu-
losis. Watters et al. [15] showed that both the tensile and the burst strength of the 
human colonic wall depend on the integrity of the submucosa. Thomson et al. [14, 
30] showed that colonic submucosal structures undergo aging changes in both stan-
dard and diverticular colons. These changes include differences between the right 
and left sides of the colon as an increase in the number of fibrils and a decrease in 
the fibril diameter in the left colon compared with those in the right colon. Acid 
insolubility increases after 40 years—an exciting finding as colonic diverticulosis is 
rare before that age. This relationship was more strongly significant in the sigmoid 
colon, which is the predominant location for the development of colonic diverticula. 
These results also indicate that colonic collagen from subjects affected by colonic 
diverticulosis is less acid-soluble than that from healthy colons of those over 
60 years (p < 0 05), suggesting that the collagen from colonic diverticulosis colons 
has a higher number of cross-links than that from the unaffected colonic tissue. The 
solubility of collagen in weak acids is known to decrease with advancing age in 
specific tissues, such as the skin, vascular adventitia, and chordae tendineae of the 
heart valves [28]. Thomson et al. have shown an increase in the collagen fibril num-
bers and decreased collagen fibril diameter in the left colon of patients with diver-
ticular disease [14]. Colonic collagen is in a dynamic state, given that it is 
continuously produced and degraded. Aging is associated with increased cross- 
linking between collagen molecules, which results in decreased solubility in weak 
acids, increasing stiffness and resistance to enzymic digestion in vitro [26].

5.4  Nervous Alteration

Since the gut is regarded as the second brain, the search for nervous alteration or 
running change has a logical background. Short-lived recurrent abdominal pain is a 
common and debilitating symptom reported by a third of patients with symptomatic 
diverticular disease, suggesting that visceral hypersensitivity might play a role [31]. 
Patients with symptomatic diverticular disease demonstrate visceral hypersensitiv-
ity to rectal balloon distension because of peripheral sensitization, with both inflam-
matory and neurochemical factors playing a role [31]. This finding is associated 
with an increase in the expression of the inflammatory cytokines IL-6 and TNF-α 
and an upregulation of the neuropeptide receptor NK1. Prior inflammation, in the 
form of episodes of acute diverticulitis, is associated with a fourfold increase in the 
risk of reporting recurrent abdominal pain in patients with diverticulosis, with such 
patients also having inflammatory changes present in resection specimens [32]. An 
increase in substance P and galanin-secreting neurons in mucosal biopsies of 
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patients with prior episodes of acute diverticulitis has also been demonstrated [33]. 
This finding suggests that both inflammation and variation in neuropeptide secre-
tions may be necessary for generating symptoms in patients with diverticulitis. Both 
these mechanisms may be responsible for peripheral sensitization leading to vis-
ceral hypersensitivity, as previous studies have separately demonstrated changes in 
inflammation, enteric nerves, and sensitization [31, 32], suggesting that patients 
with the symptomatic disease have distinct abnormalities in motor function and 
inflammatory and neural changes that differ from asymptomatic patients. Simpson 
et al. [33] focused on the structural and luminal changes in the condition, particu-
larly the role of high-pressure colonic contractions. Similar amplitude contractions 
are also present in healthy volunteers but are not reported to be painful [34], sug-
gesting that visceral hypersensitivity is an essential determinant of symptoms. 
Humes [35] demonstrated an increased expression of genes producing inflamma-
tory proteins such as IL-6 and TNF-α in symptomatic than in asymptomatic patients. 
The increase in inflammatory gene expression and cell-to-cell interaction suggests 
that these patients have a low-grade inflammation associated with visceral hyper-
sensitivity. In a normal gastrointestinal tract, vagal activity regulates exocrine func-
tion, promotes bowel motility, and initiates feedback signals to the central nervous 
system. The vagal signal is carried through the cholinergic and muscarinic path-
ways, whereas the sympathetic signal is carried through the adrenergic pathways 
[36]. The idea that chafing of vagal innervation leads to vagal hypersensitivity in the 
recipient organ may explain why baseline motility is normal in diverticular disease, 
but amplified colonic motility mimicking irritable bowel syndrome is seen post-
prandially. In this setting, dysfunctional bowel contractions are believed to contrib-
ute to gaps in tissue planes between muscle fibers, through which mucosal 
herniations are believed to occur. Notably, the heightened smooth muscle contrac-
tions in diverticular disease have been attributed to cholinergic receptor overexpres-
sion, and not excess vagal innervation [37]. Yun et al. [36] hypothesized that the 
vagal withdrawal of diverticulosis may represent a specific local manifestation of 
the aging-related global retreat of vagal innervation from recipient organs. This 
global phenomenon is likely to be an evolutionary maladaptation that has been 
unmasked by the rapid expansion of human lifespan during the last few centuries 
[38]. A loss of enteric neurons is a common histopathological feature within the 
spectrum of gastrointestinal neuromuscular pathology and diverticular disease (DD) 
[39]. In addition, Barrenschee et  al. [40] reported a significant reduction in the 
myenteric neuronal number per 100 mm intestinal length and an average in neuro-
nal number per ganglion in patients with DD. In contrast, Iwase et al. [41] observed 
a reduction in the number and size of myenteric ganglion cells per cm in both 
patients with asymptomatic diverticula and DD. In this case, the observed reduction 
might involve glial rather than neuronal cells. Immunohistochemistry shows a 
reduction in both the neuropil and the somata of myenteric neurons for GDNF fam-
ily receptor alpha 1 (GFRα1) and REarranged during Transfection (RET), which 
provide evidence for the involvement of glial cells and neurons in the case of 
GFRα1. For RET, immunohistochemistry indicates only a reduction in myenteric 
neurons with its processes, given that RET is not expressed in glial cells. However, 
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a quantitation analysis exhibited a similar reduction in receptor expression in both 
diverticulosis and DD.  This indicates that the reduced receptor expression is an 
early event within the pathogenic process, most likely provoked by an impaired glial 
cell line-derived neurotrophic factor (GDNF) system. GDNF is a potent neuro-
trophic factor for various neuronal cell populations in the central and peripheral 
nervous systems and in the enteric nervous system (ENS), which continues during 
the progression of the disease. Novel concepts consider that patients with DD 
exhibit disturbed intestinal motility patterns [34, 42], morphological alteration in 
the ENS (oligoneuronal hypoganglionosis) [41, 43], remodeling in the nerve tissue, 
and impaired neuromuscular communication and disturbed enteric neurotransmis-
sion [9, 44]. These alterations in patients with DD might lead to uncoordinated 
contractions and high pressure, thus producing and triggering the formation of 
diverticula. It is suggested that enteric neuromuscular changes may result from 
remodeling processes after acute inflammation since several neuropeptides, found 
to be increased after acute inflammation, were also increased in symptomatic but 
not in inflamed DD [33]. Thus, in the case of DD, a reduced GDNF expression 
could also be explained because of previous inflammation that damaged the ENS or 
the intestinal musculature. However, Barrenschee [40] demonstrated that downreg-
ulation of the components of the GDNF system already occurs in earlier stages of 
this illness, namely, in asymptomatic diverticulosis, where no inflammatory events 
could be observed before having strengthened the hypothesis that the disturbed 
GDNF system could be the primary trigger for the reduced neuronal number rather 
than for inflammatory processes.

5.5  Mucosal Alteration and Markers 
of Histological Inflammation

Diverticula comprise mucosa pouches, surrounded by loose fibro fatty tissues in the 
subserosal layer or the adventitia of the colon. There is a residual strand instead of 
a fully formed muscularis mucosae, usually accompanied by an increase in the 
number and size of lymphoid follicles within the mucous lining [45], as a local 
response to fecal stasis, like that seen in the vermiform appendix or diversion proc-
tocolitis [46]. The histology of diverticula is directly related to the degree of inflam-
mation and injury to the mucosa [47]. Commonly, it has the histological feature of 
a normal colonic mucosa. However, most times, there is an increase in the lympho-
plasmacytic mononuclear chronic cellular infiltrate in the lamina propria coupled 
with mucin depletion, cryptitis, architectural distortion, Paneth cell metaplasia, and 
formation of lymphoglandular complexes (Fig. 5.3). Erosions and ulcers (Fig. 5.4) 
can complete the histological picture, and fecal material escaping into the mucosa 
or subserosa may elicit a foreign body granuloma. The mucosal changes are usually 
confined to the diverticula but may extend to the ostia, whereas the surrounding 
mucosa, in most cases, is histologically normal. In severely shortened thick-walled 
segments of the bowel with diverticulosis, the redundant mucosa is bent into char-
acteristic polypoid folds (Fig.  5.5). Microscopically, the folds show vascular 
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Fig. 5.3 Progressive damage of the epithelial lining and inflammatory reaction extending to the 
adjacent soft tissues

Fig. 5.4 Abscess in diverticular disease
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congestion, mucosal edema, and hemosiderin deposition, which follows acute 
bleeding [47]. The characteristic features of mucosal prolapse, including crypt 
hyperplasia, muscularization of the lamina propria, and superficial erosions, are 
commonly present [48]. In a small proportion of patients with sigmoid diverticulo-
sis or diverticulitis (estimated to be from 0.3 to 1.3%), the mucosa between the 
diverticula of surgically removed diverticulitis specimens is grossly erythematous, 
granular, and friable. It thus resembles the colonic mucosa in a chronic inflamma-
tory bowel disease [49]. Most patients (75–80%) with diverticulosis will remain 
asymptomatic throughout their lifetime. Diverticulitis is the most common cause of 
symptoms, affecting 10–25% of patients with diverticulosis [50]. Obstruction of the 
neck of a diverticulum with fecal matter is believed to cause distension of the diver-
ticulum responsible for the compression of the vasa recta deployed on the convexity 
of the pouch, resulting in focal ischemia of the mucosa, thus leading to local inflam-
mation, mucus stack, and bacterial overgrowth. Hemorrhage is a common compli-
cation of diverticular disease accounting for more than 40% of lower gastrointestinal 
bleeding episodes in some series [51]. Mucosal ulceration could lead to gradual and 
mild bleeding, whereas erosion of the vasa recta, which traverses the circular mus-
cle, may cause a rapid hemorrhage. Inflammation of the diverticulum may lead to a 
peri-diverticular abscess within the colonic subserosa, and this can cause serositis, 
adhesions, and formation of an inflammatory mass that may ultimately heal by 
fibrosis, causing a stricture and an obstruction or adhesion to the nearby organ(s) 

Fig. 5.5 Chronic diverticulitis, fibrosis, and mucosal polypoid fold
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(Fig. 5.6) till fistula formation. Inflamed diverticula can perforate, causing purulent 
peritonitis (Figs. 5.7 and 5.8), or can undergo rupture in the free peritoneal cavity, 
causing fecal peritonitis. The infection can also spread systemically, causing bacte-
remia or sepsis. Chronic low-grade inflammation has also been reported within and 
around diverticula in participants who underwent sigmoid resection for symptom-
atic uncomplicated diverticular disease (SUDD) but not diverticulitis [52]. These 
findings correlate with the overexpression of TNF-α in participants with a history of 
diverticulitis and diverticular disease [53]. When diverticulosis becomes 

Fig. 5.6 Adhesion 
between the colon and 
uterus. Arrow: 
diverticulum; arrowhead: 
uterus with Naboth’s cysts

Fig. 5.7 Thinning of the 
diverticulum wall 
preceding perforation
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symptomatic, it is called DD. The most common conventional complication of DD 
is diverticulitis, which is essentially a pericolic inflammatory process that originates 
within the diverticula and extends into the surrounding tissues but spares the non- 
diverticular colonic mucosa. DD may show a low-grade microscopic inflammation 
related to the severity of the disease [54]. Tumor necrosis factor-alpha (TNF-α) is 
overexpressed concerning the severity of the histological inflammation [55]. It is 
also overexpressed in segmental colitis-associated diverticulosis (SCAD), which is 
considered a ‘bridge’ between a classical IBD and a complication of a long-lasting 
DD [56]. The presence of an inflammatory infiltrate was assessed by a semiquanti-
tative lymphocytic and neutrophil count on ten colonic fields with a high-power 
field (HPF) technique at 40× magnification, assessed at the bottom and on the whole 
crypts [57]. Hematoxylin–eosin staining was performed to assess the histology of 
the sigmoid tract. Count lymphocyte assay (CLA) for T cells was performed using 
anti-CD3 (pan-T) monoclonal antibodies. Lymphocyte infiltration was graded as: 
Score 0 (normal) = 3–5 cells; Score 1 (mild) = 6–8 cells; Score 2 (moderate) = 9–10 
cells; and Score 3 (severe) = >10 cells. The neutrophilic infiltrate was also evaluated 
to assess active or nonactive inflammation using a semiquantitative grading: Score 
0 (absence of neutrophilic infiltrate) = nonactive; Score 1 (focal presence of neutro-
phil) = mild; Score 2 (presence of neutrophil intermediate between 1 and 3) = mod-
erate; and Score 3 (diffuse neutrophilic infiltrate)  =  severe. Neutrophils were 
localized using anti-CD15 monoclonal antibodies. As the severity of histological 
inflammation is based on the severity of the neutrophil infiltrate, the choice to assess 

Fig. 5.8 Perforation of a 
diverticulum with an 
induced fibrin-purulent 
reaction covering the 
colonic serosa
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only the acute infiltrate may be considered adequate in such a context [55]. 
According to Pucilowska et  al. [58], acute injury on the colonic mucosa causes 
normal mesenchymal cells to be activated to a fibrogenic phenotype with conse-
quent normal healing of fibrosis. During normal healing, excess extracellular 
matrix deposition is prevented by post-transcriptional or post-translation regula-
tion of collagen, reversal of the fibrogenic phenotype, or selective death of fibro-
genic cells. If these events do not occur or are not sufficiently active or if the 
fibrogenic cell population expands, fibrosis may occur. However, in a recent study, 
Järbrink-Sehgal et al. [59] have assessed all colonic segment biopsies, from left to 
right, using standard endoscopic forceps. The corresponding hematoxylin and 
eosin-stained slides were investigated for either the presence or the absence of 
markers of histological inflammation, such as surface epithelium, mucin deple-
tion, Paneth cells, cryptitis or crypt abscesses, apoptosis of the epithelium, normal 
architecture/crypt branching, chronic inflammatory gradient from the base to the 
surface, basal plasmacytosis, and granulomas. The number of lymphoid aggre-
gates, follicles, and neutrophils was counted in the lamina propria, and intraepi-
thelial lymphocytes were counted/100 colonocytes [60]. The surface epithelium 
and chronic inflammatory gradient were intact in all participants, and basal plas-
macytosis and granulomas were absent in all samples. There was a trend of 
increased numbers of cecal lymphoid aggregates in cases vs. controls (P = 0.07), 
but no other associations between diverticulosis and inflammatory markers were 
found. Kealy et al. [61] reported that the density of microscopic lymph follicles 
and aggregates increased in the necropsied colons of patients with diverticular 
disease than in those without, suggesting that lymphoid follicles may be weak 
points in the mucosa and that diverticula could develop at these points. The 
Järbrink-Sehgal population-based study, assessing the whole colon for inflamma-
tion, regardless of diverticula localization, complements the findings by Peery 
et  al. [59, 62], demonstrating the absence of colonic mucosal inflammation in 
diverticulosis or symptomatic diverticulosis, therefore questioning the role of 
chronic low-grade inflammation in diverticula’s genesis. Similarly, in the symp-
tomatic diverticulosis subanalysis, Järbrink-Sehgal et al. [59] found no associa-
tion between symptomatic diverticulosis with abdominal pain or diarrhea and 
serological or mucosal inflammation throughout the colon. These findings uphold 
other findings of an absence of colonic mucosal inflammation in the sigmoid, 
using serological immune markers and histological cytokine levels in patients 
with symptomatic diverticulosis and SUDD compared with controls without 
diverticulosis [63]. The same conclusion was drawn by Peery et al. [62] in a large 
colonoscopy- based study of individuals without a history of diverticulitis or overt 
peri- diverticular inflammation. It was found that colonic diverticulosis was not 
associated with mucosal inflammation and no association was found between 
colonic diverticulosis and chronic gastrointestinal symptoms. There was no evi-
dence for mucosal inflammation in individuals with diverticulosis and chronic 
gastrointestinal symptoms, the so-called symptomatic uncomplicated diverticular 
disease.
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5.6  Segmental Colitis-Associated Diverticulosis (SCAD)

As the name suggests, SCAD is a colonic inflammatory disorder that occurs in 
patients with superimposable characteristics mimicking the clinical and endoscopic 
features of inflammatory bowel diseases, such as Crohn’s disease and ulcerative 
colitis. By definition, SCAD is a pathological entity characterized by a chronic 
inflammatory response involving the interdiverticular mucosa of the colonic seg-
ment involved. The rectum, by definition, is free of inflammation [64]. A nonspe-
cific, nongranulomatous, and localized inflammatory process involving the sigmoid 
colon (i.e., ‘sigmoiditis’) and sparing the rectum and a more proximal colon defines 
this pathology. The true prevalence of the disease is probably underestimated, with 
an incidence varying between 0.3 and 4% [61, 65, 66]; however, a Dutch retrospec-
tive study reported an incidence as high as 8% [67]. SCAD is now viewed as a 
specific inflammatory pathology paired with diverticulosis whose etiology is still 
not entirely known [66, 68]. Most cases occur in males, with rectal bleeding being 
the most frequent initial presentation (hematochezia: more than 70%). Usually, the 
entity is almost exclusively a disorder of the elderly, often after the age of 50 years 
[69]. SCAD represents a distinct clinical and pathological entity sharing some fea-
tures with other forms of inflammatory bowel diseases (IBDs). The pathogenesis of 
SCAD is multifactorial and includes genetic susceptibility, alteration in the colonic 
microbiome, local ischemia, and mucosal prolapse [61, 70, 71]. SCAD is pathologi-
cally defined by a nonspecific segmental or localized nongranulomatous inflamma-
tory process, usually confined to the sigmoid colon. The right colon and rectal 
inflammatory sparing are confirmed by histologically normal mucosa in the endo-
scopically documented left diverticular ostia. When it is present, the perianal dis-
ease, a marker more suggestive of Crohn’s disease, is also missing. In more than 
60% of patients with recurrent SCAD, the second episode of the disease had clinical 
evidence more than a decade after the initial clinical episode, indicating that the 
disease often seems to be a self-limited inflammatory process that resolves with no 
future disease episodes or requirement for ongoing treatment. Increased TNF-α 
concentrations have been reported in Crohn’s disease and ulcerative colitis, and 
SCAD [69]. The hematoxylin and eosin-stained specimens of the inflamed colonic 
tract were used to evaluate either the whole mucosal damage or the activity of the 
inflammation. Mucosal damage was reflected by a score representing the mean 
value of the single scores of the following histological characteristics: polymorpho-
nuclear infiltration of the epithelium and lamina propria, crypt abscesses, loss of 
glandular parallelism, crypt shortening and ramification, mucus epithelial deple-
tion, and involvement of the muscularis mucosae and submucosa. Each histology 
score ranged from 0 (normal) to 3 (severe). The inflammation activity was expressed 
by the total number of neutrophils in the lamina propria, counted with software in 
five high-power fields, selected based on high cellular density. The inflammation 
activity was considered mild (≥5 and <10 cells/mm2), moderate (≥10 and <15 cells/
mm2), or severe (≥15 cells/mm2) [69]. In SCAD, biopsies were collected from the 
interdiverticular mucosa, which, by definition, is affected by the disease [65, 70].
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The endoscopic classification of SCAD was based on a score formulated by 
Tursi et al. The disease was classified into four different endoscopic patterns (types 
A, B, C, and D), mirroring the symptoms reported by patients. Patients with milder 
lesions (types A and C) report mild abdominal pain or diarrhea. In contrast, more 
severe lesions (types B and D) are always accompanied by abdominal pain, rectal 
bleeding, or sometimes subocclusive attacks (type D) [70]. Moreover, Tursi et al. 
[72] showed a lower rate of recurrence in patients with mild endoscopic and clinical 
patterns (types A and C) compared with patients with severe endoscopic and clinical 
patterns at entry (types B and D). Four different endoscopic patterns (Table 5.1) are 
recognized, associated with peculiar histological characteristics [61, 70, 73–75]. 
Type A is characterized endoscopically by red patches involving colonic folds and 
diverticular sparing. Types B and D are characterized endoscopically by ulcerative 
colitis (UC)-like changes with erosions and hyperemic areas involving the colonic 
folds and severe inflammation involving the overall diverticula containing the 
mucosa, respectively. Type C is characterized by Crohn’s disease-like changes, with 
isolated aphthous ulcers and transmural inflammatory changes [74].

On light microscopy, histological features include cryptitis, crypt abscesses, and 
expansion of the lamina propria by mononuclear cells, sometimes arranged in 
prominent basal lymphoid aggregates. Features of chronicity, including basal lym-
phoplasmacytosis, crypt distortion, and Paneth cell metaplasia, are usually seen. A 
granulomatous cryptolytic reaction (Figs. 5.9 and 5.10) confined to the damaged 
crypts might also be seen. In general, the inflammatory infiltrate is limited to the 
mucosa. Histological features in SCAD appear in variable combinations [65]. A 
correlation with the clinical and endoscopic characteristics, not histology alone, is 
essential for establishing the correct diagnosis in cases of suspected SCAD [46, 72]. 
Occasionally, histological features of ischemic colitis could lead to the speculation 
that a small percentage of SCAD might represent a type of ischemic colitis because 
diverticula in such areas could favor, by compression of the vasa recta, ischemic 
lesions. Biopsies of the rectum should be histologically normal and, in this regard, 
are mandatory. In patients who must undergo segmental resection for control of 
symptoms, the resected sigmoid colons show the features described above, along 
with the bowel’s luminal surface and contiguous diverticular pouches. However, the 

Table 5.1 Relationship between macroscopic (endoscopic) and microscopic (histological) mor-
phological features

Endoscopic pattern 
(%) Pairing histological features

A Crescentic fold 
disease (52%)

Mild lymphoid and neutrophil infiltrate; sparing of the glandular 
structure

B Mild-to-moderate 
UC-like (30–40%)

Active inflammatory infiltrate, glandular distortion, reduction of 
goblet cells, intraepithelial abscesses, rectal sparing

C Crohn’s–colitis-like 
(11%)

Active and chronic inflammation with prominent lymphoid follicles, 
sometimes micro-fistulas in the mucosa and/or cryptolytic 
granulomas but no epithelioid granulomas.

D Severe ulcerative 
colitis-like (7%).

Heavy acute and chronic inflammatory infiltrate, glandular 
distortion with massive depletion of goblet cells, cryptitis with 
cryptic abscesses, rectal sparing
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extension of acute inflammation into the bowel wall near the diverticula, with 
abscess formation, fibrosis, and often perforation, is absent. Some patients with true 
diverticulitis develop an inflammatory reaction that mimics Crohn’s disease [49] in 
patients without previous or present evidence of Crohn’s disease elsewhere in the 
gastrointestinal tract. The resection specimens demonstrate a Crohn’s-like reaction 
to the inflamed diverticula. It can be challenging to differentiate diverticular disease- 
associated segmental colitis from ulcerative colitis or occasionally from Crohn’s 
colitis. Clinically, the rectum is infrequently spared in ulcerative colitis, and the 
inflammatory process extends beyond the segment of the bowel involved by the 

Fig. 5.9 Segmental 
colitis-associated 
diverticolosis type C: 
active and chronic 
inflammation with 
cryptolytic granulomas but 
no epithelioid granulomas

a b

Fig. 5.10 (a) Details of a cryptolitic granulomatous reaction. Foreign-body giant cells are scat-
tered around the colonic glands. (b) Cryptic abscess and erosion of the mucosal surface
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diverticula [64]. Even in ulcerative colitis cases with rectal sparing, the rectal 
mucosa shows some quiescent colitis features on biopsy with fibrosis of the lamina 
propria, basal plasmacytosis, and distortion of the glandular architecture. Crohn’s 
patients usually have involvement of different bowel segments as well. In addition, 
since cryptolytic granulomas represent sigmoid diverticulitis, caution should be 
exercised to avoid an inappropriate diagnosis of Crohn’s disease [49]. Histological 
observation of a significant increase in immunohistochemical TNF-α expression in 
patients with SCAD [72] allows for correct differential diagnosis of SCAD concern-
ing other forms of chronic colitis, particularly UC and CD. Other entities in the 
differential diagnosis, emphasizing segmental left-sided colitis that might mimic 
ulcerative colitis, include infectious entities such as Shigella and Salmonella spe-
cies, NSAID-associated colitis, and diversion colitis. Endoscopists must provide 
pathologists with the information that the patient has a diverticular disease, com-
municate sparing of the rectum and the remainder of the bowel, and obtain biopsies 
from both the involved segment of the bowel and the spared rectum so that the dis-
tribution of disease can be histologically documented [64].

References

 1. Walker MM, Harris AK.  Pathogenesis of diverticulosis and diverticular disease. Min 
Gastroenterol Dietol. 2017;63(2):99–109.

 2. Jun S, Stollman N. Epidemiology of diverticular disease. Best Pract Res Clin Gastroenterol. 
2002;16:529–42.

 3. West BA. The pathology of diverticulosis: classical concepts and mucosal changes in diver-
ticula. J Clin Gastroenterol. 2006;40:S126–31.

 4. Patel B, Guo X, Noblet J, Chambers S, Gregersen H, Kassab GS. Computational analysis of 
mechanical stress in colonic diverticulosis. Sci Rep. 2020;10:6014. https://doi.org/10.1038/
s41598- 020- 63049- w.

 5. Swartz MA, Tschumperlin DJ, Kamm RD, Drazen JM.  Mechanical stress is communi-
cated between different cell types to elicit matrix remodeling. Proc Natl Acad Sci U S 
A. 2001;98:6180–5.

 6. Patel B, et al. Constitutive modeling of the passive inflation-extension behavior of the swine 
colon. J Mech Behav Biomed Mater. 2018;77:176–86.

 7. Egorov V, Schastlivtsev I, Prut E, Baranov A. Mechanical properties of the human gastrointes-
tinal tract. J Biomech. 2002;35:1417–25.

 8. Morson BC. The muscle abnormality in diverticular disease of the colon. Proc R Soc Med. 
1963;56:798–803.

 9. Golder M, Burleigh DE, Belai A, Ghali L, Ashby D, Lunniss PJ, Navsaria HA, Williams 
NS. Smooth muscle cholinergic denervation hypersensitivity in diverticular disease. Lancet. 
2003;361:1945–51.

 10. Whiteway J, Morson BC.  Elastosis in diverticular disease of the sigmoid colon. Gut. 
1985;26:258–66.

 11. Painter NS, Truelove SC, Ardran GM, Tuckey M. Segmentation and the localization of intra-
luminal pressures in the human colon, with special reference to the pathogenesis of colonic 
diverticula. Gastroenterology. 1965;49:169–77.

 12. Wess L, Eastwood MA, Edwards CA, Busuttil A, Miller A. Collagen alteration in an animal 
model of colonic diverticulosis. Gut. 1996;38(5):701–6.

 13. Frieden JH, Morgenstern L.  Sigmoid diverticulitis in identical twins. Dig Dis Sci. 
1985;30:182–3.

P. Crafa and S. J. Diaz-Cano

https://doi.org/10.1038/s41598-020-63049-w
https://doi.org/10.1038/s41598-020-63049-w


59

 14. Thomson HJ, Busuttil A, Eastwood MA, Smith AN, Elton RA. Submucosal collagen changes 
in the normal colon and in diverticular disease. Int J Colorect Dis. 1987;2:208–13.

 15. Watters DA, Smith AN, Eastwood MA, Anderson KC, Elton RA, Mugerwa JW. Mechanical 
properties of the colon: comparison of the features of the African and European colon in vitro. 
Gut. 1985;26:384–92.

 16. Wess L, Eastwood MA, Wess TJ, Busuttil A, Miller A. Cross linking of collagen is increased 
in colonic diverticulosis. Gut. 1995;37(1):91–4.

 17. Fleischmajer R, Perlish JS, Burgeson RE, Shaikh-Bahai F, Timpl R. Type I and type III interac-
tions during fibrillogenesis. Ann N Y Acad Sci. 1990;580:161.

 18. Birkedal-Hansen H, Moore WG, Bodden MK, et al. Matrix metalloproteinases: a review. Crit 
Rev Oral Biol Med. 1993;4:197–250.

 19. MacDonald TT, Pender SL.  Proteolytic enzymes in inflammatory bowel disease. Inflamm 
Bowel Dis. 1998;4:157–64.

 20. Saarialho-Kere UK, Kovacs SO, Pentland AP, Olerud JE, Welgus HG, Parks WC. Cell-matrix 
interactions modulate interstitial collagenase expressions by human keratinocytes actively 
involved in wounding healing. J Clin Invest. 1993;902:2858.

 21. Docherty AJ, Murphy G. The tissue metalloproteinase family and the inhibitor TIMP: a study 
using cDNAs and recombinant proteins. Ann Rheum Dis. 1990;49(Suppl 1):469–79.

 22. Stumpf M, Cao W, Klinge U, Klosterhalfen B, Kasperk R, Schumpelick V. Increased distribu-
tion of collagen type III and reduced expression of matrix metalloproteinase 1 in patients with 
diverticular disease. Int J Color Dis. 2001;16(5):271–5.

 23. Saarialho-Kere UK, Vaalamo M, Puolakkainen P, Airola K, Parks WC, Karjalainen-Lindsberg 
ML.  Enhanced expression of matrilysin, collagenase, and stromelysin-1  in gastrointestinal 
ulcers. Am J Pathol. 1996;148:519–26.

 24. Heuschkel RB, MacDonald TT, Monteleone G, Bajaj-Elliott M, Smith JA, Pender 
SL. Imbalance of stromelysin-1 and TIMP-1 in the mucosal lesions of children with inflam-
matory bowel disease. Gut. 2000;47:57–62.

 25. Mimura T, Bateman AC, Lee RL, Johnson PA, McDonald PJ, Talbot IC, et al. Up-regulation of 
collagen and tissue inhibitors of matrix metalloproteinase in colonic diverticular disease. Dis 
Colon Rectum. 2004;47(3):371–9.

 26. Robins SP, Shimokomaki M, Bailey AJ.  The chemistry of the collagen cross-links. Age 
related changes in the reducible components of intact bovine collagen fibres. Biochem 
J. 1973;131:771–80.

 27. Fry RD, Shemesh EL.  Perforation of the rectum and sigmoid colon during barium-enema 
examination. Management and prevention. Dis Colon Rectum. 1989;32:759–64.

 28. Schnider SL, Kohn RR. Effects of age and diabetes mellitus on the solubility of collagen from 
human skin, tracheal cartilage and dura mater. Exp Gerontol. 1982;17:185–94.

 29. Beighton PH, Murdoch JL, Votteler T. Gastrointestinal complications of the Ehlers-Danlos 
syndrome. Gut. 1969;10:1004.

 30. Thomson JH, Busuttil A, Eastwood MA, Smith AN, Elton RA. The submucosa of the human 
colon. J Ultrastr Res. 1987;96:22–30.

 31. Clemens CHM, Samsom M, Roelofs J, van Berge Henegouwen GP, Smout AJPM. Colorectal 
visceral perception in diverticular disease. Gut. 2004;53:717–22.

 32. Horgan AF, McConnell EJ, Wolff BG, The S, Paterson C. Atypical diverticular disease: surgi-
cal results. Dis Colon Rectum. 2001;44:1315–8.

 33. Simpson J, Sundler F, Humes DJ, Jenkins D, Scholefield JH, Spiller RC. Post inflammatory 
damage to the enteric nervous system in diverticular disease and its relationship to symptoms. 
Neurogastroenterol Motil. 2009;21:847–58.

 34. Bassotti G, Battaglia E, De Roberto G, Morelli A, Tonini M, Villanacci V.  Alterations in 
colonic motility and relationship to pain in colonic diverticulosis. Clin Gastroenterol Hepatol. 
2005;3:248–53.

 35. Humes DJ, Simpson J, Smith J, Sutton P, Zaitoun A, Bush D, et al. Visceral hypersensitivity in 
symptomatic diverticular disease and the role of neuropeptides and low grade inflammation: 
symptomatic diverticular disease. Neurogastroenterol Motil. 2012;24(4):318–e163.

5 Changes in Colonic Structure and Mucosal Inflammation



60

 36. Yun AJ, Bazar KA, Lee PY. A new mechanism for diverticular diseases: aging-related vagal 
withdrawal. Med Hypotheses. 2005;64(2):252–5.

 37. Tomita R, Tanjoh K, Fujisaki S, Fukuzawa M. Physiological studies on nitric oxide in the 
right side of the colon of patients with diverticular disease. Hepato-Gastroenterology. 
1999;46:2839–44.

 38. Lee PY, Yun AJ, Bazar KA.  Conditions of aging as manifestations of sympathetic bias 
unmasked by loss of parasympathetic function. Med Hypotheses. 2004;62(6):868–70.

 39. Knowles CH, De Giorgio R, Kapur RP, Bruder E, Farrugia G, Geboes K, et al. The London 
classification of gastrointestinal neuromuscular pathology: report on behalf of the Gastro 2009 
International Working Group. Gut. 2010;59(7):882–7.

 40. Barrenschee M, Wedel T, Lange C, Hohmeier I, Cossais F, Ebsen M, Vogel I, Bottner M. No 
neuronal loss, but alterations of the GDNF system in asymptomatic diverticulosis. PLoS One. 
2017;12(2):e0171416. https://doi.org/10.1371/journal.pone.0171416.

 41. Iwase H, Sadahiro S, Mukoyama S, Makuuchi H, Yasuda M. Morphology of myenteric plex-
uses in the human large intestine: comparison between large intestines with and without 
colonic diverticula. J Clin Gastroenterol. 2005;39(8):674–8.

 42. Gallego D, Espin F, Mikulka J, Smirg O, Gil V, Faundez-Zanuy M, et al. In vitro motor patterns 
and electrophysiological changes in patients with colonic diverticular disease. Int J Color Dis. 
2013;28(10):1413–22.

 43. Deduchovas O, Saladzinskas Z, Tamelis A, Pavalkis D, Pauziene N, Pauza DH. Morphologic 
pattern of myenteric neural plexus in colonic diverticular disease. A whole-mount study 
employing histochemical staining for acetylcholinesterase. Ann Anat. 2008;190(6):525–30.

 44. Barrenschee M, Bottner M, Harde J, Lange C, Cossais F, Ebsen M, et al. SNAP-25 is abun-
dantly expressed in enteric neuronal networks and upregulated by the neurotrophic factor 
GDNF. Histochem Cell Biol. 2015;143(6):611–23.

 45. Sadiq M, Mahmood S. Sadiq morphological study of reactive follicular hyperplasia lymph 
node. PJMHS. 2014;8(2):398–402.

 46. Haque S, Eisen RN, West AB.  The morphologic features of diversion colitis: studies 
of a pediatric population with no other disease of the intestinal mucosa. Hum Pathol. 
1993;24:211–9.

 47. Ludeman L, Warren BF, Shepherd NA. The pathology of diverticular disease. Best Pract Res 
Clin Gastroenterol. 2002;16:543–62.

 48. Kelly JK.  Polypoid prolapsing mucosal folds in diverticular disease. Am J Surg Pathol. 
1991;15:871–8.

 49. Goldstein NS, Leon-Armin C, Mani A. Crohn’s colitis-like changes in sigmoid diverticulitis 
specimens is usually an idiosyncratic inflammatory response to the diverticulosis rather than 
Crohn’s colitis. Am J Surg Pathol. 2000;24:668–75.

 50. Fearnhead NS, Mortensen NJ. Clinical features and differential diagnosis of diverticular dis-
ease. Best Pract Res Clin Gastroenterol. 2002;16:577–93.

 51. Longstreth GF. Epidemiology and outcome of patients hospitalized with acute lower gastroin-
testinal hemorrhage: a population-based study. Am J Gastroenterol. 1997;92:419–24.

 52. Goldstein NS, Ahmad E. Histology of the mucosa in sigmoid colon specimens with diverticu-
lar disease: observations for the interpretation of sigmoid colonoscopic biopsy specimens. Am 
J Clin Pathol. 1997;107:438–44.

 53. Tursi A, Elisei W, Brandimarte G, et al. Musosal tumour necrosis factor A in diverticular dis-
ease of the colon is overexpressed with disease severity. Color Dis. 2012;14:e258–63.

 54. Tursi A, Brandimarte G, Elisei W, et al. Assessment and grading of mucosal inflammation in 
colonic diverticular disease. J Clin Gastroenterol. 2008;42:699–703.

 55. Strober W, Fuss IJ.  Proinflammatory cytokines in the pathogenesis of inflammatory bowel 
diseases. Gastroenterology. 2011;140:1756–67.

 56. Tursi A. Segmental colitis associated with diverticulosis: complication of diverticular disease 
or autonomous entity? Dig Dis Sci. 2011;56:27–34.

 57. Tursi A, Brandimarte G, Elisei W, Giorgetti GM, Inchingolo CD, Aiello F. Faecal calprotectin 
in colonic diverticular disease: a case–control study. Int J Color Dis. 2009;24:49–55.

P. Crafa and S. J. Diaz-Cano

https://doi.org/10.1371/journal.pone.0171416


61

 58. Pucilowska JB, Williams KL, Lund PK. Fibrogenesis. IV. Fibrosis and inflammatory bowel 
disease: cellular mediators and animal models. Am J Physiol Gastrointest Liver Physiol. 
2000;279:G653–9.

 59. Järbrink-Sehgal ME, Rassam L, Jasim A, Walker MM, Talley NJ, Agréus L, et  al. 
Diverticulosis, symptoms and colonic inflammation: a population-based colonoscopy study. 
Am J Gastroenterol. 2019;114(3):500–10.

 60. Feakins RM, British Society of Gastroenterology. Inflammatory bowel disease biopsies: updated 
British Society of Gastroenterology reporting guidelines. J Clin Pathol. 2013;66:1005–26.

 61. Kealy WF. Lymphoid tissue and lymphoid-glandular complexes of the colon: relation to diver-
ticulosis. J Clin Pathol. 1976;29:245–9.

 62. Peery AF, Keku TO, Addamo C, et  al. Colonic diverticula are not associated with muco-
sal inflammation or chronic gastrointestinal symptoms. Clin Gastroenterol Hepatol. 
2018;16:884–91.e1.

 63. Elli L, Roncoroni L, Bardella MT, et al. Absence of mucosal inflammation in uncomplicated 
diverticular disease. Dig Dis Sci. 2011;56:2098–103.

 64. Villanacci V, Regiani-Bonetti L, Leoncini G, Parente P, Cadei M, Albarello L, Mandelli G, 
Caputo A. Histopathology of Non-IBD colitis. A practical approach from the Italian Group for 
the study of the gastrointestinal tract (GIPAD). Pathologica. 2021;113(1):54–65.

 65. Freeman HJ. Natural history and long-term clinical behavior of segmental colitis associated 
with diverticulosis (Scad Syndrome). Dig Dis Sci. 2008;53:2452–7.

 66. Koutroubakis IE, Antoniou P, Tzardi M, Kouroumalis EA. The spectrum of segmental colitis 
associated with diverticulosis. Int J Color Dis. 2005;20:28–32.

 67. Hadithi M, Cazemier M, Meijer GA, Bloemena E, Felt-Bersma RJ, Mulder CJ, Meuwissen 
SG, Pena AS, van Bodegraven AA.  Retrospective analysis of old-age colitis in the Dutch 
inflammatory bowel disease population. World J Gastroenterol. 2008;14:3183–7.

 68. Freeman HJ.  Segmental colitis associated diverticulosis syndrome. World J Gastroenterol. 
2016;22(36):8067–9.

 69. Hassan C, Zullo A, Ierardi E, Burattini O, De Francesco V, Morini S. Tumour necrosis factor a 
downregulation and therapeutic response to infliximab in a case of segmental colitis associated 
with diverticula. Gut. 2006;55(4):589–90.

 70. Tursi A, Elisei W, Brandimarte G, Giorgetti GM, Lecca PG, Di Cesare L, Inchingolo CD, 
Aiello F. The endoscopic spectrum of segmental colitis associated with diverticulosis. Color 
Dis. 2010;12:464–70.

 71. Stollman N, Picchio M, Biondo S, Lahat A, Dumitrascu DL, Regula J, Walker M. Critical 
issues on diverticular disease. J Gastrointestin Liver Dis. 2019;28(Suppl 4):35–7.

 72. Tursi A, Elisei W, Giorgetti GM, Inchingolo C, Nenna R, Picchio M, Brandimarte G. Segmental 
colitis associated with diverticulosis: a 5-year follow-up. Int J Color Dis. 2012;27:179–85.

 73. Tursi A, Elisei W, Brandimarte G, Giorgetti GM, Inchingolo CD, Nenna R, Ieraldi E. Tumour 
necrosis factor-alpha expression in segmental colitis associated with diverticulosis is related to 
the severity of the endoscopic damage. Dig Liver Dis. 2011;43:374–9.

 74. Schembri J, Bonello J, Christodoulou DK, Katsanos KH, Ellul P. Segmental colitis associated 
with diverticulosis: is it the coexistence of colonic diverticulosis and inflammatory bowel dis-
ease? Ann Gastroenterol. 2017;30:257–61.

 75. Tursi A, Inchingolo CD, Picchio M, et  al. Histopathology of segmental colitis associ-
ated with diverticulosis resembles inflammatory bowel diseases. J Clin Gastroenterol. 
2015;49:350–1.

5 Changes in Colonic Structure and Mucosal Inflammation



63© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
A. Tursi et al. (eds.), Colonic Diverticular Disease, 
https://doi.org/10.1007/978-3-030-93761-4_6

L. R. Lopetuso (*)
CEMAD Digestive Disease Center, Dipartimento di Scienze Mediche e Chirurgiche, 
Fondazione Policlinico Universitario “A. Gemelli” IRCCS, Università Cattolica del Sacro 
Cuore, Rome, Italy 

Department of Medicine and Ageing Sciences, “G. d’Annunzio” University of Chieti- 
Pescara, Chieti, Italy 

Center for Advanced Studies and Technology (CAST), “G. d’Annunzio” University of 
Chieti-Pescara, Chieti, Italy
e-mail: lorislopetuso@libero.it

P. Mastromarino
Department of Public Health and Infectious Diseases, “Sapienza” University, Rome, Italy
e-mail: paola.mastromarino@uniroma1.it

6Microbiota Changes
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6.1  Introduction

The gastrointestinal (GI) tract represents a dynamic network where several players 
form a cross-talking functional unit [1–4]. In this scenario, GI functions are carried 
out in an active environment inhabited by 1 kg of commensal microbes that include 
more than three million genes [2, 3]. They belong to the three domains of life, 
Bacteria, Archaea, and Eukarya [4–6], as well as to viral particles [7, 8]. Culture- 
independent molecular techniques, by analysis using phylogenetic arrays, next- 
generation 16S rRNA sequencing, and metagenomic sequencing derived from 
human mucosal biopsies, luminal contents, and feces, have shown that four major 
microbial phyla (Firmicutes, Bacteroides, Proteobacteria, and Actinobacteria) rep-
resent 98% of the intestinal microbiota and fall into three main groups of strict 
extremophile anaerobes: Bacteroides, Clostridium cluster XIVa (also known as the 
Clostridium coccoides group), and Clostridium cluster IV (also known as the 
Clostridium leptum group) [5, 6, 9–16].
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An intricate and mutualistic symbiosis modulates the relationship between the 
host and the gut microbiota [10, 17, 18]. This relationship is constantly challenged 
by several factors such as rapid turnover of the intestinal epithelium and the overlay-
ing mucus, exposure to peristaltic activity, food molecules, gastric, pancreatic, and 
biliary secretions, defense molecules, drugs, pH and redox potential variations, and 
exposure to transient bacteria from the oral cavity and esophagus, and can lead to 
the collapse of the microbial community structure [16]. On the other hand, resident 
microbes perform several useful functions, including maintaining barrier function, 
synthesis and metabolism of nutrients, drug and toxin metabolism, and behavioral 
conditioning [1]. The gut microbiota are also involved in the digestion of energy 
substrates, production of vitamins and hormones [19], protection from pathogenic 
bacteria by consuming nutrients and producing molecules that inhibit their growth 
[20–22], production of nutrients for mucosal cells [23–25], augmenting total and 
pathogen-specific mucosal IgA levels upon infection [26, 27], and modulating 
immune system development and immunological tolerance [28].

Unfavorable alterations in microbiota composition, known as dysbiosis, have 
been implicated in the chronic gut and also in systemic immune disorders [29, 30] 
and even in cancers [13, 31–33].

Despite these findings, the current literature regarding the exact impact of a gut 
microbiota dysbiosis in GI and extraintestinal diseases is at present ambiguous. 
Thus, translational microbiota applications in terms of diagnosis and treatment are 
still limited. This may be not only due to the use of different analysis techniques and 
sample collection but also due to the study design that usually focuses only on a 
specific disease, without considering other pathological conditions that often affect 
the same part of the GI tract.

In this scenario, diverticular disease (DD) may also be a condition in which lumi-
nal microbial factors could play a role in the development of symptoms and compli-
cations. Here, we critically explore the association between the gut microbiota and 
diverticular diseases, touching upon the potential areas of future development for 
research and clinical practice in this field.

6.2  Gut Barrier and the Gut Microbiota

The intestinal barrier is a functional unit, organized as a multilayer system, in which 
it is possible to recognize two main parts: a superficial physical barrier, which pre-
vents bacterial adhesion and regulates paracellular diffusion to the underlying host 
tissues, and a deeper functional barrier, which is able to discriminate commensal 
bacteria from pathogens and is responsible for immunological tolerance to com-
mensal and immune response to pathogen microorganisms [1]. Every day, thou-
sands of compounds derived from food and microorganisms come in contact with 
the intestinal mucosa. This interaction requires a complex defense system that sepa-
rates intestinal contents from the host tissues, regulates nutrient absorption, and 
allows tolerance between the resident bacterial flora and the mucosal immune sys-
tem, while inhibiting translocation of infectious agents to the inner tissues. The 
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commensal gut microbiota constitute the anatomical barrier, along with the mucosal 
layer and the intestinal epithelial monolayer. The deeper, inner layer is represented 
by GALT. GALT represents both isolated and aggregated lymphoid follicles and is 
one of the largest lymphoid organs, containing up to 70% of the body’s total number 
of immunocytes, and is involved in responding to pathogenic microorganisms and 
in providing immune tolerance to commensal bacteria. The ability of GALT to 
interact with luminal antigens rests on specific mucosal immune cells (i.e., dendritic 
cells and M cells), primarily localized to Peyer’s patches within the ileum, which 
are intimately positioned at the mucosal–environmental interface and internalize 
both microorganisms and macromolecules. These specialized immune cells have 
the ability to present antigens to naïve T lymphocytes, which subsequently produce 
cytokines and activate mucosal immune responses, when needed. Thus, the mucosal 
immune system participates in the maintenance of gut microbial communities by 
directly monitoring the luminal environment by constant sampling through M cells 
that overlie lymphoid follicles and through dendritic cells that reside within the 
lamina propria. The interaction of these cellular components sustains the delicate 
equilibrium needed to maintain intestinal homeostasis, thus establishing a state of 
immunological tolerance toward antigens from food and commensal bacteria. Many 
factors can alter this balance, including alterations in the gut microflora, modifica-
tions of the mucosal layer, and epithelial damage, leading to increased intestinal 
permeability and translocation of luminal contents to the underlying mucosa.

6.3  Role of the Gut Microbiota in Diverticular Disease

It has been proposed that stagnation of microbe-rich content in diverticular pockets 
could promote dysbiosis. This can happen together with a mucosal barrier leakage 
and microbial translocation through the thin mucosal diverticular layer, which can 
lead to a frank perforation, local or systemic flogosis, and septic complications. The 
observations that small bowel diverticula are connected to bacterial overgrowth and 
that the majority of colonic diverticular complications are due to bacteria, benefiting 
from antibiotic therapy or fecal stream diversion, broadly sustain the importance of 
gut microbiota involvement in DD pathogenesis [34, 35]. Despite this rationale, 
there are no solid available data. Indeed, studies are importantly flawed by a reduced 
sample size, different methodological techniques and enrolment plans, and insuffi-
cient clinical definitions. Future research should focus on the crosstalk between the 
gut microbiota and local tissue disease, with/without the inclusion of symptoms 
evaluation. This could help in extrapolating disease-related biomarkers and specific 
medical therapy. Undoubtedly, an integrated approach including sequencing and 
metabolomic analysis would definitely open new horizons in this field.

Taking into account these points and the conflicting nature of the studies, the few 
available findings indicate some interesting concepts. Asymptomatic diverticulosis, 
and thus the early phase of the pathogenesis, does not seem to be linked to a consis-
tent microbial impairment. Conversely, important variations that evolve into SCAD 
or acute diverticulitis can occur in the disease spectrum. In these situations, a 
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depletion of anti-inflammatory taxa has been underlined, such as Clostridium clus-
ter IV, Lactobacilli, and Bacteroides. Vice versa, an increased abundance of 
Bifidobacteria, Enterobacteriaceae, and Akkermansia seems to occur in DD, with no 
clear clinical significance. These taxa could directly exert both anti-inflammatory 
(Bifidobacteria, Akkermansia) and proinflammatory (Enterobacteriaceae) actions or 
may play a role in homeostatic activity in response to variations of the mucosal 
habitat. These evidences suggest the notion that the gut microbiota could be impli-
cated in the progression of diverticulosis to DD and diverticulitis but not in the 
pathogenesis of diverticula. Following this assumption, the gut microbiota can pos-
sess a particular pathophysiological weight in SUDD and diverticulitis, thus repre-
senting a potential therapeutic target in these phases [36, 37]. In fact, SUDD has 
been linked to a different fecal [36] and urinary [38] metabolomics asset compared 
with DD [37]. Moreover, acute alterations in the gut microbiota can exert a role in 
the complications of DD [39]. Notably, fecal microbiota transplantation for the 
Clostridium difficile infection has been associated with the induction of diverticuli-
tis, thus proposing a crucial role of intestinal microbes in the pathogenesis of this 
acute disease [40].

Overall, few evidences sustain a potential role of the gut microbiota in the patho-
physiology of DD, with a structured network between the intestinal barrier and the 
entire organism.

6.4  Gut Microbiota Profile in Diverticular Disease: Studies 
on the Fecal Microbiota

So far, few studies have evaluated the fecal microbiota in patients with diverticulo-
sis or DD. A study cohort of 28 patients with SUDD evidenced that the relative 
abundance of Ruminococcus and Roseburia was positively and negatively associ-
ated, respectively, with an increased bloating severity score, whereas that of 
Cyanobacterium was consistently correlated with pain intensity [41]. At the same 
time, a higher abundance of Pseudobutyrivibrio, Bifidobacterium, and 
Christensenellaceae families together with gut microbiota biodiversity was posi-
tively correlated with fecal calprotectin. Another small case series of patients with 
DD showed a higher presence of Roseburia, Veillonella, Haemophilus, and 
Streptococcus [42], whereas a study cohort including patients with asymptomatic 
diverticulosis, SUDD, and healthy controls found a substantial similarity among 
groups of the overall fecal gut microbiota community. However, asymptomatic 
diverticulosis was mainly associated with a lower presence of Clostridium cluster 
IV, whereas SUDD showed a decreased abundance of Fusobacterium and 
Lactobacillaceae [35]. Controversial and conflicting results were constantly evi-
denced by further studies in this field. Indeed, Tursi et al. showed no differences in 
gut microbiota composition among SUDD, asymptomatic diverticulosis, and con-
trols. Only Akkermansia muciniphila evidenced a higher, but not significant, abun-
dance trend in SUDD. This was linked to a different metabolic asset, such as a lower 
N-acetyl compound and isovalerate levels in SUDD [43]. Notably, this setting 
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differs from that detected in IBDs, where Akkermansia is generally reduced and not 
increased [44]. A. muciniphila is a symbiotic member of the gut microbiota, belong-
ing to the Verrucomicrobia phylum, and has been correlated with several pathologi-
cal conditions [45]. This bacterium has an essential role in maintaining intestinal 
homeostasis, owing to a strong interplay between both the host cells and the gut 
microbial community. It is crucial for guaranteeing proper mucus production and 
thickness [46, 47]. This property to degrade the mucus also has other beneficial 
effects, since it leads to the production of oligosaccharides, amino acids, propio-
nate, acetate, and important vitamins and cofactors, which become useful for other 
microbial commensals [48, 49]. Emerging studies on animal models have indicated 
its ability to modulate genes implicated in immune response regulatory processes 
[50]. A. muciniphila can also release vesicles with an anti-inflammatory activity on 
intestinal cells and dampen the severity of colitis in mice [51]. A variation in the 
abundance of this bacterium has been shown in fecal and intestinal samples of 
patients affected by various pathologies [46, 52]. The alteration of the A. muciniph-
ila level has been proposed as a crucial common microbial dysbiotic marker of the 
disease [44]. In this field, in a pilot study, A. muciniphila levels correlated with the 
presence and severity of symptoms in patients with SUDD, which were linked also 
to the levels of specific microbial metabolites [53].

Finally, a small study cohort suggested that the reduction of Collinsella aerofa-
ciens, Collinsella stercoris, and Bacteroides fragilis was associated with DD, even 
if without statistical significance [54]. Interestingly, Bacteroides fragilis has been 
consistently included in the pathophysiological mechanisms of gut inflamma-
tion [55].

Overall, these data suggest a potential correlation between gut microbiota fea-
tures (i.e., A. muciniphila and Bacteroides fragilis imbalance) and a potential role in 
modulating mucosal inflammation in DD. However, the reduced sample size and the 
highly heterogeneous study design do not allow to draw definitive and clear conclu-
sions on the active involvement of the gut microbiota in the pathophysiological 
process.

6.5  Gut Microbiota Profile in Diverticular Disease: Studies 
on the Intestinal Mucosal Microbiota

On the basis of these assumptions, the evaluation of the mucosa-associated micro-
biota may represent a more reliable representation of the microbial community in 
DD. Indeed, fecal microbiota composition can have a high variability linked to stool 
consistency and number of bowel movements, as well as to stool moisture. Moreover, 
DD is generally localized to limited segments of the colon, which can harbor spe-
cific microbial communities, different from the adjacent normal areas. Finally, the 
diverticular pockets may be characterized by unique habitats that can represent a 
crucial player in the progression of diverticulosis toward a symptomatic disease [37].

In this scenario, Enterobacteriaceae is highly represented in colonic mucosal 
biopsies obtained from DD patients [56]. These findings were confirmed in a cohort 
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of nine patients with SCAD, confirming the notion that indicates the overgrowth of 
Enterobacteriaceae as one of the most important characteristics of severe dysbiosis 
consequent to mucosal flogosis [57, 58]. A further evaluation on few patients evi-
denced an association between acute diverticulitis and a higher abundance of 
Bifidobacterium longum [59], which has been associated with a potential anti- 
inflammatory activity in experimental models and thus with a possible homeostatic 
mechanism [37]. Another study did not find significant differences between controls 
and asymptomatic diverticulosis. Interestingly, SUDD had a significantly lower 
proportion of Akkermansia [35]. Finally, a larger cohort evidenced no differences 
between healthy controls and diverticulosis with a substantial overlap, except for a 
mild higher biodiversity and an increase of Proteobacteria and Comamonadaceae [60].

Again, as mentioned above, the results are highly conflicting, but they suggest a 
potential role of the gut microbiota in the disease spectrum that goes from asymp-
tomatic diverticulosis to DD, with a fascinating interplay between mucosa- 
associated commensals and the mucosal immune system (Table 6.1).

6.6  Gut Microbiota Profile in Diverticular Disease: 
Mycobiome and Virome

While on one side studies on bacterial communities are fragmented, on the other 
side, the involvement of human fungal communities in DD is completely understud-
ied. However, even in this field, the regional colonization of microbial communities 

Table 6.1 Main gut microbiota changes involved in diverticular disease

Gut microbiota Gut mycobiome Gut virome
Increased: Increased: Increased:
Akkermansia 
muciniphila

Exophiala and 
Agaricales

Human cytomegalovirus in diverticulitis

Bacteroides/
Prevotella

Expression of antiviral response genes in 
earlier-onset diverticulitis

Bifidobacterium 
longum
Bifidobacterium 
animalis
Proteobacteria
Enterobacteriaceae
Microbacteriaceae
Roseburia hominis
Decreased:
Clostridium cluster 
IV
Clostridium cluster 
IX
Fusobacterium
Lactobacillaceae
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seems to have a crucial importance. Preliminary studies in diverticulitis patients 
showed an increased abundance of Exophiala in diseased tissues, whereas Agaricales 
was evidenced in the adjacent normal mucosa [61].

The human gut virome could play an important role in modulating the immune 
response and could be deeply implicated in chronic immune disorders, such in IBDs 
[62]. In this context, human cytomegalovirus was detected in intestinal cells 
obtained from patients with diverticulitis [63]. Furthermore, earlier-onset diverticu-
litis subjects (<42 years old) showed a higher expression of antiviral response genes 
than did later-onset patients (>65 years old), indicating a possible involvement of 
host response to viral infection in defining a subgroup of earlier-onset diverticulitis 
patients.

6.7  Conclusions

DD is a common condition that can evolve to symptomatic and then to severe com-
plications. Several hypotheses on its pathogenesis have been formulated. In this 
scenario, novel immunological pathways particularly connected to gut microbiota 
alterations are becoming available, and their involvement in the clinical course of 
the disease is highly plausible. Despite these findings, data remain controversial and 
conflicting and are too preliminary for drawing any useful conclusions for clinical 
practice. Future clinically oriented research will definitely represent a fascinating 
occasion to identify potential microbial targets for achieving personalized disease 
management and for translating the microbiological concepts into clinical practice.
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7Environmental Factors and Lifestyles

Maria Ellionore Jarbrink-Sehgal and David Humes

7.1  Introduction

According to the significant prevalence of diverticulosis and diverticular disease, 
the environmental and lifestyle factors in the natural history of diverticular disease 
have been extensively investigated. Environmental factors (such as geography, 
urbanization, and migration) and lifestyle factors (such as diets, physical activity, 
voluptuary habits, and drug use) may play a role in the spectrum of diverticular 
disease, even if the evidence supporting their role is not always clear.

7.2  Lifestyle Factors

7.2.1  Diet

Diverticular disease was first described as a “deficiency disease of Western 
Civilization” after researchers observed a greater prevalence of diverticulosis in 
Western industrial countries compared to developing countries in Africa. An asso-
ciation was also described between the introduction of roller milling in Britain 
(which removed two-thirds of the remaining fibers in flour) and an increase in the 
prevalence of the disease [1].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93761-4_7&domain=pdf
https://doi.org/10.1007/978-3-030-93761-4_7
mailto:maria.jarbrink-sehgal@bcm.edu
mailto:david.humes@nottingham.ac.uk


74

Migration studies report an increased risk of diverticular disease in immigrants 
who have left low-prevalence areas and adopted Western dietary patterns and life-
styles over time after settlement [2]. Explanatory mechanisms for diets affecting 
diverticular disease are unclear, but alterations in stool bulk, stool transit time, intra-
colonic pressures, and alterations in the gut microbiome have all been sug-
gested [3–6].

7.2.2  Fibers

Several well-characterized large prospective cohort studies have confirmed the ben-
efits of a high-fiber diet in reducing the risk of diverticular disease [7–10]. However, 
the impact of the amount and source of fiber intake, such as fruit and vegetable 
fibers vs. cereal fibers, on the risk of diverticular disease has varied in these studies. 
A recent systematic review and meta-analysis (including 5 prospective cohort stud-
ies with 19,282 cases of diverticular disease and 865,829 participants) has found a 
pooled risk reduction of 26% (RR 0.74, 95% CI 0.71–0.78), 44% (RR 0.56, 95% CI 
0.37–0.84), and 26% (RR 0.74, 95% CI 0.67–0.81) per 10 g/day of total fiber intake, 
fruit fiber intake, and cereal fiber intake, respectively [11]. Furthermore, a high 
dietary fiber intake of 40 g/day reduced the risk of diverticular disease by 58%, thus 
confirming an inverse linear association between the amount of fiber intake and 
diverticular disease. Fruit fiber, followed by vegetable fiber (excluding potato fiber), 
and cereal fiber seemed to be the most beneficial. In the same meta-analysis, a low 
cereal fiber consumption was linked to a slightly increased risk of diverticular dis-
ease but protective when consumed at a level of 15–30 g daily [11]. The authors 
concluded that further studies were required on the types of fibers and the risk of 
diverticular disease and diverticulitis.

However, the role of fibers in symptomatic uncomplicated diverticular disease 
(SUDD) remains unclear. A recent systematic review has evaluated the role of diet 
in the treatment of SUDD, but significant heterogeneity among included studies and 
differences in quality, methodology, and therapeutic regimens or outcome measure-
ments precluded a conclusion on whether fibers are indeed beneficial in the symp-
tom improvement treatment of SUDD [12].

Similarly, the relationship between fibers and diverticulosis is unclear. In con-
trast to the historical link between a low-fiber diet and diverticulosis [4], a large 
cross-sectional study found no correlation between the low-fiber diet and asymp-
tomatic diverticulosis [13]. In fact, a high fiber intake was associated with an 
increased prevalence of diverticulosis compared to participants with a low fiber 
intake. Similarly, no association between consumption and amount of vegetables, 
fermented vegetables (kimchi), fruits, and fruit juice intake and diverticulosis was 
shown in a Korean cross-sectional study [14].
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7.2.3  Nuts, Seeds, Corn, and Popcorn

In contradiction to the previous common advice to avoid nuts, seeds, and popcorn 
to lower the risk of diverticular disease, a large prospective Health Professional 
Follow-Up cohort study including 47,228 men found that nuts, seeds, and popcorn 
seemed safe to consume. In fact, during the 18 years of follow-up, a high nut and 
popcorn consumption (at least twice a week) was associated with a lower risk of 
diverticulitis (HR 0.80, 95% CI 0.63–1.01 for nuts and HR 0.72, 95% CI 0.56–0.92 
for popcorn) when compared to men with the lowest intake (less than once per 
month). No significant association was noted between eating corn and diverticulitis 
or between nut, corn, or popcorn ingestion and diverticular hemorrhage [15].

7.2.4  Vegetarian Diet and Diverticular Disease

A large prospective UK study found that vegetarians had a 31% lower risk (RR 
0.69, 95% CI 0.55–0.86) of diverticular disease (hospital admission and death) than 
did meat eaters [7].

7.2.5  Meat

The Health Professionals Follow-Up study, a large prospective study including 46, 
461 men, has recently reported that men with the highest total red meat consump-
tion had a 58% increased risk of incident diverticulitis (RR 1.58, 95% CI 1.19–2.11) 
than did men with the lowest red meat intake [16]. The risk seemed independent of 
the amount with a plateaued effect after six servings per week. The authors further 
reported that unprocessed red meat, including beef, pork, and lamb, was associated 
with a higher risk of diverticulitis than processed red meat such as bacon, hot dogs, 
salami, bologna, sausages, poultry, and fish. Finally, and very interestingly, substi-
tuting one serving of unprocessed meat per day with either poultry or fish indepen-
dently reduced the risk of diverticulitis by 20% (RR 0.80, 95% CI 0.63–0.99) [16].

In summary, dietary recommendations should include avoidance of red meat, 
especially unprocessed meat, substitution of red meat with poultry or fish, and con-
sumption of a diet rich in fruit and vegetable fibers. A high fiber intake is recom-
mended (i.e., >26 g daily), but preferably >30 g daily for the highest risk reduction 
for diverticulitis. Nuts, seeds, and popcorn are safe to consume in patients with 
diverticular disease.

7.3  Obesity

Large observational studies have found that a body mass index (BMI) of 25 or 
above (overweight and obese) increases the risk of diverticular disease including 
mild-to-severe diverticulitis [7, 17–23], complicated diverticular disease with 
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abscess/perforation [20, 24], emergency surgery, and diverticular hemorrhage 
[19], in both genders. The large prospective Health Professionals Follow-Up 
Study found that men in the obese category (BMI 30 kg/m2 or above) were two 
and threefold more likely to develop diverticulitis and diverticular hemorrhage, 
respectively, compared to men with a BMI of <21  kg/m2 (RR 1.78, 95% CI 
1.08–2.94 and RR 3.19, 95% CI 1.45–7.00) [19]. In addition, the type of body fat 
seems to play a role in diverticular disease. For example, a higher waist circum-
ference and waist–hip ratio, both indirect markers of central obesity and visceral 
fat, have been associated with significantly increased risks of diverticulitis and 
diverticular hemorrhage when compared with men in the lowest quintile for both 
categories even after adjustment for the BMI [19]. Visceral fat has further been 
linked to a more severe diverticular disease and higher likelihood to require 
emergency surgery, with postoperative complications and longer hospitalizations 
[25]. The reported mechanisms of this may be related to a proinflammatory state 
induced by the visceral fat [26].

The strong association between obesity and diverticular disease has been further 
demonstrated in a recent meta-analysis, including 6 prospective cohort studies, 
28,915 cases of diverticular disease, and 1,636,777 controls, finding a 28% (RR 
1.28, 95% CI 1.18–1.40), 31% (RR 1.31, 95% CI 1.09–1.56), and 20% (RR 1.20, 
95% CI 1.04–1.40) increase in the relative risk of diverticular disease, diverticulitis, 
and diverticular disease complications, respectively, per each 5 unit increase in the 
BMI [27]. There was a linear association between the BMI and diverticular disease 
but not with complicated diverticular disease. Underweight participants (BMI <18) 
had an increased risk of complicated diverticular disease compared to those with 
normal BMI, who had the lowest risk.

Early exposure to obesity and weight gain during adulthood also seems to play a 
role in developing diverticular disease. In a large population-based cohort of con-
scripts, exposure to a BMI of 25 or higher in late adolescence was associated with a 
twofold increased risk of diverticular disease requiring hospitalization compared to 
conscripts with normal BMI [23]. Similarly, in the prospective Nurses’ Health 
Study, a weight gain of 20 kg or more during adulthood was associated with a 73% 
increased risk of diverticulitis when compared to women maintaining their weight 
from the age of 18 [28].

Finally, in contrast to the well-established role of obesity in diverticular disease, 
studies examining the role of obesity in diverticulosis are discordant. Two prospec-
tive studies, including a Korean colonoscopy study [14] and a large US cohort study 
[19], were unable to find a significant association between obesity and diverticulo-
sis. Conversely, obesity (BMI 30 kg/m2 or more) was found to be independently 
associated with diverticulosis in both a retrospective Israeli case–control study [29] 
and a recent US colonoscopy study [30].

In summary, although conflicting evidence exists on the association between 
obesity and diverticulosis, there is robust evidence that obesity, specifically central 
obesity, is an independent risk factor for all types of diverticular disease, ranging 
from mild-to-severe diverticulitis, complicated diverticular disease, need for emer-
gency surgery, and diverticular hemorrhage. Visceral body fat is more hazardous 
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than subcutaneous body fat. Recommendations for early adoption of healthy life-
styles and avoidance of adulthood weight gain are supported by epidemiological 
studies to minimize the risk of future diverticular disease.

7.4  Physical Activity

Various studies support an inverse correlation between high physical activity and 
incidence of diverticular disease ranging from mild-to-severe diverticular disease 
[20, 23, 27, 31, 32]. Strenuous physical activity (28 or more metabolic equivalents 
of task (METs) per week) has been associated with a 34% risk reduction for diver-
ticular disease and up to 39% risk reduction for diverticular hemorrhage when com-
pared to those in the least active quintile of activity [20, 23, 32]. Conversely, physical 
inactivity (30  min or less per day) was associated with a 42% increased risk of 
diverticular disease requiring hospitalizations (RR 1.42, 95% CI 1.18–1.69) but not 
with complicated diverticular disease [20].

A recent meta-analysis with 5 prospective cohort studies, 2080 cases with 
diverticular disease, and 147, 869 participants, has further supported the benefits 
of physical activity in diverticular disease [27]. The findings included a 24% (RR 
0.76, 95% CI 063–0.93) risk reduction for diverticular disease in participants with 
high vs low physical activity in adulthood and a 26% (RR 0.74, 95% CI 0.57–0.97) 
risk reduction when comparing the highest vs the lowest level of vigorous physi-
cal activity [27].

In summary, early adoption of a healthy lifestyle with high or vigorous exercise 
more than three times weekly is associated with a reduced risk of significant diver-
ticular disease.

7.5  Smoking

Several studies have found a positive association between smoking and both symp-
tomatic [7, 18, 33–35] and complicated diverticular disease (perforation and/or 
abscess) [33, 35]. Most recently, a meta-analysis, including 5 studies with 6076 
cases among 385,291 participants, has found a 36% (RR 1.36, 95% CI 1.15–1.61), 
17% (RR 1.17, 95% CI 1.05–1.31), and 29% (RR 1.29, 95% CI 1.05–1.31) increased 
risk of incident diverticular disease among current, former, and ever smokers, 
respectively, and has further supported a dose-dependent association with 11% 
increased risk per 10 cigarettes per day (RR 1.11, 95% CI 0.99–1.25) [35]. 
Additionally, although the number of included studies was small (3 with a total of 
1118 cases of complications among 292, 965 participants), current smokers had a 
three to fourfold higher likelihood of having complicated diverticular disease com-
pared to nonsmokers [35]. This further strengthened the previous report where a two 
to threefold increased risk of complicated diverticular disease was noted among 
current male smokers, especially among heavy smokers and those smoking more 
than 15 cigarettes per day [34].
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However, the relationship between smoking and diverticulosis per se is less clear. 
Although few studies have found an association between smoking and diverticulo-
sis, cross-sectional design and confounding variables limited their validity [14, 36].

In summary, strong data support that smoking cessation should be recom-
mended or at least smoking should be reduced, as it has been associated with diver-
ticular disease, in particular complicated disease, and there is evidence of a 
dose-dependent relationship.

7.6  Alcohol

To date, conflicting data exist on the relationship between alcohol and diverticular 
disease.

Two large population-based studies from Denmark [37] and Sweden [23] 
reported a threefold and 43% increased risk of symptomatic diverticular disease 
requiring hospitalization among patients with previous admission for alcoholism 
when compared to the general population and among late adolescents with risky 
alcohol use compared to those without alcohol use, respectively. Conversely, two 
prospective population-based studies from the UK and US found no independent 
associations between alcohol consumption and self-reported diverticular disease or 
hospital admissions for diverticular disease [7, 17]. A recent systematic review has 
found alcohol to be associated with diverticular hemorrhage (OR 3.3, 95% CI 
1.3–8.5) for moderate and heavy drinkers but not with recurrent diverticular disease 
or complications [38].

The relationship between alcohol use and diverticulosis is similarly unclear. 
Although three colonoscopy-based cross-sectional studies from Korea [14], 
Lebanon [39], and Taiwan [40] found a positive association with the presence of 
diverticulosis, a recent meta-analysis including 6 studies and 53,644 participants 
has not [41].

7.7  Medications

Several medications have been implicated in diverticular disease, in particular with 
complicated perforated diverticular disease and diverticular hemorrhage.

7.7.1  NSAIDs

Multiple studies confirm a significantly increased risk of diverticulitis and diverticu-
lar hemorrhage with NSAID use. For example, regular aspirin use has been associ-
ated with a 25 and 70% increased risk of diverticulitis and diverticular hemorrhage, 
respectively, compared to nonusers (HR 1.25, 95% CI 1.05–1.47 and HR 1.70, 95% 
CI 1.21–2.39, respectively) [42]. Similar positive associations were noted between 
nonaspirin NSAID use and diverticulitis and diverticular hemorrhage when 
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compared to nonusers. The highest risk group, however, comprised individuals with 
high aspirin use (2–5.9 of 325 mg tablets per week, 4–6 days per week), with a two 
and threefold increased likelihood to develop incident diverticulitis and diverticular 
hemorrhage, respectively (HR 2.32, 95% CI 1.34–4.02 and HR 3.13, 95% CI 
1.34–4.02, respectively) [42]. This strong association between NSAIDs and diver-
ticular hemorrhage has since been confirmed in two meta-analyses [43, 44].

The use of NSAIDs has also been well linked to complicated diverticular disease 
with perforation and abscess formation. In a UK database study, Humes et al. found 
increased odds among current and previous NSAID users (OR 1.51, 95% CI 
0.98–2.31 and OR 1.62, 95% CI 1.39–1.90, respectively [24]. A prospective cohort 
study further found 87% increased risk of diverticular perforation among NSAID 
users [42]. Additionally, a meta-analysis including 8 studies found a pooled OR of 
2.49 (95% CI 1.98–3.14) for diverticular perforation among NSAID users [43].

7.7.2  Opioids and Corticosteroids

Perforated diverticular disease has strongly been associated with current opioids 
(OR 2.16, 95% CI 1.55–3.01) and oral corticosteroids (OR 2.74, 95% CI 1.63–4.61) 
[24]. However, oral corticosteroid use has not been associated with diverticular 
hemorrhage in a recent meta-analysis with three studies included (pooled OR 1.95, 
95% CI 0.64–5.93) [43].

7.7.3  Statins

Statin use may be protective against complicated diverticular disease and diverticu-
lar disease requiring surgical treatment, at least in subjects aged 65 years or older. 
In a UK database study, statin use was associated with a 56% risk reduction for 
perforated diverticular disease in current users, but no association was found in ever 
users (OR 0.44, 95% CI 0.20–0.95) [24]. However, statin use had no effect on 
uncomplicated diverticular disease in a large prospective Swedish population-based 
case–control study [45]. Additionally, a recent retrospective study from New 
Zealand has found no effect of statin use on diverticulitis requiring hospitalization 
nor on complicated or recurrent diverticulitis [46]. However, an age-stratified sub-
analysis found a significant risk reduction in diverticulitis, complicated diverticular 
disease, and recurrent disease among subjects aged 65 years or older (RR 0.47, 95% 
CI 0.34–0.67; RR 0.35, 95% CI 0.19–0.64; RR 0.36, 95% CI 0.14–0.95) [46].

7.7.4  Other Medications

Selective serotonin reuptake inhibitor (SSRI) use has been associated with a 
decreased risk of diverticulitis, complicated diverticular disease, and recurrent dis-
ease [46]. Calcium channel blocker use has been associated with increased odds for 
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diverticular hemorrhage in a recent meta-analysis including three case–control stud-
ies (pooled OR 2.50, 95% CI 1.44–4.35) [43] but not with perforating diverticular 
disease [24].

In summary, the above-mentioned lifestyle factors are modifiable with evidence 
that adherence to a healthy lifestyle reduces the risk of future diverticulitis by 50% 
with adoption of a low-risk lifestyle [47].

7.8  Environmental Risk Factors

To date, studies evaluating the role of environmental factors, such as geographical 
and seasonal variability, urbanization, and crowded living, in diverticulosis and 
diverticular disease are few and discordant [2, 7, 48–53].

7.8.1  Socioeconomic Status, Urbanization, and Education

High socioeconomic status (SES) and urbanization were found to be associated 
with diverticulosis in an early Greek study [48]. However, recent data have been 
conflicting. A US study showed low SES to be linked to emergent presentation of 
diverticular disease and worse disease on admission [54]. In addition, two Swedish 
adult population-based studies found discordant results. The first study found low 
SES to be associated with a lower risk of hospitalization for both uncomplicated and 
complicated diverticular disease admissions compared to those with the highest 
income [53], whereas another found an increased risk [2]. In contrast, a Swedish 
population-based study of conscripts in late adolescence found no association 
between SES during childhood and future diverticular disease requiring hospitaliza-
tion [55].

Similar discordant study results exist on the association between urban vs rural 
areas of living and diverticular disease. Two adult population-based studies found 
positive associations between rural residency and risk of uncomplicated diverticular 
disease and diverticular disease requiring hospitalization, when compared to urban 
living [2, 53], whereas the Swedish population-based conscript study did not [55].

The influence of education on diverticular disease has been similarly 
contradicting.

One large prospective UK cohort study found higher education level (higher sec-
ondary level and university degree vs. some secondary school) to be protective 
against future hospitalizations from diverticular disease [7]. In a similar vein, 
Nikberg et  al. found low education level to be associated with increased risk of 
uncomplicated and complicated diverticular disease needing hospital admission 
[53]. However, two Swedish population-based studies in adult and late adolescent 
populations found no association [2, 55].
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7.8.2  Geographical and Seasonal Factors

Geographical and seasonal variances have been reported to play a role in 
diverticulitis- associated admissions. A US study found lower age-adjusted rates of 
diverticulitis-associated admissions in the West (50.4/100,000) compared to those 
in the Northeast (77.7/100,000), South (73.9/100,000), and Midwest (71.0/100,000). 
The Northeast was noted to have the highest increase in admission for diverticular 
disease (39%), followed by the Midwest [49]. In addition, low UV areas in the US 
have been reported to have a higher rate of diverticulitis admissions, diverticular 
abscess (12.0 vs. 9.7%; P < 0.001), and colectomies for diverticular disease com-
pared to high UV areas. Paradoxically, summer was the season with the highest rate 
of diverticulitis admissions compared to winter months (748 vs. 645 per 100,000; 
P < 0.001). The admission rate difference was more pronounced in areas with the 
greatest UV fluctuations throughout the year and among patients older than 60 years 
of age, Caucasians, and rural patients compared to their respective reference 
groups [49].

Seasonal variance seems to exist in other parts of the world as well. A recent 
multinational database study, including three geographically distinct populations 
from the United Kingdom, Australia, and the US, has found a 22–24% maximal 
increase in admissions during peak summer months in all three countries [52]. 
However, diverticular hemorrhage was not associated with any geographical or sea-
sonal variance [49].
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Abbreviations

AD Asymptomatic diverticulosis
AUD Acute diverticulitis
CD Colonic diverticulosis
DD Diverticular disease
SCAD Segmental colitis associated with diverticulosis
SUDD Symptomatic uncomplicated diverticular disease
IBS Irritable bowel syndrome

8.1  Introduction

Diverticulosis is characterized by the presence of pockets called “diverticula”, 
which form when the colonic mucosa and submucosa herniate through defects in 
the muscular layer at the weakest point on the colonic wall – the sites of penetration 
by blood vessels of the colon wall [1]. A diverticulum was first described anatomi-
cally by Littre in 1770, according to a book by Morgagni. In 1896, Mayo operated 
on a patient with a colovesical fistula, secondary to diverticulitis [2]. Diverticular 
disease (DD) is defined as the presence of diverticulosis. DD is the most common 
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condition affecting the large bowel in the Western world. DD (and diverticulitis in a 
special way) is one of the most common reasons for ambulatory visits (2,500,000 
clinic visits) and hospital admissions (≈200,000 hospital admissions) in the USA 
and is associated with significant impairment of quality of life. Consequently, DD is 
associated with significant economic burden in direct health-care expenditures and 
in indirect costs to society (estimated at $4 billion dollars per year) [3]. Recent stud-
ies have reported an increase in the incidence of diverticulitis among age groups 
18–44 and 45–64  years (incidence per 1000 population: 0.151–0.251 and 
0.659–0.777, respectively), and, additionally, these patients had a more aggressive 
form of disease, with a fivefold increase in the risk of complications, such as fistula, 
compared with the age group 45–64 years [4, 5].

Many perceive diverticulosis to be an asymptomatic disease although this is con-
troversial. About 15–20% develop diverticulitis with complications (hemorrhage, 
inflammation, pericolonic abscesses with or without perforation, strictures, fistulas, 
and perforation), but most episodes of diverticulitis are uncomplicated and some of 
these patients may develop what is termed “symptomatic uncomplicated diverticu-
lar disease” (SUDD). However, some also use this concept to describe patients 
without a clear-cut episode of diverticulitis who have recurrent left iliac fossa (LIF) 
pain amongst other symptoms and who are shown to have diverticulosis without 
macroscopic inflammation [6].

8.2  Terminology

The literature is replete with terms of unclear meaning, such as DD, symptomatic 
diverticulosis, and symptomatic uncomplicated diverticular disease (SUDD). 
According to the current accepted definitions, the following terminology is used to 
describe diverticulosis and its complications (Table 8.1) [4, 7–9]. However, there is 
scope for clarification of these terms, to simplify them, and this may have implica-
tions in guiding treatment.

Table 8.1 Terminology used for describing different scenarios in which diverticula may be 
detected [4, 7–9]

Diverticulosis: Presence of colonic diverticula
Diverticular disease: Clinically significant and symptomatic diverticulosis
   (a)  Symptomatic uncomplicated diverticular disease (SUDD): Symptoms (episodes of 

abdominal pain) attributed to diverticulosis in the absence of any visible inflammation or 
diverticulitis

   (b)  Diverticulitis: Macroscopic inflammation of diverticula, often associated with 
pericolonic inflammation

    ∙ Uncomplicated
    ∙ Complicated: Abscess, peritonitis, obstructions, fistulas, or hemorrhage

Segmental colitis associated with diverticulosis (SCAD): a form of chronic diverticulitis that 
occurs in the colon surrounded by multiple diverticula
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8.3  Clinical Presentation and Differential Diagnosis

Diverticulosis refers to the presence of asymptomatic colonic diverticula [8]. Among 
patients who develop colonic diverticulosis, more than 80–85% remain asymptom-
atic during their lifetime. Only 20% of those affected develop symptoms, the so- 
called “diverticular disease” [7–10]. The overarching term “diverticular disease” 
implies that the pathological lesion (diverticulosis) rises to the level of an illness [8]. 
The majority of patients have an uncomplicated form of diverticular disease and are 
only discovered because they show up during investigation of other conditions, such 
as during colonoscopy, which is performed for colorectal screening purposes, etc. 
The vast majority of these patients have no specific symptoms attributable to diver-
ticulosis; some may clinically present IBS symptoms, but both conditions are 
extremely common. In all, 15–20% develop a clinical course of diverticulitis, 
including that which may be associated with complications (requiring surgery for 
perforations, abscesses, and fistulas) [11] or not; the latter has a complex natural 
history, that is, many remain asymptomatic, others get recurrent diverticulitis, and 
others get the so-called SUDD.

8.4  History

Asymptomatic uncomplicated DD refers to the presence of diverticulosis without 
any symptoms or complications of the disease. Most often this is an incidental find-
ing in asymptomatic patients undergoing gastrointestinal evaluation for other indi-
cations [12]. A careful history does not associate the vast majority with specific 
symptoms, but, in some cases, the patients may have preexisting IBS-like symptoms.

Symptomatic uncomplicated diverticular disease (SUDD) is classically per-
ceived as a subtype of DD characterized by recurrent abdominal symptoms such as 
lower abdominal pain, bloating, tenesmus, and changes in bowel habits attributed to 
diverticula, in the absence of other macroscopical alterations (colitis or diverticuli-
tis) [9, 12, 13]. Abdominal symptoms may be similar to those of irritable bowel 
syndrome (IBS) due to similar pathophysiological mechanisms underlying both dis-
ease processes, including visceral hypersensitivity [14, 15]. This of course raises the 
question whether the symptoms are due to IBS, with the diverticula being an inci-
dental finding, or whether the symptoms are genuinely related to the diverticula. 
Clemens et al. [16] showed that SUDD patients had hyperalgesia in the sigmoid 
colon with diverticula, but so do many patients with IBS. However, it is suggested 
that some abdominal pain features could be used to differentiate these two disor-
ders. A key distinction between pain related to SUDD and IBS is localization of the 
pain – SUDD patients have episodes of pain typically located in left iliac fossa, 
lasting 24 h, whereas IBS patients generally complain of diffuse/generalized pain. 
IBS patients experience diarrhea and/or constipation, whereas in SUDD, constipa-
tion is the rule and patients may experience tenderness in the left iliac fossa. Another 
diagnostic feature in IBS is the relief of pain by defecation or flatulence, which is 
not seen in SUDD patients [17]. However, sometimes it is impossible to 
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differentiate SUDD from IBS based on the symptoms [18]. Physical examination on 
SUDD may be completely normal, may show a distended and pressure-sensitive 
abdomen, or a “palpable and pressure-sensitive roll” may often be found in the left 
lower quadrant [8].

The problem of distinguishing between these two conditions (in the absence of 
an episode of diverticulitis) is substantial. The above-mentioned SUDD symptoms 
have some of the hallmarks of recurrent mild (or ongoing) episodes of diverticulitis. 
Rectal hypersensitivity estimations do not distinguish this from IBS, and investiga-
tions (usually carried out during a time when the patient is relatively asymptomatic) 
do not demonstrate intestinal inflammation (i.e., negative imaging studies for 
inflammation, but fecal calprotectin may be marginally raised). This is clearly a 
situation that requires more research.

The differential diagnosis of lower abdominal pain includes many conditions 
with overlapping signs and symptoms and can be challenging for the practitioner. 
Table 8.2 reviews the common differential diagnoses for lower abdominal pain, and 
Table 8.3 [19] reviews the differential diagnosis between IBS and SUDD.

Table 8.2 Differential diagnoses for lower abdominal pain

Irritable bowel syndrome
Acute infectious bowel diseases
Inflammatory bowel diseases – Crohn’s disease, ulcerative colitis
Ischemic colitis or drug-induced colitis (e.g., antibiotics, NSAIDs, etc.)
Acute appendicitis
Hernias (abdominal wall hernia, inguinal hernia)
Gynecological disease – Adnexitis, ovarian cyst, tubal pregnancy, etc
Urological diseases – Ureteral colic, cystitis, pyelonephritis, etc
Malignant diseases – Colon carcinoma, ovarian tumor
Diseases of the retroperitoneum – Abscess, hematoma, aneurysm, etc

Table 8.3 Factors differentiating SUDD from IBS [19]

Factors orienting to: IBS SUDD
Age: Older − +

Age: Younger + −
Sex: Male − +

Sex: Female + −
Positive Rome IV criteria + −
Pain: Periumbilical + −
Pain: Left lower quadrant − +

Pain: Frequent episodes + −
Pain: Long periods of 
remission

− +

Pain: Nocturnal − +

Fecal inflammatory markers, 
usually positive

− +
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8.5  What Causes the Transition from Asymptomatic 
Diverticulosis to Symptomatic Diverticular Disease?

The causes of symptom development, in some patients, are still unclear and largely 
speculative.

One hypothesis is that motility alteration may be the cornerstone of symptom 
occurrence. Colonic motility is impaired in those patients and is mainly linked to 
serotonin imbalance in the muscular layer [20]. In fact, it is known that gene expres-
sion profiles of the serotonergic system and distribution of the serotonin type 4 
receptor (5HT4R) are decreased in the circular muscular layer and myenteric gan-
glia of patients with SUDD [21], but a cause-and-effect relationship has not yet 
been established.

Another postulated mechanism for the development of symptoms is the pres-
ence, at least in a subgroup of patients with diverticulosis, of intestinal bacterial 
overgrowth, a putative mechanism responsible for low-grade inflammation. This 
bacterial overgrowth, aided by the fecal stasis inside the diverticula, could contrib-
ute to intermittent or chronic low-grade inflammation that, together with increas-
ing nerve fiber sprouting [22] and smooth muscle hypertrophy [23], can lead to 
symptom occurrence. In addition, dysbiosis seems to play a role in SUDD occur-
rence. In a descriptive, cross-sectional pilot study, Barbara and colleagues [24] 
showed a depletion of microbiota members with anti-inflammatory activity (includ-
ing Clostridium cluster IV, Clostridium cluster IX, Fusobacterium, and 
Lactobacillaceae) associated with mucosal macrophage infiltration (>70% increase 
in colonic macrophages) in patients with diverticular disease. However, the deple-
tion of these bacteria from the intestinal microbiota is nonspecific. Another pilot 
study [25] analyzed data from stool samples obtained from 44 women (15 patients 
with SUDD without a history of diverticulitis, 13 with asymptomatic diverticulosis 
(AD), and 16 healthy controls (HCs)). By assessing the fecal microbiota and 
metabolome, the authors found that the three groups do not show colonic bacterial 
overgrowth (p  =  0.449) with no difference in the Bacteroides/Prevotella, 
Clostridium coccoides, Bifidobacterium, Lactobacillus, and Escherichia coli sub-
groups. Interestingly, the amount of A. muciniphila, a species having a mucolytic 
effect on colonic mucus, was significantly higher in the SUDD group (−3.56 ± 1.27, 
P = 0.044) and in the AD group (−3.41 ± 1.13, p = 0.019) than in the HC group 
(−4.57 ± 1.05). Moreover, the SUDD group was characterized by low levels of 
valerate (P = 0.009), butyrate (P = 0.047), and choline (P = 0.009) and by high 
levels of N-acetyl-glucosamine (P < 0.001) and an unidentified compound (U1) 
(P = 0.003). In both SUDD and AD groups, a correlation between Akkermansia 
levels and several SCFAs was found (isovalerate, valerate, and formate). Moreover, 
a pilot study [26] found that there is a significant relationship between higher 
expression of Akkermansia muciniphila and symptom occurrence in SUDD.

Several studies confirm the hypothesis that low-grade inflammation may also 
play a key role in determining the clinical behavior of DD: fecal calprotectin is 
statistically increased in SUDD patients versus asymptomatic diverticulosis (AD) 
patients, healthy controls, or IBS patients [27, 28], but most studies show that fecal 
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calprotectin is increased in about 15% of patients with IBS, so it is by itself not a 
good discriminatory marker. Nevertheless, proinflammatory cytokines such as 
TNF-α and microscopic inflammatory infiltrates (lymphocytic and neutrophilic 
inflammatory infiltrates) are increased in DD and seem to be correlated with the 
severity of the disease [29–31]. Despite these findings, SUDD is still questioned. 
However, to our minds, it is a key part of the DD spectrum. Finally, not only do low- 
grade intestinal inflammation, dysbiosis, and serotonergic system have a role in the 
occurrence of SUDD but also lifestyle factors may explain the development of 
symptoms – diet (meat, nuts, corn, and seed intake), smoking, alcohol consumption, 
obesity, physical activity, and drug intake. There is evidence suggesting that certain 
types of meat, higher alcohol consumption, and smoking increase the risk of diver-
ticulosis and diverticular disease [32–34]. In addition, obesity seems to be linked to 
diverticular disease complications but not to diverticulosis occurrence [35–37].

8.6  SUDD or IBS “FOLLOWING ACUTE DIVERTICULITIS?”?

Of course, there is a dilemma: is it SUDD or IBS in DD, particularly after a diver-
ticulitis episode? It is not always easy to decide, however, and there are several 
aspects orienting the diagnosis toward one of the two (Table 8.3) [19].

Following a documented uncomplicated diverticulitis episode, many patients 
experience ongoing symptoms. These have not been systematically investigated, but 
there are a number of different possibilities. First, there is a syndrome characterized 
by recurrent, usually mild, LIF pain, constipation, and tenderness. These episodes 
are characteristically treated with courses of antibiotics and some of them are asso-
ciated with increased fecal calprotectin. To our minds, these are best classified as 
recurrent mild diverticulitis. The second is an ongoing problem with what is mostly 
a pre-diverticulitis IBS and which has been exacerbated by the diverticulitis epi-
sode. Last but not least, there is a possibility that post diverticulitis, symptoms pres-
ent clinically as de novo IBS (that have all the features of IBS but not the 
LIF-dominant pain and tenderness). This may present a form of postinflammatory 
IBS. This is a relatively new concept, based on an old one. Originally, Truelove 
described a number of patients with severe gastroenteritis that developed a symptom 
complex that was indistinguishable from IBS. Since then, there is an opinion that 
one of the possible consequences of enteropathogenic infections by invasive bacte-
ria, protozoa, and viruses is a symptom complex that meets the clinical criteria for 
IBS. The cause of this is incompletely understood and the natural history is some-
what different from classic IBS with a much higher recovery rate, and it is usually 
much milder. The overall incidence of this so-called postinfectious IBS varies from 
2–5% to 5–40% after certain infections [38].

The criteria for postinfectious IBS [38] are clear:

 1. Recurrent abdominal pain, on average, at least 1  day per week in the last 
3 months, with symptom onset at least 6 months before diagnosis, associated 
with two of the following: (a) defecation, (b) a change in the frequency of stool, 
and (c) a change in the form (appearance) of stool;
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 2. Symptom development immediately after resolution of acute infectious 
gastroenteritis;

 3. Infectious gastroenteritis defined by a positive stool culture in a symptomatic 
individual or by the presence of two of the following acute symptoms (when 
stool culture is not available): (a) fever, (b) vomiting, and (c) diarrhea;

 4. Should not meet the criteria for IBS before the onset of acute illness.

A noticeable feature is that more than 50% undergo spontaneous remission 
within 4–6 years, whereas the rest seem to have ongoing symptoms with a low rate 
of remission.

After an episode of acute diverticulitis, we know that symptoms may persist, and 
this syndrome has been initially defined as “post-diverticulitis IBS”. Cohen et al. 
[39] found that, in a population with a mean age > 60 years, the prevalence of IBS 
following an episode of acute diverticulitis was 4.7-fold higher than that in controls 
(95% CI 1.6–14.0; p = 0.006), and that the mood disorder was 2.2-fold more higher 
than that in controls (95% CI 1.4–3.5; p < 0.001); Yamada et al. [15] found that IBS 
was observed in 7.5% of people with a prior episode of acute diverticulitis. Moreover, 
left-sided (odds ratio 3.1) and bilateral diverticulosis (odds ratio 2.6), but not right- 
sided disease, were associated with a higher risk of IBS. These studies hypothesized 
that the de novo occurrence of IBS could have a pathogenetic mechanism similar to 
that causing the so-called “post-infectious” IBS.  However, those patients do not 
have characteristics that fulfill the IBS criteria. Kvasnovsky et al. [40] followed up 
245 patients after an episode of acute diverticulitis for 45 months and found that 
abdominal symptoms persisted for more than 3 months in 53% of this population. 
Younger age and C-reactive protein (CRP) <50 mg/L were found to be the predic-
tors of symptom persistence, and 6% of those people underwent surgery. Neither 
surgery may be considered an option for resolving symptoms. Two studies found 
that about 25% of patients who had elective surgery due to symptoms following 
acute diverticulitis suffered from persistent symptoms (painful constipation, painful 
abdominal distension, abdominal cramps, frequent painful diarrhea, fecal inconti-
nence, and fecal urgency) [41, 42]. To our minds, these symptoms are best classified 
as “post-diverticulitis SUDD”. Several factors support this hypothesis – generally, 
those patients who do not meet the IBS criteria [43] have an increased expression of 
IL-10 [44]; TNF-α and several other proinflammatory cytokines that are overex-
pressed [45] have a persistent submucosal inflammation [46]. According to all these 
findings, the recent third International Symposium on Diverticular Disease has 
defined SUDD post-acute diverticulitis as “a chronic inflammatory disease with 
prolonged chronic symptoms, high levels of systemic serum inflammatory markers, 
high levels of tissue inflammatory cytokine and chronic inflammatory infiltrates in 
the affected colonic tissue. [Evidence level: 2C; Recommendation Grade: B]” [6]. 
Recently, a clinical score, named the diverticular clinical score (DICS), has been 
developed and validated to assess post-diverticulitis SUDD-related symptom sever-
ity [47]; further studies have to confirm its impact on monitoring post-diverticulitis 
SUDD in clinical practice, in particular for facilitating patient stratification and 
therapeutic decisions.
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8.7  The Natural History of SUDD

The knowledge of the outcomes of the disease is limited [48]. Three studies [49–51] 
evaluated the natural history of SUDD in terms of the occurrence of acute diverticu-
litis and its complication during a 5-year follow-up, whereas the most recent study 
[48] has evaluated, in addition, the symptom score and the quality-of-life (QoL) 
score using a visual analog scale (VAS) during a median time of 156 (91–171) 
months of follow-up.

Four studies reported the prevalence of acute diverticulitis in SUDD patients 
between 1.7% and 10.4% [48–51], and the diverticulitis risk in SUDD patients 
seems to become null after 10 years from the diagnosis of SUDD [48].

Regarding the recurrence/persistence of symptoms in patients with SUDD, the 
results are discordant. Comparato et al. [52], Carabotti et al. [53], and Tursi et al. 
[48] found that SUDD negatively affects patients’ QoL due to persistence/recur-
rence of symptoms, and 91.3% patients [36] often require more than one course of 
treatment. On the contrary, Salem et  al. [49] found that the majority of SUDD 
patients (97%) do not have mild symptoms after a median follow-up of 66 months.

8.8  Conclusions

A correct diagnosis of diverticular syndromes is challenging for clinicians. Patient’s 
symptoms are nonspecific and may overlap with other gastroenterological condi-
tions (e.g., IBS), for instance, in young women (<40 years), who also have gyneco-
logical disorders. The onset of symptoms in diverticular patients is controversial 
and may be due to excessive growth of bacteria, low inflammation, diet, obesity, and 
hereditary factors. SUDD is an important disease that affects patients significantly 
in the long term.
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9Acute Diverticulitis

Angel Lanas and Giovanni Latella

9.1  Introduction

Acute diverticulitis can be both uncomplicated and complicated. Uncomplicated 
diverticulitis is characterized by the presence of localized colonic inflammation 
with or without small abscess formation confined to the colonic wall. Complicated 
diverticulitis is characterized by the presence of abscess, fistula, obstruction, or free 
perforation. Fistulas and obstruction are early or late complications of diverticulitis 
[1]. The localization of diverticulitis (left colon or right colon) impacts both the 
clinical presentation and the differential diagnosis with other pathologies. Acute 
diverticulitis of the left colon (mainly sigmoid) prevails in Western countries, 
whereas diverticulitis of the right colon prevails in Asian populations, which, in 
70% of cases, mimics acute appendicitis.

Several modifiable (overweight/obesity, low fiber intake, high fat and red meat 
intake, smoking, reduced physical activity, medications) and nonmodifiable (age, 
sex, genetics) risk factors have been associated with an increased risk of diverticu-
litis and complicated diverticulitis [2].

Notably, diverticulitis is the most severe form of diverticular disease. Recent 
studies have shown that acute diverticulitis occurs in less than 5% of patients with 
diverticulosis [3]. In the USA, diverticulitis is the seventh most frequent 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93761-4_9&domain=pdf
https://doi.org/10.1007/978-3-030-93761-4_9
mailto:angel.lanas@gmail.com
mailto:giolatel@tin.it


100

gastrointestinal diagnosis from hospital admissions [4]. Complications of diverticu-
litis can occur in approximately 12–25% of patients with diverticulitis [5].

The initial suspicion of acute diverticulitis is based on clinical history and physi-
cal examination, although its final and confirmatory diagnosis requires an objective 
test, which is usually a CT scan and/or an ultrasonography test (Fig. 9.1) [6, 7]. The 
classical clinical presentation of acute diverticulitis includes a combination of 
abdominal pain and fever. Pain is often located in the left lower quadrant of the 
abdomen, is acute at onset, and is persistent. The location of pain may be different 
in cases of redundant sigmoid or in the Asiatic population where the diverticula are 
more often located in the right colon. Fever and chills are also frequent. These 
symptoms are often accompanied by leukocytosis. Other symptoms can also be 
present and these include nausea, vomiting, and diarrhea or even constipation, but, 
when other symptoms such as dysuria or diffuse abdominal pain are present, they 
indicate the presence of complicated acute diverticulitis. Abdominal tenderness in 
the left lower abdominal quadrant is common and can be associated with involun-
tary muscular contractions as the consequence of peritoneal inflammation [8] 
(Table  9.1). If pain allows, a gross and painful sigmoid colon can be palpable. 
Auscultation of the abdomen may show decreased intestinal movement, but there is 
no rule. Rectal examination can be painful, especially if there is occupation of the 
cul-de-sac [1].

However, there are differences in the clinical presentation of acute diverticulitis 
depending on a number of aspects that deserve to be taken into account, including 
the severity and location of the inflamed diverticula, the age of the patient, and the 
degree of the immune response of the patient, which can often be modulated by the 
use of different drugs such as corticosteroids or immunosuppressive drugs or bio-
logical agents. In most patients, acute diverticulitis is mild, responds well to medical 
treatment, and usually does not recur. However, in up to 30% of patients, the disease 
may recur, and up to 25% of the patients might suffer from complications such as 
abscess formation, fistula, or free perforation [1].

a b

Fig. 9.1 (a) CT image of acute uncomplicated diverticulitis with evidence of multiple sigmoid 
diverticula and marked increase in wall thickness, reaching 13–15 mm. (b) CT image of compli-
cated acute diverticulitis with voluminous abscess/phlegmon adjacent to the sigmoid, following 
perforation of the diverticulum. Abscess is about 6 cm, with marked inhomogeneity of the adipose 
tissue and with air inside. Courtesy of Prof. Francesca Maccioni, Sapienza University of Rome
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The combination of clinical and laboratory findings can allow not only to dif-
ferentiate uncomplicated from complicated diverticulitis but also to predict the 
occurrence of complicated disease.

The severity of acute diverticulitis can be graded based on the modified Hinchey 
classification, which depends on clinical features combined with objective tests 
(Table  9.2). Here, we revise the different clinical features of acute diverticulitis 
based on the severity of presentation and in patients with different baseline 
conditions.

9.2  Uncomplicated Acute Diverticulitis

Most cases (75%) of acute diverticulitis can be considered uncomplicated since the 
inflammatory process is limited to the wall of the colon. These patients often have 
mild or medium symptoms limited to pain, usually in the left lower abdominal 
quadrant, and mild or absent fever and leukocytosis. These cases are usually classi-
fied as Hinchey 0 or Ia (Table) since the radiological test shows that the inflamma-
tory process takes place in the colonic wall or not beyond the pericolic fat at the 
most (Fig.  9.1) [3, 9]. Today, these patients are usually not hospitalized and are 
treated as outpatients. One study [10] compared the clinical features of patients with 

Table 9.1 Clinical characteristics of acute diverticulitis

Type of patient Common Clinical Features
Uncomplicated 
diverticulitis

Abdominal pain, usually not intense, located most frequently in the 
inferior left abdominal quadrant (Western countries) or in the 
inferior right abdominal quadrant (Eastern countries). Mild fever 
and leukocytosis. No need for hospitalization in most cases

Complicated
Diverticulitis

Abdominal pain located most frequently in the inferior left 
abdominal quadrant (Western countries) or in the inferior right 
abdominal quadrant (eastern countries) (often misdiagnosed as 
acute appendicitis). Abdominal pain can be intense with rebound 
and tenderness if peritonitis is present. Other symptoms, such as 
nausea, vomiting, diarrhea, abdominal distension, etc., can also be 
present. Fever and leukocytosis. Hospitalization required. Surgical 
intervention often required

Acute diverticulitis in 
the elderly

Pain, fever, and leukocytosis are milder than in younger patients. 
Higher rate of comorbidities and higher risk of developing 
complications and death

Acute diverticulitis in 
young patients

Pain, fever, and leukocytosis can be more prominent than in older 
patients, but it is unclear whether this is followed by a higher rate of 
complicated diverticulitis. Higher rate of recurrence

Acute diverticulitis in 
immunocompromised 
patients

Symptoms of acute diverticulitis in immunocompromised patients 
are subtler than in immunocompetent patients. Higher rates of 
complicated acute diverticulitis

Acute diverticulitis in 
the right colon

Often misdiagnosed as acute appendicitis. Patients are younger, 
more likely to be male, taller, with a lower body mass index, and 
less advanced modified Hinchey stages than patients with acute 
diverticulitis of the left colon
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acute diverticulitis who were hospitalized with those of patients who were seen at 
the emergency department and not hospitalized. Patients who were hospitalized 
were younger and had more frequent abdominal pain not limited to the lower abdo-
men, nausea and vomiting, diarrhea, constipation, oral temperature > 37.5 °C, leu-
kocytosis >7700 mm3, band cells >700 mm3, and the triad (abdominal pain, fever, 
and leukocytosis) > 11,000 mm3. Similar findings were observed in other studies. In 
a retrospective cohort study of 1749 patients [11], presenting clinical features and 
computed tomography findings were analyzed. Inpatients were older, had more 
comorbidities, had no history of past diverticulitis, and were more often under-
weight/normal weight than those not hospitalized. The typical acute diverticulitis 
triad (abdominal pain + fever + leukocytosis) was rarely seen (5.2%) in outpatients 
or those (10.7%) only attended at the emergency department compared with the 
38.6% observed in hospitalized patients. In a multivariable analysis, females had a 

Table 9.2 Acute diverticulitis and clinical features according to modified Hinchey classification. 
Modified from reference 3

Stage
Clinical 
Category Common Clinical Features

0 Mild diverticulitis, 
diverticula with colonic 
wall thickening on CT

Uncomplicated Mild pain located, most frequently, in the 
inferior left abdominal quadrant. Mild fever 
and leukocytosis or often not present. No 
need for hospitalization

Ia Colonic wall thickening 
inflammatory phlegmon 
in the pericolic fat

Uncomplicated Mild pain located, most frequently, in the 
inferior left abdominal quadrant
Mild fever and leukocytosis. Abdominal 
tenderness. No need for hospitalization 
unless there are risk factors (e.g., 
immunocompromised patients)

Ib Pericolic/mesenteric 
abscess proximal to the 
primary inflammatory 
process

Complicated Pain located, most frequently, in the inferior 
left abdominal quadrant. Abdominal 
tenderness. Fever and leukocytosis. 
Hospitalization usually required

II Intra-abdominal 
abscess distant from the 
primary process; pelvic 
or retroperitoneal 
abscess

Complicated Abdominal pain that can be present beyond 
the left inferior abdominal quadrant. Other 
symptoms may be present. Fever and 
leukocytosis. Hospitalization required

III Generalized purulent 
peritonitis

Complicated Diffuse abdominal pain with rebound, high 
fever and marked leukocytosis. Other 
symptoms, such as nausea or vomiting and 
abdominal distension, are usually present. 
Hospitalization and urgent surgical action 
required

IV Generalized fecal 
peritonitis

Complicated Diffuse abdominal pain with rebound, high 
fever and marked leukocytosis. Other 
symptoms, such as nausea or vomiting and 
abdominal distension, are present. 
Hospitalization and urgent surgical action 
required
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lower risk for the presence of the triad features but increased odds of vomiting. 
Older patients had decreased odds of fever, but patients with ≥1 comorbidity had 
increased risk of presenting the typical triad of acute diverticulitis.

Another study evaluated the clinical features of patients who were treated for 
abdominal pain, which were significantly associated with a final diagnosis of acute 
diverticulitis [12]. From a cohort of 1021 patients, 112 eventually had a diagnosis of 
acute diverticulitis. There were three clear clinical features defining the presence of 
diverticulitis: direct tenderness only in the left lower quadrant, the absence of vom-
iting, and a C-reactive protein level > 50 mg/L.

9.3  Complicated Acute Diverticulitis

Around 8–35% of patients with acute diverticulitis can be included in the term 
“complicated acute diverticulitis” [13, 14]. Within the modified Hinchey classifica-
tion (Table), these cases are Ib–IV and include the development of pericolic or mes-
enteric abscess in the proximity of the inflammatory process (Ib), intra-abdominal 
and distal to the colon abscess, including those of the pelvic or retroperitoneal loca-
tion (II), and diffuse purulent (III) or fecal peritonitis (IV).

The development of pericolic or intramesenteric abscess is relatively frequent 
and is the consequence of perforation of the colonic diverticula, which is usually 
controlled (Fig. 9.1). In fact, one study of patients clinically diagnosed as uncompli-
cated diverticulitis that underwent elective surgery after an acute episode found that 
almost half (47.8%) of them had abscess during surgical or pathological examina-
tion [15]. Clinical features that suggest the presence of abscesses during the course 
of an acute diverticulitis event include the presence of an abdominal painful mass 
and the presence of persistent fever and leukocytosis, despite the administration of 
an appropriate antibiotic therapy. A confirmatory CT scan or an ultrasonography 
will guide the appropriate therapy, which will rapidly reduce the symptoms and 
signs described above.

Although uncommon, acute diverticulitis can induce diffuse purulent or fecal 
peritonitis due to free perforation, and this is a surgical emergency. Early detection 
of peritonitis is critical and should be suspected in patients with important diffuse 
abdominal pain, abdominal muscular defense, and positive Blumberg’s sign, 
although these signs may not be highly apparent in the elderly and in immunocom-
promised patients. In these cases, confirmatory CT scans or simple radiological 
examinations of the abdomen may detect free air [1].

Partial or, more rarely, a complete obstruction of the colon may occur in an acute 
diverticulitis event due to a reduction of the luminal diameter of the colon because 
of the pericolic inflammatory process or abscesses. In these cases, patients will 
present abdominal distension, nausea, vomiting, and intermittent abdominal pain as 
the consequence of increased intestinal movements. The clinical picture usually 
improves rapidly with treatment of the baseline cause. However, after the acute 
event, some patients may develop a colonic chronic stricture with severe 
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constipation, abdominal distension, and pain, which will require either endoscopic 
or surgical treatment.

Finally, another complication of acute diverticulitis is the development of fistula 
connecting the colonic lumen with the adjacent organs. The organs affected more 
frequently are the urinary bladder (65%), especially in men, and the vagina (25%) 
in women [13, 16–18]. The presence of fecal material in urine, or more often hema-
turia or pneumaturia together with persistent urine infection, should alert the pres-
ence of this complication. The presence of spontaneous vaginal flatus and infections 
should prompt the investigation of the presence of colovaginal fistula. Other less 
common fistulas are coloenteric fistula or fistulas connecting the colon with the 
uterus or the abdominal wall.

9.4  Acute Diverticulitis in the Elderly and in Young Patients

The prevalence of diverticulosis increases with age, and, therefore the occurrence of 
acute diverticulitis may affect patients with advanced age. It is believed that acute 
diverticulitis occurs more frequently in the elderly than in younger patients, although 
this has been challenged in recent years [19]. Advanced age is usually accompanied 
by a lower capacity of response and a higher prevalence of comorbidities, which 
should result in a higher risk of developing more serious acute diverticulitis. 
However, pain, fever, and leukocytosis in the elderly are usually subtler than in 
younger patients with acute diverticulitis, which can make the diagnosis difficult, 
but, in general, acute diverticulitis in the elderly is mild, but the risk of dying is 
higher if complications arise. One study [20] aimed to compare the clinical out-
comes of acute diverticulitis in patients older with patients younger than 80 years of 
age. Patients >80 years had less fever (21.4 vs. 35.2%; p < 0.001) and abdominal 
pain (47.8 vs. 65.6%; p < 0.001) than did younger patients but higher rates of diges-
tive tract bleeding (31.5 vs. 12.3%; p < 0.001) and fatigue (12.7 vs. 7.1%; p = 0.004). 
Length of hospital stay, rates of major complications, and mortality were higher for 
patients >80 years.

Colon diverticula are more frequent in elderly patients who, for cardiovascular or 
musculoskeletal pathologies, frequently take acetylsalicylic acid and/or nonsteroi-
dal anti-inflammatory agents (NSAIDs). Such drugs represent a risk factor for 
diverticulitis and for the perforation of diverticula as they inhibit the cyclooxygen-
ase enzyme and reduce prostaglandin synthesis in the gut [21, 22]. Prostaglandins 
have important protective effects on the colonic mucosal barrier. Therefore, to 
reduce the complications of colonic diverticula, it is necessary to prescribe with 
caution NSAIDs and/or acetylsalicylic acid in patients with colonic diverticular 
disease.

The incidence of acute diverticulitis in patients under 50 years of age has clearly 
been increasing in recent years. The reasons for this increase are not clear, but they 
are likely to reflect a combination of changing lifestyle influences and more accu-
rate diagnosis [2]. Young patients with acute diverticulitis have been considered to 
follow a more aggressive course than older patients and to have more prominent 
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symptoms of the characteristic diverticulitis triad (pain, fever, and leukocytosis), but 
data are scarce to confirm this assertion. A recent meta-analysis [23] has compared 
outcomes in patients with acute diverticulitis younger and older than 50 years of 
age. In all, 8 studies were included in the analysis with a total of 4.751 patients 
younger and 18.328 older than 50 years of age. The study concluded that there were 
not many differences between these two groups of age, although younger patients 
have a higher risk of having recurrences and a bit higher risk (7.3 vs. 4.9%) of devel-
oping complicated acute diverticulitis requiring surgery.

Another meta-analysis including 12 studies with 4982 patients under the age of 
50 confirmed that acute diverticulitis was no more severe and aggressive in young 
patients than in elderly patients [24]. Most young patients were males (RR 1.70, 
95% CI 1.31–2.21), without a tendency toward a more complicated disease at 
admission (RR 0.95, 95% CI 0.46–1.97). Although there was no significant differ-
ence in the rate of surgery during hospitalization (RR 0.69, 95% CI 0.46–1.06), 
young patients underwent more elective surgeries (RR 2.39, 95% CI 1.82–3.15). No 
mortality was recorded among young patients. The disease recurrence rate was sig-
nificantly higher than that for elderly patients (RR 1.70, 95% CI 1.31–2.21).

Finally, one small study [25] of 76 patients under the age of 40 who developed 
an episode of acute diverticulitis showed that 30.2% of them had fever (>38 °C) and 
68.4% had leukocytosis (≥11,000/mm [3]). It was of interest to see that the majority 
of these young patients (63.1%) were obese and 38.1% patients had complications, 
with perforation (62%) being the most common. The authors concluded that high 
fever and obesity were predictors of complications in this range of age. However, 
another earlier study, [26] from the Kaiser Permanente Los Angeles Medical Center, 
analyzed a small subset of patients ≤40 years of age and considered that their data 
did not support a “virulent” label in the young who develop an acute diverticuli-
tis event.

9.5  Acute Diverticulitis in Immunocompromised Patients

Immunosuppression could increase the complication rate in patients with acute 
diverticulitis. Well-documented groups of immunocompromised patients comprise 
transplantation patients, in whom many prospective studies have been conducted.

Symptoms of acute diverticulitis in immunocompromised patients are subtler 
than those in immunocompetent patients. This implies the need to have a higher 
level of suspicion in this type of patients when referring to mild symptoms in the 
abdomen. A delay in the diagnosis may have serious consequences. Acute diverticu-
litis in these patients is not more frequent, but the development of complications has 
been described more frequently [27]. Immunocompromised patients include those 
who have undergone an organ transplant or those receiving immunosuppressive 
drugs for other reasons, chronic corticosteroid patients, patients undergoing chemo-
therapy, or patients with AIDs [28]. A systematic review of complicated acute diver-
ticulitis in 11,966 post-transplant patients showed that the overall incidence of 
complicated diverticulitis ranged from 0.1% to 3.5% and that more often they 

9 Acute Diverticulitis



106

developed a complicated disease course [29]. Still, most patients can be managed 
conservatively, but they require a more aggressive initial approach [27]. When they 
require urgent surgery, they also have worse outcomes including a higher mortality 
when compared with immunocompetent patients [30], and that is why it has been 
advised that immunocompromised patients must undergo elective surgery after the 
first episode of acute diverticulitis [31].

Although immunosuppression in a transplant patient is therapeutic and adjust-
able, immune deficiency in an AIDS patient is inimical and uncontrolled. In ear-
lier studies, no evidence for any increased susceptibility to diverticulitis in 
HIV-positive patients was reported [32]. A recent study has reported the results 
of 2375 patients with HIV infection hospitalized for diverticulitis and 160,391 
patients without HIV infection hospitalized for diverticulitis from 2007 to 2011 
[33]. Patients with HIV infection were younger and more likely to be male and 
non-white. After multivariate analysis, patients with diverticulitis and HIV infec-
tion had a significantly increased in-hospital mortality rate (odds ratio (OR) 3.94, 
(95% confidence interval (95% CI), 1.52–10.20) and a lower rate of surgical 
intervention (OR 0.74, 95% CI 0.57–0.95). From 2003 to 2011, there was a linear 
increasing trend in the prevalence of HIV infection among patients hospitalized 
for diverticulitis (P < 0.001).

9.6  Acute Diverticulitis in the Right Colon

Although in Western countries diverticula are more frequently located in the sig-
moid and left colon, they can be present in any part of the colon, and, in fact, diver-
ticula in the right colon are more prevalent in Asiatic populations. In any case, the 
diagnosis of acute diverticulitis in the right colon must be considered in the differ-
ential diagnosis of any patient presenting sudden abdominal symptoms in the right 
colon, especially with the typical triad of pain, fever, and leukocytosis. In this case, 
the differential diagnosis must be performed with other pathologies that mimic 
diverticulitis of the right colon such as acute appendicitis. Some clinical aspects 
must be considered in favor of an episode of acute diverticulitis. These include the 
presence of a previous history of diverticular disease in the right colon, Asian eth-
nicity, younger age (40–45 years), and the absence, or less prominent presence, of 
nausea and vomiting, [34–37]. Clinical examination reveals an inflammatory mass 
in the right lower quadrant in 30% of cases; diffuse peritonitis, large abscesses, and 
fistulae are rare. A CT scan, in addition to acute appendicitis, allows the differential 
diagnosis with other pathologies that mimic diverticulitis of the right colon includ-
ing Meckel’s diverticulitis, Crohn’s disease, infectious colitis of the right colon 
(such as Yersinia), typhlitis, ileocecal tuberculosis, omental infarction, omental 
appendicitis, and abscesses or tumors of the psoas.

A recent study [38] has compared the clinical features of right-side with those of 
left-side acute diverticulitis. Patients with acute diverticulitis of the right colon were 
younger, more likely to be male, taller, had a lower body mass index, and less 
advanced modified Hinchey stages. Although it seems that the proportion of left 
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acute colonic diverticulitis seems to be increasing in some Asiatic populations, such 
as the Japanese [39], the different clinical features between right and left colonic 
diverticulitis seem to be similar to those describe above.
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10Diverticular Bleeding
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10.1  Introduction

Colonic diverticular bleeding (CDB) is the most common cause of lower gastroin-
testinal hemorrhage. A recent large population-based study reported an incidence of 
14/100,000 inhabitants per year, although the diagnosis is mostly presumptive in the 
presence of colonic diverticula without any other detected source of bleeding [1]. 
Approximately 70–80% of diverticular bleedings stop spontaneously, but rebleed-
ing occurs in up to 38% of patients [2]. In an older population, CDB can lead to 
significant morbidity, especially in those with hemodynamic instability and comor-
bid conditions, such as hypertension, diabetes mellitus, chronic obstructive pulmo-
nary disease, chronic renal insufficiency, and coronary artery disease [3]. In spite of 
continuous improvement in both diagnostic and therapeutic approaches, CDB man-
agement remains challenging, due to the persisting low rate of bleeding site identi-
fication and a relatively high rate of rebleeding after achieving hemostasis.

10.2  Pathogenesis and Risk Factors

The pathogenesis of diverticular bleeding is not completely understood, but one 
common theory is that it originates over time because of repetitive injury to the vasa 
recta as they pass through the muscular layer to drape over the dome of the 
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diverticulum [4]. Older age was found to be related to an increased incidence of 
CDB [5, 6]. A possible explanation is that arteriosclerosis, which commonly accom-
panies aging, weakens the arterial wall of the vasa recta, thus predisposing them to 
traumatic rupture.

Data regarding the use of concurrent drugs and risk of developing CDB have 
been widely reported in the literature. Two systematic reviews with meta-analysis 
showed increased odds of bleeding from use of aspirin and other nonsteroidal anti-
inflammatory drugs [7, 8]. More recently, use of antiplatelets, but not anticoagu-
lants, has been reported to be associated with increased risk of bleeding [9].

10.3  Diagnosis

CDB usually presents with acute-onset painless hematochezia [10]. Patients may 
rarely present with mild abdominal cramping or the urge to defecate. The stool may 
be bright red to dark maroon in color [11]. If hematochezia is abundant, nasogastric 
lavage should be performed to exclude an upper gastrointestinal source [12].

At initial clinical assessment, vital signs such as state of consciousness, blood 
pressure, and heart rate should be evaluated to assess the hemodynamic status of the 
patient.

Contemporarily, thorough medication history, with particular attention to antico-
agulants, antiplatelets, and nonsteroidal anti-inflammatory drugs (NSAIDs), it is 
important to predict the risk of rebleeding and for management, as well as the pres-
ence of comorbidities, such as chronic kidney disease, cirrhosis, hypertension, and 
diabetes [13, 14].

Blood tests (e.g., hemoglobin, hematocrit, prothrombin time international nor-
malized ratio, blood urea nitrogen, and creatinine) are useful to determine the indi-
cation for admission, intensive care, and timing of tests. In particular, in patients 
with severe hematochezia, the ratio of blood urea nitrogen and creatinine was found 
to be useful in the differential diagnosis of upper gastrointestinal tract bleeding. 
According to a meta-analysis, upper gastrointestinal tract bleeding is likely with a 
ratio ≥ 30 [15].

Colonoscopy, CT, angiography, and abdominal US are commonly used to diagnose 
CDB. CDB diagnosis has evolved during the last decade with the constant use of CT 
helical angiography. In patients with CDB, contrast-enhanced CT is advised before 
colonoscopy because identifying the source of bleeding prior to surgery may result in 
a less-invasive urgent colonoscopy and more effective hemostasis [16] (Fig. 10.1).

Colonoscopy, unlike CT angiography and other noninvasive diagnostic tools, 
enables treatment directly after diagnosis. Considering both the diagnostic and 
therapeutic outcomes of colonoscopy, its use is associated with lower medical 
costs [17].

CBD is difficult to diagnose by abdominal ultrasound; however, it may be an 
effective screening method for lower gastrointestinal bleeding because it does not 
require bowel preparation and is not associated with radiation exposure [18].
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10.4  Treatment

The management of CDB has evolved in the last 10 years with the introduction of 
interventional endoscopy and angiographic treatment.

10.4.1  Endoscopic Hemostasis

Endoscopic treatment is indicated when the following stigmata of hemorrhage are 
detected: active bleeding, nonbleeding visible vessels, and adherent clot underlying 
them [19] (Fig. 10.2a, b).

Fig. 10.1 (a) Enhanced 
computed tomography 
image showing 
extravasation in the 
ascending colon (arrow)

a b

Fig. 10.2 (a) Nonbleeding visible vessel at the base of a diverticulum (arrow). (b) Active bleeding 
during endoscopic hemostasis

10 Diverticular Bleeding



114

With many options to achieve endoscopic hemostasis, it is first important to 
determine the appropriate method.

One option to achieve endoscopic hemostasis includes a four-quadrant submuco-
sal injection of dilute epinephrine (1:10000). Epinephrine injection therapy alone 
can show vasoconstrictive and mechanical effects, often providing only temporary 
cessation of hemorrhage with significant risk of early rebleeding within 30 days 
[20]. Therefore, epinephrine injection therapy should be used concurrently with 
other modalities [21, 22].

Endoscopic clipping is a diffuse method because it induces less tissue injury than 
other endoscopic modalities and enables continued treatment without withdrawal of 
the colonoscope. Clips may be directly applied on the visible source of bleeding or 
they may be used to close the opening of the bleeding diverticula. Direct clipping of 
the exposed vessel or erosions is more effective than clipping of the entire diverticu-
lar orifice [23]. However, because colonic diverticular bleeding often occurs at the 
base of the diverticulum, clipping hemostasis is often difficult to be achieved [24]. 
Primary hemostasis can be achieved in 83–100% of cases, but early rebleeding may 
occur in up to 50% of cases [25]. Endoscopic clipping may also be combined with 
epinephrine injection [26] (Fig. 10.3).

An over-the-scope clip system (Ovesco Endoscopy AG, Tübingen, Germany) 
has been designed for a full-thickness tight closure using saw-like teeth of a shark. 
It allows secure anchoring within the normal tissue surrounding the neck of the 
bleeding diverticulum (Fig. 10.4a–c). However, it is very expensive and cannot be 
applied on firm diverticula that cannot be sufficiently suctioned [27].

Endoscopic band ligation (EBL) can be a secure method, allowing a tight closure 
of the bleeding site.

Fig. 10.3 Combination 
therapy with epinephrine 
injection and endoscopic 
clipping
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EBL has been proven to be more effective in decreasing rebleeding when com-
pared with endoscopic clipping [28]. However, a delayed perforation might develop 
as a rare complication of EBL [29].

10.4.2  Arterial Embolization

Interventional radiology should be considered in patients with ongoing bleeding 
who do not respond adequately to hemodynamic resuscitation efforts and are, there-
fore, unlikely to tolerate bowel preparation and urgent colonoscopy [10]. Moreover, 
it may be used when endoscopic hemostasis fails or rebleeding occurs after endo-
scopic therapy [24].

A variety of materials can be used for embolization with no significant difference 
among them. The most frequently used materials are coils and polyvinyl alcohol 
particles. When performing arterial embolization, it is absolutely necessary to iden-
tify the site of bleeding on angiography and it should be performed as close to the 

a

c

b

Fig. 10.4 (a, b) Use of an OTSC for diverticular bleeding. (c) Endoscopic hemostasis using an 
OTSC after a month
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source of bleeding as possible because collateralization distal to the ligament of 
Treitz is not adequate to avoid the risk of infarction.

The success rate of embolization is reported to be 70–90% [10, 30]. Intestinal 
ischemia is a complication specific to arterial embolization, occurring in up to 10% 
of patients [31, 32]. It is also important to pay attention to contrast-induced nephrop-
athy and other side effects associated with contrast media.

10.4.3  Surgery

Emergency colectomy is recommended for severe CDB after unsuccessful endo-
scopic therapy or arterial embolization.

The surgical procedure of choice is partial segmental resection, which may be 
performed when the bleeding site is localized before surgery. A subtotal colectomy 
performed for nonlocalized lower gastrointestinal tract bleeding is associated with 
increased morbidity (37%) and mortality (11–33%), and it should be indicated only 
in patients with uncontrolled massive hemorrhage, when there are no alternatives 
[33]. The rebleeding rate in one study with a mean follow-up of 1 year was zero for 
subtotal colectomy, 14% for segmental resection with localization of bleeding, and 
42% with segmental resection with nonlocalization of bleeding [34].

Elective resection should be considered in patients with recurrent diverticular 
bleeding.
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Segmental Colitis Associated 
with Diverticulosis

Silvio Danese and Adi Lahat

11.1  Introduction

Segmental colitis associated with diverticulosis (SCAD) is a defined pathological 
entity characterized by an inflammatory process engaging the inter-diverticular 
mucosa of the colonic segment involved. The rectum and the right colon are spared 
from inflammation [1].

Limitation of the mucosal lesion to the diverticular segment is the most important 
diagnostic criterion for SCAD (rectal sparing). Rectal and descending colon biopsies 
are required to distinguish SCAD from inflammatory bowel disease (IBD) [1].

The disease is relatively rare, with a prevalence of 0.25–1.4% in the general 
population and 1.15–11.4% amongst diverticular disease (DD) patients. The mean 
age at diagnosis is early to mid-60s, with a slightly higher male preponderance [2–
4]. The pathogenesis is multifactorial and includes genetic susceptibility, alternation 
in the bowel microbiome, local ischemia, mucosal prolapse, and recurrent acute 
diverticulitis attacks [5–8].

The clinical presentation as well as the endoscopic and histological appearance 
vary among four major subtypes and resemble IBD.

SCAD type A (Fig. 11.1) is endoscopically characterized by red patches involv-
ing the colonic folds and diverticular sparing with neutrophil and lymphocyte 
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a

b

Fig. 11.1 (a, b) SCAD 
type A. Red stains involve 
the colonic folds, and the 
diverticular orifices are 
spared. (Tursi A, Elisei W 
et al. Segmental colitis 
associated with 
diverticulosis: a 5-year 
follow-up. Int J Colorectal 
Dis. 2012 
Feb;27(2):179–85)

infiltrates limited to the crypt epithelium histologically. SCAD types B and D are 
both characterized by ulcerative colitis (UC)-like changes endoscopically and histo-
logically, with erosions and hyperemic areas in the affected mucosa.

While in SCAD type B (Fig. 11.2), inflammation is milder, type D correlates 
with severe disease, and the inflammation includes diffuse ulceration and narrowing 
of the bowel lumen [6–10]. (Fig. 11.3). In these severe cases, the differential diag-
nosis of ulcerative colitis (UC) is based on rectal sparing in SCAD compared to 
prominent rectal inflammation in UC.

S. Danese and A. Lahat



121

a

b

Fig. 11.2 (a, b) SCAD 
type B. Erosions and 
hyperemia affecting the 
colonic folds while the 
diverticular orifices are 
spared

Histological changes in both subtypes (B and D), similar to UC, involve crypt 
distortion and crypt abscesses [6–10].

SCAD type C is characterized by Crohn’s disease-like changes, with isolated 
aphthous ulcers and transmural inflammatory changes (Fig. 11.4) [6–10].

Table 11.1 presents the typical endoscopic and histological presentations of all 
different SCAD subtypes.
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a

b

Fig. 11.3 SCAD type 
D. Diffuse mucosal 
inflammation affecting the 
entire diverticular area

Fig. 11.4 SCAD type 
C. Endoscopic presentation 
is characterized by 
aphthous ulcers surrounded 
by a normal-looking 
mucosa
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Table 11.1 SCAD subtypes: endoscopic and histological features. (From: Schembri J, Bonello J 
et al. Segmental colitis associated with diverticulosis: is it the coexistence of colonic diverticulosis 
and inflammatory bowel disease? Ann Gastroenterol. 2017;30(3):257–261)

Feature Type

Pattern

A B C D

Crescentic fold
Mild-to-moderate 
UC-like CD-like Severe UC-like

Macroscopic 
appearance

Red round lesions 
0.5–1.5 cm at top 
of mucosal folds

Diffuse loss of 
vascular pattern, 
edema, 
hyperemia and 
pinpoint 
erosions

Isolated aphthous 
ulcers

As in B but more 
severe with 
diffuse 
ulceration and 
reduced caliber 
of lumen

Histological 
appearance

No architectural 
crypt distortion

Crypt distortion 
present together 
with Chronic 
changes in 
lamina propria

Highest variability. 
Transmucosal 
inflammation with 
microfissures

Crypt distortion 
present together 
with chronic 
changes in 
lamina propria

Cellular 
changes

Neutrophil and 
lymphocyte 
infiltrates limited 
to crypt 
epithelium

Crypt abscesses 
and goblet cell 
depletion

Lymphoid follicles 
and non-specific 
infiltrates

Crypt abscesses 
and goblet cell 
depletion

Diverticular 
sparing

Yes Yes Yes Yes

CD Crohn’s disease, SCAD segmental colitis associated with diverticulosis, UC ulcerative colitis

11.2  Clinical Presentation and Laboratory Markers

Similar to that of IBD, the clinical presentation of SCAD usually involves chronic 
diarrhea, abdominal pain, or rectal bleeding [11]. SCAD type may dictate symp-
toms, and while type A SCAD is usually presented with diarrhea, types B and D 
may present as rectal bleeding. However, unlike most IBD presentations, systemic 
symptoms such as fever, high white blood cell (WBC) count, and weight loss are 
rare. Furthermore, the disease course is usually milder than that of IBD, and, in 
many cases, patients experience full recovery after initial presentation with no fur-
ther symptomatic relapses [12].

Disease type affects the prognosis, and while type A and type C SCAD may fully 
recover even without any specific medical treatment, types B and D, which resem-
ble UC with more robust mucosal inflammation, have a higher risk of symptom 
recurrence and usually require treatment [10]. In rare cases, the disease might even 
progress to involve more colonic segments and become a full-blown UC [13, 14].

Laboratory studies in SCAD are usually normal, with a normal WBC count and 
negative serological markers such as perinuclear antineutrophil cytoplasmic anti-
bodies (pANCAs) [15] or anti-Saccharomyces cerevisiae antibodies (ASCAs) [16], 
which are often positive in IBD.  However, fecal calprotectin, which indicates 
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migration of neutrophils to the bowel mucosa and by that functions as a marker of 
intestinal inflammation [17], is usually elevated [18].

11.3  Treatment

Treatment options are derived mainly from the clinical presentations and are built as 
a step-up ladder. Thus, first-line treatment is composed of antibiotic treatment – 
usually ciprofloxacin and metronidazole – for variable time periods depending on 
clinical improvement. Second-line therapy for nonresponders or remitters includes 
5-ASA – first at a loading dose of up to 4 g per day, with dose reduction according 
to clinical response [19]. Another treatment option offered by Tursi et al. [20] sug-
gests treatment with a combination of beclomethasone dipropionate (BDP) and the 
probiotic VSL#3 for 4 weeks, with the option of using 5-ASA for maintenance of 
remission [10]. Severe cases who do not respond to the initial treatment might 
require steroid treatment, with the use of steroid-sparing agents for maintenance of 
remission.

Data in the literature are scarce and mainly consist of only a few case reports.
As in IBD, the accepted steroid-sparing medications are azathioprine, 6-MP 

[10], and biological therapy  – mainly anti-TNF-α agents such as infliximab and 
adalimumab [21, 22]. Notably, TNF-α was shown to be overexpressed in SCAD 
[23] and downregulated after successful treatment [24].

With regard to the current recommendations for IBD treatment in the elderly, 
considering potential side effects [25] and the fact that most SCAD patients are usu-
ally in that age group, we recommend considering an anti-TNF-α agent or vedoli-
zumab (although not backed up by the current literature) rather that thiopurines as 
steroid-sparing treatment. Surgery is reserved for severe unresponsive cases [25]. 
Treatment duration might vary depending on the clinical presentation and response 
and can last for several weeks or months [26]. A schematic summary of a step-up 
treatment algorithm is shown in Fig. 11.5.

Step 1:
Ciprofloxacin+
Metronidazole
Maintenance: 5 ASA

Step 2:
BDP+VSL#3
Maintenance: 5 ASA

Step 3: Prednisone
Maintenance: steroid sparing
Anti TNFa/other biologic therapy

Step 4:
Surgical
treatment

Fig. 11.5 Schematic of a step-up therapeutic algorithm. * BDP: beclomethasone dipropionate  
# 5-ASA: 5-aminosalicylic acid
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11.4  Conclusions

SCAD is a relatively rare complication of diverticular disease, which resembles 
IBD clinically, endoscopically, and histologically. The differential diagnosis of IBD 
might be difficult and mainly consists of anamnestic data and disease location – 
inflammation that exclusively affects the diverticular area of the colon. SCAD has 
four defined clinical subtypes, determined according to specific endoscopic and his-
tological features. The disease is usually mild with a favorable prognosis. Treatment 
is based on a step-up design, and only rare refractory cases compel surgical 
treatment.

References

 1. Cuomo R, Barbara G, Pace F, et al. Italian consensus conference for colonic diverticulosis and 
diverticular disease. United European Gastroenterol J. 2014;2(5):413–42.

 2. Tursi A. Segmental colitis associated with diverticulosis: complication of diverticular disease 
or autonomous entity? Dig Dis Sci. 2011;56(1):27–34.

 3. Imperiali G, Meucci G, Alvisi C, et al. Segmental colitis associated with diverticula: a pro-
spective study. Gruppo di Studio per le Malattie Infiammatorie Intestinali (GSMII). Am J 
Gastroenterol. 2000;95(4):1014–6.

 4. Mann NS, Hoda KK. Segmental colitis associated with diverticulosis: systematic evaluation of 
486 cases with meta-analysis. Hepato-Gastroenterology. 2012;59(119):2119–2.

 5. Ludeman L, Shepherd NA. What is diverticular colitis? Pathology. 2002;34:568.
 6. Gore S, Shepherd NA, Wilkinson SP. Endoscopic crescentic fold disease of the sigmoid colon: 

the clinical and histopathological spectrum of a distinctive endoscopic appearance. Int J Color 
Dis. 1992;7:76–81.

 7. Shepherd NA. Diverticular disease and chronic idiopathic inflammatory bowel disease: asso-
ciations and masquerades. Gut. 1996;38:801–2.

 8. Schembri J, Bonello J, et al. Segmental colitis associated with diverticulosis: is it the coex-
istence of colonic diverticulosis and inflammatory bowel disease? Ann Gastroenterol. 
2017;30(3):257–61.

 9. Tursi A, Elisei W, et al. Segmental colitis associated with diverticulosis: a 5-year follow-up. Int 
J Color Dis. 2012;27(2):179–85.

 10. Harpaz N, Sachar DB. Segmental colitis associated with diverticular disease and other IBD 
look-alikes. J Clin Gastroenterol. 2006;40(Suppl 3):S132–5.

 11. Freeman HJ. Natural history and long-term clinical behavior of segmental colitis associated 
with diverticulosis (SCAD syndrome). Dig Dis Sci. 2008;53:2452–7.

 12. Hokama A, Kinjo F, Tomiyama R, et al. Progression of diverticular colitis to ulcerative colitis. 
Inflamm Bowel Dis. 2005;11:618.

 13. Maeshiro T, Hokama A, Kinjo T, Fujita J. Diverticular colitis of the ascending colon preceding 
the onset of ulcerative colitis. BMJ Case Rep. 2014;2014:bcr2014204361.

 14. Freeman HJ.  Atypical perinuclear antineutrophil cytoplasmic antibodies in patients with 
Crohn’s disease. Can J Gastroenterol. 1997;11:689–93.

 15. Torres J, Petralia F, Sato T, et al. Serum biomarkers identify patients who will develop inflam-
matory bowel diseases up to 5 years before diagnosis. Gastroenterology. 2020;159(1):96–104.

 16. Konikoff MR, Denson LA. Role of fecal calprotectin as a biomarker of intestinal inflammation 
in inflammatory bowel disease. Inflamm Bowel Dis. 2006;12(6):524–34.

 17. Tursi A, Elisei W, Giorgetti G, Aiello F, Brandimarte G. Role of fecal calprotectin in the diag-
nosis and treatment of segmental colitis associated with diverticulosis. Minerva Gastroenterol 
Dietol. 2011;57:247–55.

11 Segmental Colitis Associated with Diverticulosis



126

 18. Rampton DS. Diverticular colitis: diagnosis and management. Color Dis. 2001;3:149–53.
 19. Tursi A, Brandimarte G, Giorgetti GM, Elisei W. Beclomethasone dipropionate plus VSL#3 for 

the treatment of mild to moderate diverticular colitis: an open, pilot study. J Clin Gastroenterol. 
2005;39:644–5.

 20. Hassan C, Zullo A, Ierardi E, et al. Tumour necrosis factor alpha downregulation and thera-
peutic response to infliximab in a case of segmental colitis associated with diverticula. Gut. 
2006;55(4):589–90.

 21. Ierardi E, Meucci G, Hassan C, et al. Tumour necrosis factor alpha in segmental colitis associ-
ated with diverticula. Dig Dis Sci. 2008;53(07):1865–8.

 22. Tursi A, Nenna R, Danese S. Therapeutic response to adalimumab in a case of steroid depen-
dent segmental colitis associated with diverticulosis. Am J Gastroenterol. 2021;116:1760–1.

 23. Tursi A, Elisei W, Brandimarte G, et al. Tumour necrosis factor-alpha expression in segmen-
tal colitis associated with diverticulosis down-regulates after treatment. J Gastrointestin Liver 
Dis. 2011;20(04):365–70.

 24. John ES, Katz K, Saxena M, et al. Management of Inflammatory Bowel Disease in the elderly. 
Curr Treat Options Gastroenterol. 2016;14(3):285–304.

 25. Imperiali G, Terpin MM, Meucci G, Ferrara A, Minoli G. Segmental colitis associated with 
diverticula: a 7-year follow-up study. Endoscopy. 2006;38:610–2.

 26. Kucejko RJ, Poggio JL. Considerations and changes in the evaluation, management, and out-
comes in the Management of Diverticular Disease: the diagnosis, pathology, and treatment of 
diverticular colitis. Clin Colon Rectal Surg. 2018;31(4):221–5.

S. Danese and A. Lahat



Part IV

Diagnosis



129

D. Compare · G. Nardone (*) 
Gastroenterology Unit, Department of Clinical Medicine & Surgery, University Federico II of 
Naples, Naples, Italy
e-mail: debora.compare@unina.it; nardone@unina.it 

K.-A. Gwee 
Gleneagles Hospital, Singapore, Singapore
e-mail: slbclinic@gmail.com

12Biomarkers

Debora Compare, Kok-Ann Gwee, and Gerardo Nardone

12.1  Introduction

The diagnosis of diverticular disease (DD) continues to be a challenge due to the 
broad spectrum of disease presentation and its overlap with other abdominal condi-
tions mimicking its clinical picture.

Indeed, up to 75% of patients with colonic diverticulosis remain completely 
asymptomatic throughout their lives, whereas approximately 25% of individuals 
with diverticulosis develop symptomatic uncomplicated diverticular disease 
(SUDD), and an even smaller proportion develop acute diverticulitis (AD) [1]. 
About 12% of patients presenting with AD will have a complication, including per-
foration, abscess, or fistula, and 20% of patients will have at least one recurrent 
episode. Finally, fewer than 5% of patients with diverticulosis will experience diver-
ticular hemorrhage [1].

Patients with SUDD may develop unspecific chronic gastrointestinal symptoms 
(abdominal pain, bloating, or changes in bowel habits), resembling those of irritable 
bowel symptom (IBS), and patients with diverticulosis rarely develop segmental 
colitis that closely resembles or even overlaps with inflammatory bowel disease 
(IBD) [2]. Consequently, clinical evaluation of DD alone results in a wrong diagno-
sis in 34–68% of the cases, which means delayed or inadequate treatment, unneces-
sary investigations, avoidable and prolonged hospital stay, and increased costs [3].

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
A. Tursi et al. (eds.), Colonic Diverticular Disease, 
https://doi.org/10.1007/978-3-030-93761-4_12

mailto:debora.compare@unina.it
mailto:nardone@unina.it
mailto:slbclinic@gmail.com
https://doi.org/10.1007/978-3-030-93761-4_12


130

The use of imaging techniques may help clinicians in the daily management of 
these patients. In clinical practice, ultrasonography (US) is usually the first-line diag-
nostic tool for patients with abdominal complaints. However, although US criteria for 
AD are well-established, there are no standardized criteria for SUDD diagnosis [4]. 
Conventional abdominal computed tomography (CT) plays a crucial role in evaluat-
ing patients with the suspicion of AD, and, due to its wide availability and high accu-
racy in diagnosing acute disease, it is considered the preferred front-line radiological 
test worldwide [5]. Nevertheless, abdominal US is examiner- dependent, and CT is 
expensive and potentially harmful. In recent years, novel techniques have been pro-
posed for the diagnosis of DD.  Computed tomography colonography (CTC) is 
strongly advisable in cases in which colonoscopy is incomplete, has failed, or is 
unfeasible, but it is contraindicated in acute abdominal conditions, such as AD, 
because of the high risk of complications [6]. Magnetic resonance imaging (MRI) has 
significant potential as a radiation-free imaging test for AD, but results from this tech-
nique remain inconclusive in terms of their ability to provide clinical direction [7].

Looking at the drawbacks of clinical evaluation and imaging techniques, the 
availability of biomarkers would be strongly advisable for better management of DD.

The history of the term “biomarker” dates back to the 1950s when it was first 
included in the English language [8]. In the 1970s, the term was used to indicate the 
presence of material of biological origin. However, it then took nearly another two 
decades for The National Institute of Health Biomarkers Definitions Working Group to 
officially recognize the term ‘biomarker’ in 1998 [8]. Before long, the term began to be 
widely used and correlated with the clinical course of the disease [9]. Currently, accord-
ing to the World Health Organization (WHO), biomarkers are defined as “almost any 
measurement reflecting an interaction between a biological system and a potential haz-
ard, which may be chemical, physical, or biological. The measured response may be 
functional and physiological, biochemical at the cellular level, or molecular interac-
tion” [10]. Therefore, biomarkers may allow the diagnosis, classification, staging, out-
come, and prognosis of a disease and also evaluate response to therapy. Ideal biomarkers 
should be accurate, reproducible, noninvasive, and cost-saving.

Nowadays, serum, fecal, and genetic biomarkers and gut microbiota signatures 
seem to have a promising role in helping clinicians in the diagnosis, staging, and 
follow-up of DD.

Here, we analyze data about the use of biomarkers in the setting of DD and pro-
vide insight into how these data might improve clinical practice.

12.2  Serum Biomarkers

The inflammatory process is the main player in the pathophysiology of DD. Thus, 
proinflammatory markers, such as C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR), and white blood cell (WBC) count, might have a role as biomark-
ers of DD.

Serum levels of CRP have been largely investigated in patients with DD. In a 
large study, including 124 patients with AD and 163 patients without AD, CRP 
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>50 mg/L had an OR of 3.78 in predicting AD occurrence, and, in a multivariate 
analysis, it was the only independent predictor of AD [3]. In addition, in 21 patients 
with uncomplicated AD, CRP was the most sensitive marker of mild-to-moderate 
histological damage, as it was increased in 4/10 (40%) patients scoring 0 or 1 in the 
neutrophilic infiltrate, that is, the absence of mild active inflammation (p = 0.005) 
[11]. Recently, in a large prospective cohort of 46,418 men, among whom 1110 
cases of incident AD were observed during a 28-year follow-up, the authors have 
found that plasma levels of inflammatory markers were associated with incident AD 
with the multivariable-adjusted relative risk being 1.85 for CRP (95% CI 1.04–3.30) 
and 2.04 for IL-6 (95% CI 1.09–3.84) [12].

Beyond the difficulties in making a clinical diagnosis of AD, it is necessary to 
keep in mind that the discriminating power of the different variables alone is gener-
ally low. A nomogram based on age, a previous episode of AD, tenderness in the 
lower left abdomen both as a complaint and at physical examination, aggravation of 
pain on bowel movements, CRP >50 mg/L, and the absence of vomiting increased 
the diagnostic accuracy up to 86% [3].

Acute diverticulitis can appear uncomplicated or complicated. Uncomplicated 
AD is characterized by thickening of the colon wall and pericolic inflammatory 
changes, whereas complicated disease also includes abscess, peritonitis, obstruc-
tion, and/or fistula. The clinical management of AD depends on disease severity and 
the presence of complications. While selected patients with uncomplicated AD can 
be safely managed without antibiotics, patients with complicated AD must be nec-
essarily treated with antibiotics and often require surgical intervention. Thus, the 
early identification of a complicated disease is critical to provide clinical direction.

In a total of 50 consecutive patients affected by AD of the colon, 11 of whom 
with a complicated disease, all the inflammatory markers, including CRP, fibrino-
gen, β2-globulin, α1-acid glycoprotein, and WBC count, were significantly higher 
than those in uncomplicated AD [11, 13]. Interestingly, in 350 patients who pre-
sented with symptoms of AD and underwent CT imaging on admission, CRP 
>150 mg/L and old age were independent risk factors for complicated AD, and CRP 
>200 mg/L had a positive predictive value of 90% and a negative predictive value of 
59% for complicated AD [14]. Similarly, serum levels of CRP  >  200  mg/L on 
admission had a specificity of 93% for perforation in AD patients, [15] whereas 
serum levels of CRP = 175 mg/L were the optimal threshold for diagnosing compli-
cated AD with a positive predictive value of 36%, a negative predictive value of 
92%, a sensitivity of 61%, and a specificity of 82% [16]. In a retrospective study on 
374 patients with uncomplicated AD and 167 patients with complicated AD, CRP 
was significantly different between the complicated and uncomplicated disease 
(p < 0.0001) [17]. Indeed, patients with a CRP higher than 100 mg/L had a positive 
predictive value of 59% for having complicated AD, which increased to 71% for a 
CRP higher than 200 mg/L, whereas a CRP less than 5 mg/L had a negative predic-
tive value of 91% [17]. However, in the same study, CRP failed to identify patients 
needing surgery [17]. On the contrary, in another study, CRP was significantly 
higher in patients who required urgent surgery than in those who did not (mean CRP 
171.8 mg/L vs. 101.5 mg/L, respectively, p < 0.001) [15]. These findings strongly 
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suggest that a CT examination should be promptly conducted in patients with such 
increased CRP levels and antibiotics must be started as soon as possible.

A few studies also evaluated the role of ESR in DD, which showed a lower speci-
ficity and sensitivity compared with those of CRP in the assessment of diverticulitis, 
mainly related to its long half-life and consequent prolonged latency period, and 
influenced by anemia and smoking [18].

CRP levels together with WBC count might be useful in predicting AD severity.
Back in 1996, Ambrosetti et al., in 423 patients with a first attack of AD, found 

that a leukocyte left shift >550 (absolute number) was one of the five parameters 
statistically predictive of medical failure [19]. Similarly, another study found that in 
39 patients with uncomplicated AD and in 11 patients with complicated AD, the 
WBC count was able to discriminate between the two conditions better than other 
inflammatory markers [11, 13]. Moreover, an additional study found that a reduc-
tion in the WBC count on day 2 from admission was predictive of an early discharge 
[20]. However, the best cutoff value of the WBC count useful for identifying a 
complicated disease is far from being stated. A cutoff of a WBC count >12,000/mL 
was not able to predict a requirement for surgical versus medical treatment for AD, 
[19] and a cutoff of a WBC count >10,000/mL failed to predict complicated AD 
[14]. More recently, Kechagias et al. have shown that a WBC count >15,000/mL 
was associated with complicated AD, but they did not assess the diagnostic value or 
perform a multivariate analysis [21]. Finally, Kumarasinghe et al. found that patients 
with a WBC count >15,000/mL had a positive predictive value of 57% for having 
complicated AD, which increased to 86% for a WBC count >19,000/mL [17]. On 
the contrary, Käser et al. failed to demonstrate a correlation between an elevated 
WBC count and perforations, [15] and van de Wall et al. found that the diagnostic 
value of the WBC count had a poor AUC of only 0.58 in predicting perforation [16].

The neutrophil-to-lymphocyte ratio (NLR) is a novel biomarker that has been 
studied in AD. Reynolds et al. compared the accuracy of NLR, CRP, WBC count, 
neutrophil count, and white cell-to-lymphocyte ratio (WLR) for predicting radio-
logical or surgical intervention in 101 patients with AD. The NLR had the greatest 
accuracy of the five biomarkers in predicting the need for intervention with an AUC 
of 0.79 (p < 0.0001). The optimal cutoff point for NLR was 5.34 (J = 0.45) [22].

Among patients with uncomplicated AD, the risk of progression to complicated 
AD is about 5%. According to the recent Clinical Practice Update on Medical 
Management of Colonic Diverticulitis from the American Gastroenterological 
Association, the risk factors for progression include baseline classification III or IV 
of the American Society of Anesthesiologists Physical Status, duration of symptoms 
longer than 5 days before presentation, the presence of vomiting, CRP > 140 mg/L, 
and a baseline WBC count >15,000/mL [23].

Several other serum biomarkers have been evaluated in patients with 
DD. Fibrinogen, β2-globulin, and α1-acid glycoprotein were found to be signifi-
cantly higher in patients with complicated AD than in those with uncomplicated AD 
[11, 13]. Interleukin-6 and lipopolysaccharide-binding protein (LBP) were unable 
to distinguish between patients with AD with perforation and those without; how-
ever, sigmoid stenosis was predicted by LBP at admission (AUC of 0.88) [24]. Urea 
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>9  mmol/L and increased creatinine levels were associated with a lower rate of 
complicated diverticulitis, but the diagnostic significance of those markers was not 
assessed [19]. High levels of serum procalcitonin, a marker of bacterial infection, 
differentiated (sensitivity 80%, specificity 91%) complicated from uncomplicated 
AD when combined with CT scans [25]. Moreover, serum vitamin D levels have 
been shown to be associated with the severity of endoscopic mucosal alterations in 
diverticular disease [1].

12.3  Fecal Calprotectin

Fecal calprotectin (FC) is a cytoplasmic protein released by neutrophils, monocytes, 
and macrophages to the extracellular environment during an inflammatory response 
or necrosis. The presence of calprotectin in feces correlates with neutrophil migra-
tion toward the gastrointestinal tract, and its levels seem to be unaffected by causes 
of inflammation beyond the intestinal ones as for other systemic inflammatory 
markers [26].

FC can be measured using a commercially available enzyme-linked immunosor-
bent assay (ELISA), and it is stable in feces for several days after excretion [27].

The presence of an inflammatory infiltrate has been described in the colonic 
mucosa of patients affected by DD with respect to healthy controls [28]. Although 
the role of FC in distinguishing between IBD and IBS and as a sensitive marker of 
disease activity in IBD has been extensively explored, data on the clinical utility of 
FC in colonic DD are still limited [29, 30].

In a case–control study, Tursi et al. compared FC levels of 48 patients with DD 
(16 with asymptomatic DD, 16 with SUDD, and 16 with uncomplicated AD), 16 
with IBS, and 16 healthy controls. The authors found significantly higher FC levels 
in patients with SUDD (p < 0.005) and uncomplicated AD (p < 0.0005) than in 
those with asymptomatic DD, healthy controls, or IBS. Moreover, FC levels signifi-
cantly correlated with inflammatory infiltrates (p < 0.0005) and decreased after an 
8-week treatment with mesalamine and rifaximin in DD (p < 0.0005) [28]. Recently, 
Tursi et al. have performed a post hoc analysis of the Diverticular Inflammation and 
Complication Assessment (DICA) prospective study, in 24 patients equally subdi-
vided between the DICA 2 and DICA 3 score, in whom previous standard treat-
ments (mesalamine and/or rifaximin) failed to control the symptoms. The median 
(IQR) FC level was 244.5 (171.5–322.0) μg/g at baseline. After budesonide MMX™ 
for 4 weeks, followed by mesalamine for 5 months, FC levels decreased to 51.0 
(IQR, 35.5–61.5) μg/g (p < 0.001) at a 6-month follow-up [31].

These findings suggest that a positive FC seems to be useful not only for detect-
ing colonic inflammation and assessing DD severity but also for monitoring thera-
peutic response.

Even more intriguing would be the role of FC in distinguishing SUDD from 
IBS. The latter point is crucial since SUDD and IBS share many symptoms, with a 
consequent risk of either overtreating or undertreating patients suffering from incor-
rectly classified abdominal pain. Some clinical criteria have been developed to 
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differentiate these two entities, in particular, left lower abdominal pain has been 
considered the main symptom characterizing SUDD, but it has not yet been vali-
dated [32].

In a prospective study on 72 patients with recurrent abdominal pain and colon 
diverticulosis, the authors found that both left lower abdominal pain and FC score 
can differentiate true SUDD patients from those harboring diverticula fulfilling the 
IBS criteria [33].

Finally, FC could be a useful biomarker for predicting DD severity and compli-
cations. In a prospective cohort study analyzing 54 patients with previous uncom-
plicated AD, the same authors also found that diverticulitis recurrence was strictly 
related to the presence of an abnormal FC test during follow-up [34]. A further 
review study found that FC >60 μg/g was correlated with acute complications of 
DD [35].

Recently, in a pilot study, Murray et al. have demonstrated a moderate correla-
tion between FC levels and the visceral adipose tissue (ρ  =  0.3, p  =  0.05) in 
patients with diverticulosis. This result reinforced the concept of the adipose tis-
sue’s proinflammatory effect that could predispose to diverticulosis complica-
tions [36].

Thus, even if FC assessment suffers from some limitations (intraindividual bio-
logical variations, reduced sensitivity in aqueous feces, nonsteroidal anti- 
inflammatory drug-induced enteropathy, proton pump inhibitor use, and neoplasms 
of the gastrointestinal tract), and the best cutoff values for AD and complicated AD 
have yet to be defined, it represents a highly promising tool for managing DD 
[37–40].

12.4  Genetic Biomarkers

The prevalent incidence of DD in Western countries and industrialized areas sup-
ported the hypothesis that diet and lifestyle are determinants of its pathogenesis. 
However, colonic distribution of diverticula, generally left-sided in the Western 
world and right-sided in the Asian regions, and familial predisposition suggest the 
importance of factors other than the environment in the development of DD [41]. 
Epidemiological twin data suggest genetic factors as additional players in the patho-
genesis of DD. A Danish study, involving 923 twins with DD, found a heritability 
of 53% [42]. In a large Swedish study, 2296 out of 104,452 twins had a diagnosis of 
DD. The OR of developing the disease, given that one’s co-twin was affected, was 
7.15 (95% CI 4.82–10.61) for monozygotic and 3.20 (95% CI 2.21–4.63) for same- 
gender dizygotic twins [43].

Moreover, in line with a genetic hypothesis of DD, several genetic diseases 
involving neuromuscular and collagen disorders such as Ehlers–Danlos, Williams–
Beuren, and Coffin–Lowry syndromes and autosomal dominant polycystic kidney 
disease show a strong predisposition toward diverticula formation [44, 45].

Finally, epidemiological studies on moving populations showed no change in 
DD incidence and distribution despite the new environmental factors [46].
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Based on these premises, the previous year’s research focused on the correlation 
between genetic variants and DD.

A genome-wide association study (GWAS) of DD (27,444 cases; 382,284 con-
trols) performed using data from the UK Biobank and tested for replication in the 
Michigan Genomics Initiative (2572 cases; 28,649 controls) found 42 loci associ-
ated with DD, 39 of which were novel. A genome-wide association analysis of the 
42 variants showed a common etiology of DD with obesity and hernia [47]. A simi-
lar study from the Iceland Biobank, analyzing 32.4 million sequence variants, iden-
tified associations of ARHGAP15 and COLQ variants with uncomplicated DD and 
FAM155A variant with AD [48].

Recently, using the same UK Biobank, a GWAS analysis has been performed on 
31,964 cases and 419,135 controls of European descent. Associations were repli-
cated in a European sample of 3893 cases and 2829 diverticula-free controls and 
evaluated for risk contribution to diverticulitis and uncomplicated diverticulosis 
[49]. In all, 48 loci, 12 of which were novel, with genome-wide significance, were 
identified. The most significant novel risk variant in the replication analysis was 
rs9960286, located near CTAGE1 (p 0.002). Four loci showed stronger effects for 
diverticulitis, namely, PHGR1 (OR 1.32, 95% CI 1.12–1.56), FAM155A-2 (OR 
1.21, 95% CI 1.04–1.42), CALCB (OR 1.17, 95% CI 1.03–1.33), and S100A10 
(OR 1.17, 95% CI 1.03–1.33) [49].

The associations between ARHGAP15 (rs4662344), COLQ (rs7609897), and 
FAM155A (rs67153654), reported in the Icelandic GWAS by applying weighted 
thresholds and confirmed in the North-American [47] and European [49] GWASs, 
were evaluated in 1332 patients (634 men) who underwent colonoscopy. The vari-
ant in FAM155A was associated with diverticulitis, but not with diverticulosis, in 
Caucasians, whereas the variant in ARHGAP15 might be associated with both diver-
ticulosis and diverticulitis [50].

Diverticular disease is associated with enteric neuropathology and alterations of 
the Ret/GDNF pathway that are modulated by Phox2b [51]. The expression of 
Phox2b, analyzed in colonic surgical samples, was altered in 20 patients with AD 
with respect to 20 adult controls [51].

Genetic variants may also be associated with the outcome of DD, i.e., recurrence 
of acute attacks, and with the severity of the disease. In a retrospective study includ-
ing 404 patients with CT-confirmed AD episodes, RNA-seq was conducted on full- 
thickness colonic tissues of 10 multifocal diverticulitis (MFD) and 11 unifocal 
diverticulitis (UFD), and 69 genes that were differentially expressed between MFD 
and UFD patients were identified [52]. In MFD, there was a significant downregula-
tion of genes that were associated with immune response pathways. Thus, MFD 
appears to be a more severe subset of diverticulitis with a unique immune- associated 
transcriptomic profile [52]. Finally, in 21 sporadic surgical AD patients and 5 indi-
viduals from a single family with surgically managed AD, compared with 3 separate 
groups of healthy, Crohn’s disease, and ulcerative colitis control patients, the SNP 
rs7848647 in the TNFSF15 gene, previously identified as playing a role in diseases 
affecting the gastrointestinal tract, was significantly associated with surgical AD 
(p = 0.0003) versus all control groups studied [53].
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A genetic substrate of DD has been postulated through GWASs, revealing a cor-
relation between genetic variants and the DD phenotype; however, confirmation by 
a more detailed genetic mapping is required before drawing definite associations, 
useful in clinical practice.

12.5  Gut Microbiota Signatures

The entire gastrointestinal tract, particularly the large bowel, is inhabited by a mul-
titude of microorganisms, namely, the gut microbiota. Therefore, being a part of the 
colonic ecosystem, it is reasonable to hypothesize that alterations in the gut micro-
biota and the related inflammatory response may be implicated in colonic diseases 
in general, particularly in DD development and complications. However, despite 
this premise, thus far, there are only limited data linking bacterial dysbiosis to DD 
pathogenesis.

Analyzing the mucosal microbiota of sigmoid biopsies of subjects undergoing 
screening colonoscopy, Jones et al. found little association between mucosal micro-
biota profile and number and location of diverticula among 309 cases and 226 con-
trols [54]. The comparisons of bacterial abundances across all taxonomic levels 
showed differences for the Proteobacteria phylum (p  =  0.038) and the 
Comamonadaceae family (p  =  0.035). The authors suggested that the mucosal- 
adherent microbiota community composition is unlikely to play a substantial role in 
the development of diverticulosis [54].

A metagenomic gene-targeted approach, evaluating gut microbiota composition 
among SUDD, IBS, and IBD patients and healthy controls, found that among phyla, 
Biplot PC2/PC3 and the dendrogram plot showed major differences in samples 
from IBS and IBD, whereas SUDD patients resembled the microbiota composition 
of healthy controls, but not for Bacteroides fragilis [55].

An analysis of the gut microbiota found that in a diseased tissue and an adjacent 
unaffected tissue of the sigmoid colon chronically affected by diverticulitis, 
Pseudomonas and Basidiomycota OTUs were enriched in the adjacent unaffected 
tissue, whereas Microbacteriaceae and Ascomycota were enriched in the diseased 
tissue [56].

A comparison of fecal samples from 31 patients with left-sided uncomplicated 
AD and 25 controls by a high-throughput polymerase chain reaction on DNA iso-
lates revealed a higher diversity for Proteobacteria (p  <  0.00002) and all phyla 
combined (p = 0.002) in AD with respect to controls. The most discriminative spe-
cies derived largely from the Enterobacteriaceae family [57].

The family of Enterobacteriaceae, including Escherichia coli, is a common 
component of the gut microbiota. Increased levels of Enterobacteriaceae were 
linked to IBD in humans. The analysis of mucosa samples from 16 patients with 
DD and 35 controls without any diverticula showed a higher amount of 
Enterobacteriaceae in patients with DD than in those without DD (p = 0.043) [58].

In contrast, Tursi et al., by analyzing the microbiota composition in stool sam-
ples from 15 patients with SUDD, 13 with asymptomatic diverticulosis, and 16 
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healthy controls, did not find a significant difference among the 3 groups in 
Bacteroides  – Prevotella, Clostridium coccoides  – Bifidobacterium, and 
Lactobacillus – Escherichia coli. Only levels of Akkermansia muciniphila were sig-
nificantly increased in asymptomatic diverticulosis and SUDD (p = 0.019) [59].

Finally, the gut microbiome and metabolome were analyzed in stool samples of 
patients with diverticulosis, SUDD, and healthy controls [60]. Compared with con-
trols, patients with diverticula, regardless of symptoms, had a depletion of 
Clostridium cluster IV; Clostridium cluster IX, Fusobacterium, and Lactobacillaceae 
were reduced in SUDD than in asymptomatic patients.

A negative correlation was found between Clostridium cluster IV and 
Akkermansia. In addition, the analysis of urinary and fecal metabolome profiles 
showed an increase of hippurate and kynurenine pathways, which were able to dis-
criminate between diverticular subgroups and controls [60].

In support of this hypothesis, patients with different gastrointestinal diseases 
including IBD, IBS, and DD reported a clinical benefit from treatment with rifaxi-
min, a nonsystemic drug that employs a eubiotic effect on the gut microbiota [61]. 
Patients who improved post rifaximin treatment showed a significant microbial 
alpha diversity increase (p  =  0.271) and a Fecalibacterium abundance increase 
(log2FC 1.959, p = 0.042) with respect to patients who did not improve. Roseburia 
abundance decreased in both groups, whereas Ruminococcus decreased only in 
patients who clinically improved [61].

Thus, taken together, these findings, although preliminary, suggest that gut 
microbiota signatures could allow assessing DD presence and severity and monitor 
response to treatment.

12.6  Conclusions

Diverticular disease and its complications continue to be a worldwide burden on 
health-care systems and a challenge for clinicians due to the broad spectrum of 
disease presentation and its overlap with other abdominal conditions that, some-
times, may result in a wrong diagnosis.

The use of imaging techniques may help clinicians, but their availability, opera-
tor dependence, potential harms for some and low accuracy for others, and high 
costs may differentially impact their use in clinical practice. Therefore, the avail-
ability of biomarkers would be strongly advisable for a better clinical manage-
ment of DD.

Although biomarkers have not been extensively investigated in DD, the current 
data show that they may be helpful in substantiating clinical suspicion and assessing 
disease severity and monitoring. Serum CRP is the most extensively studied, and 
high levels are most consistently associated with being predictive of AD severity. 
Fecal calprotectin seems to be a promising tool, particularly for differentiating 
between IBS and SUDD and for monitoring response to therapy.

In addition, even if we need large studies before drawing definite conclu-
sions, GWAS analyses revealed a correlation between genetic variants and the 
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DD phenotype, and mounting evidence suggests that gut microbiota signatures 
could allow assessing DD presence and severity and monitor response to 
treatment.
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13.1  Introduction

Diverticular disease of the colon is a common clinical condition in industrialized 
countries. It is believed to be a disease of the elderly or middle-aged classes, but 
recent studies and our routine clinical practice have shown that its incidence is 
increasing among younger populations [1, 2]. The evolving epidemiology of colonic 
diverticulosis and that of diverticular disease, a term encompassing the presence of 
diverticula with symptoms and conditions such as colitis, hematochezia, and/or 
acute diverticulitis and its chronic complications, account for the increasing burden 
of ambulatory visits, diagnostic procedures, and hospital admissions for this condi-
tion [3]. On account of the growing demand for clinical investigations and the need 
to rationalize diagnostic workup for acute and chronic abdominal symptoms, intes-
tinal ultrasound (IUS) has been introduced and suggested as a valid diagnostic tool 
for patients with diverticular disease (Table 13.1). While cross-sectional imaging 
like US and CT are the methods of choice in acute colonic diverticulitis, endoscopic 
and radiological procedures have gained acceptance for the remaining spectrum of 
diverticular disease. Colonoscopy as well as CT and CT colonography are fre-
quently used to evaluate hematochezia and acute bleeding to diagnose chronic com-
plications of diverticular disease and to confirm or exclude malignancy and other 
concomitant conditions.
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All such examinations assist us in tailoring the best treatment for our patients, 
help us predict potential outcomes, and also help decide on follow-up requirements. 
In this regard, IUS has been shown to have valuable clinical applications comple-
mented by the use of CT scanning and colonoscopy to make it more widely utilized.

Among diagnostic examinations, IUS has several advantages. It is a noninvasive 
test that is ready and quick to use. In fact, IUS is a natural extension of physical 
examination. It can help us guide therapy and improve patient outcomes. A clinical 
encounter in which bedside ultrasonography is used often results in increased 
patient satisfaction [4]. It has no radiation exposure and no sedation is required. Its 
repeatability and accuracy have been widely studied and proven to be satisfactory 
for the diagnosis of a number of bowel conditions, from bowel obstruction, to 
appendicitis, to inflammatory bowel disease [5–8].

In the following paragraphs, we will discuss the role of IUS in diverticular dis-
ease of the colon, particularly in the setting of diverticulitis, in detecting this condi-
tion and its complications, both at onset and in follow-up, as well as in showing its 
potential clinical applications.

13.2  Intestinal Ultrasonography in Colonic Diverticulosis

The term “colonic diverticulosis” simply refers to the presence of diverticula, 
regardless of symptomatology. It is a common condition in the Western world, with 
a prevalence of about 10% in the third decade of life and >70% over 80 years [9]. In 
Western countries, it is most commonly found in the sigmoid and descending colon, 

Table 13.1 Pros and cons of intestinal ultrasound in diverticular disease of the colon

Pros
   –  Intestinal ultrasound is a ready-to-use, prompt, noninvasive, and accurate diagnostic 

investigation for patients with suspected acute diverticulitis
   –  Intestinal ultrasound is a dynamic investigation that could also be performed at bedside, 

especially to assess well-defined and localized abdominal pain, such as that caused by 
acute diverticulitis

   –  Intestinal ultrasound allows excellent correlation between clinical symptoms and 
sonographic features

   –  Intestinal ultrasound is a radiation-free and inexpensive diagnostic tool, useful for 
short- and long-term monitoring of patients with acute diverticulitis

   –  As abdominal ultrasound is frequently requested for patients with abdominal complaints, 
the sonographic assessment of the colon can be of help in detecting sigmoid diverticula in 
patients with uncomplicated symptomatic diverticular disease.

Cons
   –  In acute complicated diverticulitis, intestinal ultrasound may provide a less panoramic 

view compared with CT scan
   –  Intestinal ultrasound may have limited diagnostic accuracy in obese and oversized patients 

and may more frequently produce inconclusive results in acute diverticulitis of the 
rectosigmoid junction and deep pelvic sigmoid loops, overlaid by intestinal gas

   –  The diagnostic accuracy, and especially the sensitivity, of intestinal ultrasound may be 
negatively affected by limited operator experience
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where it may be associated with thickening of the muscularis propria, mainly of the 
circular smooth muscle, otherwise known as myochosis. This thickening produces 
increased stiffness and luminal narrowing that can easily be seen by IUS (Fig. 13.1). 
The above-mentioned features occur less frequently in right-sided diverticula, much 
more common in patients from Asia, and are harder to observe by ultrasound, unless 
there is presence of acute inflammation.

Diagnostic sonographic findings for diverticula include the presence of protuber-
ances arising from the colonic wall, externally to the proper muscular layer, associ-
ated with air artifact and/or acoustic shadowing due to the presence of a fecolith into 
the diverticulum [6, 10] (Fig. 13.2). A number of studies have shown IUS to have a 
sensitivity and specificity >85% for the detection of uncomplicated left-sided 
colonic diverticulosis, using colonoscopy as the reference standard [10]. As men-
tioned, unlike the colonic wall that is often thickened, the noninflamed diverticular 
wall may not be easily demonstrated.

a b

Fig. 13.1 Transversal (a) and longitudinal (b) scans of the sigmoid colon, showing increased 
thickening of the muscularis propria (external hypoechoic layer), frequently observed in patients 
with diverticulosis

Fig. 13.2 Diverticulum 
(d) of the sigmoid colon, 
detected by IUS as 
protuberance of the colonic 
wall, externally to the 
proper muscular layer 
(mp), and frequently 
associated with air artifact 
with posterior acoustic 
shadowing (asterisks) due 
to the presence of a 
fecolith and/or gas within 
the diverticulum
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The sonographic detection of asymptomatic diverticula, which might occur inci-
dentally during IUS, radiographic examinations, or colonoscopy, does not have an 
evidence-based clinical impact on patient outcomes and therefore does not neces-
sarily require any treatment or dietary restriction. Similarly, there is no clear indica-
tion for IUS screening of patients with a strong family history of colonic 
diverticulosis.

13.3  Ultrasonography in Diverticular Disease of the Colon

Diverticular disease of the colon refers to a clinically relevant and symptomatic 
condition that includes acute diverticulitis, its complications, and chronic sequelae. 
As reported elsewhere in this book, diverticular disease of the colon can be subdi-
vided into symptomatic uncomplicated diverticular disease (SUDD) and acute or 
chronic diverticulitis [11, 12]. SUDD is characterized by persistent abdominal 
symptoms related to diverticula but not associated with acute inflammation. 
Diverticulitis, on the other hand, is associated with macroscopic diverticular inflam-
mation with or without the presence of related complications. Diverticular disease 
of the colon also includes segmental colitis associated with diverticula (SCAD or 
DAC) and diverticular bleeding, the diagnosis and management of which is mainly 
determined by endoscopic findings [11, 12].

13.3.1  Symptomatic Uncomplicated Diverticular Disease

The role of IUS, as well as of other imaging tools, in SUDD, is still largely uninves-
tigated. Abdominal ultrasound is frequently used as the first-line diagnostic investi-
gation in patients with chronic or recurrent abdominal complaints and changes in 
bowel habits [13, 14]. However, the usefulness of transcutaneous abdominal ultra-
sonography and especially that of IUS in this clinical context, in particular for the 
detection of diverticular disease or functional bowel disorders, has yet to be well 
investigated [15]. However, IUS has a pivotal role in the differential diagnosis and 
the early diagnostic workup of abdominal complaints, as it has been shown to be 
highly effective in detecting intestinal inflammatory disorders, such as Crohn’s dis-
ease and ulcerative colitis [7]. It could therefore be argued that this modality can be 
applied to differentiate between functional and organic disorders, especially in 
young patients without alarm symptoms, who do not necessarily require invasive 
investigations of the colon, as well as in symptomatic patients with low risk of 
organic disease (e.g., a recent negative colonoscopy and/or negative fecal occult 
blood test).

In fact, in a clinical context where polyps or cancer are unlikely, IUS can be 
performed as the first investigation to explore the source of symptoms. It offers the 
advantage of visualizing extraintestinal organs and the possibility of assessing the 
site of pain in real time, thus allowing a correlation between symptoms and intesti-
nal and extraintestinal findings.
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Currently, there are no standardized ultrasonographic criteria for the diagnosis of 
SUDD. Subtle features, such as mild thickening of the colonic or diverticular wall, 
may be postulated. In particular, thickening of the muscularis propria of the colonic 
wall has been found to be of some pathogenetic and diagnostic value for SUDD and 
irritable bowel syndrome [16, 17]. Pain caused by compression of the affected area, 
which may be produced during ultrasonographic assessment, could also be used as 
a diagnostic criterion.

13.3.2  Acute Diverticulitis

IUS is now considered a front-line imaging test for diagnosing acute diverticulitis. 
It is widely available and easily accessible within the emergency department; it is 
fast, low-cost, and noninvasive. In particular, it has excellent diagnostic accuracy in 
thin patients and may also be a reasonable consideration in young females, where 
radiation exposure is best avoided. The main and peculiar advantage of IUS is its 
ability to correlate imaging findings with the area of greatest tenderness in real time, 
thus providing useful information for differential diagnosis, such as in cases of epi-
ploic appendagitis or omental infarction (Fig. 13.3).

IUS is an accurate diagnostic tool to assess acute diverticulitis, with an overall 
sensitivity and specificity greater than 90%. A meta-analysis and a systematic 
review have reported comparable accuracy of IUS and CT in the evaluation of acute 
diverticulitis [18, 19]. Therefore, it could be argued that as there is no statistically 
significant difference in the accuracy of IUS and CT in diagnosing acute colonic 
diverticulitis, both these techniques could be used as the initial diagnostic tool in 
patients with suspected acute diverticulitis.

A number of consensus statements of clinical guidelines that have incorporated 
IUS into an algorithm for the assessment of acute diverticular disease rely on the 
above-mentioned data [11, 20]. These guidelines state that, when performed by an 
expert examiner, IUS can be a highly effective technique and can be safely 

Fig. 13.3 Epiploic 
appendagitis observed at 
IUS as oval hyperechoic 
mass, with a hypoechoic 
rim (arrows), close to the 
sigmoid colon (arrow 
heads)
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recommended as a preliminary test in a sequential diagnostic strategy in patients 
with suspected acute diverticulitis [11, 20]. Such a strategy recommends the use of 
CT scan in cases of negative or uncertain IUS results or to confirm severe complica-
tions of the disease.

Diagnostic sonographic criteria for acute diverticulitis have been well estab-
lished and agreed upon by expert panels [6, 21–23]. They include at least two of the 
following: short segmental bowel wall thickening (>5 mm), pericolic fat changes, 
and the presence of an inflamed diverticulum (Fig.  13.4). The presence of the 
“dynamic sign” or intense pain evoked by graded compression at the site is another 
diagnostic feature. Hypoechoic pericolic changes may be associated with compli-
cated diverticulitis. The presence of a pericolic abscess, a hypoechoic collection 
with or without gas, adjacent to the colon, within the mesenteric fat and more or less 
distant to the inflamed diverticulum, could accompany the above-mentioned find-
ings in acute complicated diverticulitis (Fig. 13.5). In the latter, hypoechoic mesen-
teric strands or hyperechoic mesenteric fat (sometimes with gaseous artifacts) may 
suggest the presence of fistulas as complications of the inflamed diverticula 
(Fig. 13.6).

Fig. 13.4 Acute 
diverticulitis: short 
segmental bowel wall 
thickening (arrow), 
pericolic fat changes 
(asterisks), and the 
presence of an inflamed 
diverticulum (d)

Fig. 13.5 Acute 
complicated diverticulitis. 
Small pericolic abscess 
(arrows), assessed as 
hypoechoic collection 
(here without gas within), 
adjacent to the colon, 
within the mesenteric fat
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Contrast-enhanced ultrasound (CEUS) may be a useful imaging modality to dis-
criminate the nature in hypoechoic lesions (whether inflammatory masses, phleg-
mons, or abscesses) and to better assess the severity of acute diverticulitis (Fig. 13.7). 
Increased flow within hypoechoic areas of inflammation can be used as a diagnostic 
criterion to discriminate fistulas and mesenteric phlegmons from localized perfora-
tion and abscesses [24, 25].

The relative disadvantages of IUS include the level of operator experience and 
difficulties in evaluating deep abdominal sites, particularly in obese patients. Operator 
experience may play a role in the accurate diagnosis [26], and the statements of the 
above-mentioned guidelines report that IUS may be the first choice for the diagnosis 
of acute diverticular disease provided a “qualified ultrasound examination” is per-
formed, followed by CT in uncertain situations or complicated disease [11, 20].

In this regard, a Dutch study showed that the difference in sensitivity for detect-
ing diverticulitis between unsupervised residents (who have already performed 
>500 exams) and supervised residents (with <500 exams) is substantial (former, 

Fig. 13.6 Acute 
complicated diverticulitis. 
Hyperechoic mesenteric fat 
with gaseous artifacts, 
suggesting the presence of 
a perforation as 
complications of the 
inflamed diverticula

Fig. 13.7 Acute 
diverticulitis complicated 
with an abscess. The 
abscess (arrows) appears as 
large mixed hypoechoic 
and hyperechoic mass (due 
to gaseous artifacts) behind 
the urinary bladder
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more than 80%; latter, <60%), but their performance in terms of PPV was not sig-
nificantly different [26]. This study confirms that the sonographer’s experience is 
important and that a positive result in the hands of a nonexpert sonographer is 
unlikely to produce false-positive results.

However, an expert examiner is also the physician conscious of the limits of the 
technique, such as the suboptimal performance of transabdominal IUS in assessing 
deeper parts of the pelvis, particularly the rectosigmoid junction and the distal sig-
moid colon, especially in obese patients and in the presence of overlaying gas [26].

Therefore, the appropriate and correct use of IUS as preliminary investigation in 
patients with suspected acute diverticulitis may be extremely useful to confirm the 
clinical hypothesis without the need of CT scan. This exam, however, must be per-
formed anyway in case of inconclusive or negative results. Considering that most 
cases of acute diverticulitis observed in the emergency department are uncompli-
cated [27], the possibility to detect these conditions early by IUS and manage or 
follow these in the outpatient setting, as already shown in the literature, would be of 
benefit for patients and the health-care system.

13.3.3  Segmental Colitis Associated with Diverticulosis (SCAD) or 
Diverticular Disease-Associated Colitis (DAC)

This condition includes a spectrum of variable pathological entities characterized 
by chronic inflammation of the colonic mucosa adjacent to the diverticula. It usually 
does not involve the rectum or the right colon. Colonoscopy with biopsy for histo-
pathology is necessary to obtain the diagnosis [11, 12]. Despite IUS is able to assess 
SCAD/DAC, its sonographic features are not yet well defined, and IUS accuracy as 
well as the diagnostic and clinical role in this condition to the best of our knowledge 
has never been explored so far. However, diverticula associated with inflammatory 
colitis, such as ulcerative colitis or infectious colitis, may show a mild thickening of 
the diverticular wall, associated with thickened colonic walls and usually a hyper-
trophy of the mesocolon (Fig. 13.8).

a b

Fig. 13.8 Longitudinal (a) and transversal (b) scans of diverticula associated with inflammatory 
colitis (infectious colitis), showing a mild thickening and hypoechoic diverticular wall (arrows), 
associated with thickened colonic walls and hypertrophy of the mesocolon
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13.4  Conclusions

There is a growing body of evidence that demonstrates the usefulness of IUS in the 
diagnosis and follow-up of patients with diverticular disease of the colon. The role 
of this modality in uncomplicated colonic diverticulosis remains largely uninvesti-
gated. In the setting of acute diverticulitis, CT scanning and IUS have similar diag-
nostic accuracy for uncomplicated conditions. The accuracy of IUS, however, 
depends on patient features and operator experience. A good clinical approach may 
include IUS as a first line test, followed by CT if the results are nondiagnostic or 
inconclusive. In critically ill patients with obvious clinical evidence of sepsis, CT 
should be performed to rule out complications of acute diverticulitis.
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14.1  Acute Diverticulitis

The evaluation of patients with acute diverticulitis includes medical history, physi-
cal examination, and laboratory testing, but cross-sectional imaging often plays a 
pivotal role in verifying the diagnosis. In fact, clinical suspicion of acute diverticu-
litis alone is correct in only 40–65% [1, 2], especially in patients with no previous 
diagnosis of diverticulosis. Different radiological tests can be applied for the diag-
nosis of acute diverticulitis, including ultrasound, computed tomography (CT), and 
magnetic resonance (MR) imaging. CT colonography (CTC) and double-contrast 
barium enema (DCBE) are contraindicated in the setting of suspected acute 
diverticulitis.

Conventional CT has a high sensitivity and specificity in the diagnosis of acute 
diverticulitis [2] and is generally considered by most to be the preferred front-line 
radiological test for evaluating patients with suspected acute diverticulitis.
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The strengths of CT examination include its reproducibility, operator indepen-
dence, wide availability, and high accuracy for diagnosing acute disease [2, 3]. CT 
allows for a comprehensive evaluation, including the grading of severity and detec-
tion of complications that affect therapeutic management.

Two meta-analyses [2, 3] have reported that ultrasound may have comparable 
accuracy in the evaluation of acute diverticulitis, although these data may be some-
what biased, and certain European scientific societies guidelines [1, 4–6] propose 
ultrasound as the first-line examination. This test is safe, low-cost, widely available, 
and easily accessible within the emergency department. Another advantage of ultra-
sound is the ability to correlate imaging findings with the region of greatest tender-
ness in real time. The relative disadvantages of ultrasound include operator 
dependence, difficulties in evaluation of the distal sigmoid colon, especially in 
obese patients, and a lower accuracy for abscess identification. Moreover, a severity 
classification cannot be assessed by ultrasound [7].

Currently, MR imaging does not play an important role in the workup of patients 
with suspected acute diverticulitis, but it can be considered in selected cases, such 
as pregnant women. Although there are some advantages compared with other 
radiological tests (e.g., lack of ionizing radiation exposure and high intrinsic con-
trast resolution), MR availability in the emergency department is currently limited 
in most hospital settings. Moreover, to date, there is relatively little evidence regard-
ing the accuracy of MR for acute diverticulitis, limited to small select patient 
cohorts [8, 9].

Both CTC and DCBE are contraindicated in patients with acute diverticulitis, 
adding no additional useful information to conventional CT evaluation for acute 
management. Since both examinations include active colonic distention with either 
room air or carbon dioxide, there is at least a theoretical concern for extension of the 
typical microperforation associated with acute diverticulitis to more frank perfora-
tion and peritonitis. DCBE in particular is an obsolete test and should be abandoned, 
regardless of the clinical scenario. This test has a lower accuracy than CTC and 
optical colonoscopy for colorectal evaluation [10], is associated with higher ioniz-
ing radiation exposure [11], and is less acceptable for patients [12]. On occasion, 
findings of unsuspected mild acute or subacute diverticulitis may be encountered at 
CTC in patients with only minimal or no apparent symptoms.

14.1.1  CT Protocol

There has been some controversy over the appropriate CT protocol regarding the 
use of oral, rectal, and intravenous contrast agents. In general, the use of intravenous 
contrast should be encouraged in cases of suspected complicated disease to confirm 
the severity of the event and better diagnose complications such as abscesses and 
fistulas.

In cases of massive diverticular bleeding, it may not be possible to identify the 
source by colonoscopy, and angiographic or surgical therapy may be necessary 
[13–15].
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Given the delay associated with bowel preparation and the difficulty of endo-
scopic visualization in the setting of large-volume hemorrhage, CT angiography has 
seen an increasing role in the initial workup of acute lower GI bleeding [16–18]. CT 
provides more information regarding localization and potential structural causes for 
the bleeding.

Vice versa, some authors [19, 20] suggested that the unenhanced CT examina-
tion alone is an accurate and valuable tool for triaging patients older than 75 years, 
presenting to the emergency department with nontraumatic acute abdominal pain.

In our experience, neither an oral nor a rectal contrast is truly necessary, whereas 
visceral obesity and, in particular, a high amount of pericolic fat is beneficial in 
visualizing the typical findings (i.e., perifocal stranding; inflamed diverticula; 
abscesses) of this acute event.

14.1.2  Typical CT Findings and Severity Classifications

The diagnosis of acute diverticulitis can be directly made on the basis of localized 
bowel wall thickening that is centered on an inflamed diverticulum, with surround-
ing peridiverticular inflammation of pericolonic fat (Fig. 14.1). As diverticulitis is 
primarily an extraluminal disease, cross-sectional imaging holds a distinct advan-
tage over luminal studies. Covered or free perforations can be rapidly and reliably 
diagnosed by the direct detection of air inclusions outside the intestinal lumen 
(Fig. 14.2), often associated with mesenteric fasciae thickening and free fluid. In 
case of severe disease, contrast-enhanced CT is an accurate test for diagnosing both 
parietal and peridiverticular abscesses (Fig. 14.3). When abscesses are present, CT 
is also useful for guiding abscess drainage, particularly in cases in which collections 
are small and located in regions difficult to assess [21].

a b

Fig. 14.1 Uncomplicated acute sigmoid diverticulitis in a 51-year-old woman with LLQ pain. (a) 
Unenhanced CT image showing inflamed sigmoid diverticula (arrow head) with extraluminal 
inflammatory changes surrounding the diverticula with thickening of the mesenteric fascia 
(arrows). (b) Contrast-enhanced CT image confirms uncomplicated acute sigmoid diverticulitis 
with an inflamed sigmoid diverticulum (arrow head), pericolonic fat stranding, and thickening of 
the mesenteric fascia (arrow); no abscess was present
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CT evaluation is valuable for its appraisal of disease severity, which impacts 
therapeutic management.

There are many classifications of disease severity based on CT [6, 22–25] and 
none has been demonstrated to be clearly superior to the other. Among these, the 
modified version of the Hinchey classification has been used in several clinical trials 
and it is the most used in clinical practice.

a b

Fig. 14.2 Complicated acute sigmoid diverticulitis in a 50-year-old man with LLQ pain. (a) 
Contrast-enhanced axial CT image showing air inclusions outside the sigmoid colon lumen (arrow 
head) in a patient with sigmoid colon acute diverticulitis with evidence of extraluminal inflamma-
tory changes surrounding the sigmoid diverticula. (b) Contrast-enhanced coronal CT image con-
firms complicated acute sigmoid diverticulitis with an inflamed sigmoid diverticulum (arrow), 
pericolonic fat stranding, and thickening of the mesenteric fascia (arrows); free perforations can be 
diagnosed by the direct detection of air inclusions outside the sigmoid colon and in the upper left 
quadrant (arrow heads)

a b

Fig. 14.3 Complicated acute sigmoid diverticulitis in a 56-year-old man diagnosed by contrast- 
enhanced CT examination. (a) Unenhanced axial CT image showing sigmoid diverticula with fat 
stranding and thickening of the mesenteric fascia. (b) Contrast-enhanced axial CT image showing 
intraparietal abscess (arrow head), not clearly visualizable at an unenhanced scan
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This classification and that recently proposed by the WSES acute diverticulitis 
working group [25] strive to divide patients into two main categories, namely, 
uncomplicated and complicated acute diverticulitis.

In uncomplicated cases, the CT findings are generally limited to the phlegmon-
ous reaction of the pericolonic fat tissue (Fig. 14.4a), whereas complicated features 
include peridiverticular abscess (Fig.  14.4b), significant pneumoperitoneum 
(Fig. 14.5), and diffuse peritonitis. Moreover, the CT grading of acute diverticulitis 
has prognostic significance in terms of disease recurrence after an initial episode of 
acute disease [26].

a b

Fig. 14.4 Examples of uncomplicated and complicated acute diverticulitis. (a) Contrast-enhanced 
axial CT image in a 60-year-old man showing mild acute diverticulitis with an inflamed sigmoid 
diverticulum with fat stranding (arrow heads). (b) Contrast-enhanced axial CT image in a 48-year- 
old man showing complicated acute diverticulitis with a large peridiverticular abscess (arrows) 
adjacent to the sigmoid diverticula

a b

Fig. 14.5 Complicated acute sigmoid diverticulitis in a 73-year-old man with a large abscess and 
pneumoperitoneum due to perforation of an inflamed sigmoid diverticulum. Laparoscopic surgery 
confirmed sigmoid perforation in the presence of acute diverticulitis and purulent peritonitis- 
treated Hartmann sigmoid colon surgical resection. (a) Contrast-enhanced axial CT image show-
ing significant pneumoperitoneum (arrows). (b) Contrast-enhanced axial CT image showing free 
air (arrow) adjacent to the inflamed sigmoid diverticula
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14.1.3  Differential Diagnosis

In addition to being highly accurate for acute diverticulitis itself, CT is also the most 
accurate test for diagnosing alternative conditions [27, 28] (Fig. 14.6). Several stud-
ies have described characteristic CT features differentiating diverticular disease 
from CRC [29, 30], but, in some cases, findings overlap and the differential diagno-
sis remains challenging. In our opinion, this difficulty can explain data obtained 
from two large trials [31, 32], describing a higher 1-year CRC risk for patients 
recovering from an acute episode of diverticulitis.

14.2  Chronic Diverticular Disease

In contrast to acute diverticulitis, the role of imaging in the follow-up of acute diver-
ticulitis is in evolution and still subject to debate.

In this setting, the evidence is in favor of computed tomography colonography 
(CTC) as a preferred radiological test, suggesting a complementary role of CTC and 
colonoscopy [33, 34].

Regardless of the specific scenario, radiologists are first requested to confirm the 
diagnosis of diverticular disease, ruling out other diseases and in particular a super-
imposed CRC.

CTC is able to depict the test number and site of diverticula [35], morphology of 
the diverticula necks (Fig. 14.7), less common disease-related findings such as focal 
or diffuse wall thickening (Fig. 14.8), and sigmoid colon stenosis (Fig. 14.9) [36–
38], better than others. Moreover, CTC is highly accurate for diagnosing 

a b

Fig. 14.6 Descending colon nonspecific acute colitis mimicking acute diverticulitis in a 77-year- 
old man with COVID-19 infection. (a) Unenhanced axial CT image showing circumferential 
descending colon wall thickening (arrows) with fat stranding and thickening of the left anterior 
renal fascia. (b) Unenhanced axial CT image showing circumferential distal descending colon wall 
thickening (arrows) with fat stranding and thickening of the left anterior renal fascia. No divertic-
ula are present
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complications (abscesses and fistulas), which represent a validated indication for 
elective surgery; fistulas in particular could be overlooked by conventional abdomi-
nal CT performed at the time of an acute event (Fig. 14.10).

The advantage of CTC over colonoscopy in evaluating patients with diverticular 
disease relies on its minor invasiveness; even if diverticular disease is the first lead-
ing reason for a non-well-distended colonic tract at CTC [39], this test is always 
complete, different from colonoscopy. A high-quality CTC examination can be per-
formed even in case of severe stenosis [34, 38], allowing adequate accuracy in diag-
nosing proximal colonic polyps and CRCs [40, 41].

a b

Fig. 14.7 Diagnosis of diverticulosis by CT colonography. (a, b) CTC axial images showing 
multiple sigmoid diverticula with small- and medium-sized necks

a b

Fig. 14.8 Examples of wall thickening associated with sigmoid colon diverticula. (a) Axial CTC 
image showing mild sigmoid colon wall thickening (arrow heads) in the presence of sigmoid diver-
ticula. These are typical findings of chronic diverticular disease. (b) Axial CTC image showing 
eccentric focal sigmoid colon wall thickening (arrow) in the presence of sigmoid diverticula. The 
benign nature of this finding has been confirmed at conventional colonoscopy
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This fact has a tremendous clinical impact if we consider the risk of advanced 
adenoma related to patients recovering from acute diverticulitis [42]. In particular, 
patients with severe stenosis caused by diverticular disease and responsive to an 
incomplete colonoscopy could have a significant delay in the diagnosis of proximal 
colon lesions (Fig. 14.11).

Even if the literature concerning the use of CTC in the follow-up of patients 
recovering from an episode of acute diverticulitis is not yet robust enough, no com-
plications have been reported and in particular no cases of perforation have ever 
been described [34, 43].

a b

Fig. 14.9 A 49-year-old man with marked sigmoid colon wall thickening and lumen stenosis after 
recovering from acute diverticulitis. (a) Double-contrast barium enema like-view CTC image 
showing sigmoid colon with severe lumen stenosis and sigmoid diverticula. (b) Axial 2D supine 
CTC image showing marked sigmoid colon wall thickening with severe lumen stenosis, in the 
presence of sigmoid diverticula

a b c

Fig. 14.10 A 49-year-old man with a double enteroenteric fistula in chronic diverticular inflam-
mation. (a) Axial CTC image showing sigmoid colon wall thickening of both the distal ileum and 
the sigmoid colon with adjacent fat stranding. (b, c) Coronal CTC images demonstrating the two 
sigmoid colon–ileum fistulae (arrow) and sigmoid colon wall thickening. The patient underwent 
CTC elective surgery with confirmation of two sigmoid colon–ileum fistulae in chronic diverticu-
lar disease
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For patients recovering from an episode of acute diverticulitis, CTC should be 
carried out at least 3 or 4 months after the acute event to reduce both the risk of 
perforation and because of the likelihood of a residual acute inflammatory 
component.

14.2.1  CTC Protocol

It may be advisable to slightly modify the standard CTC protocol in the setting of a 
known complicated diverticular disease. For example, it can be useful to perform 
the CTC examination with an IV contrast in the presence of severe wall thickening 
and luminal stenosis, when the differential diagnosis between diverticular disease 
and CRC is more relevant. Another scenario generally requiring an IV contrast is 
when there is potential concern for a diverticular complication such as abscesses or 
fistulas. Evaluation with soft tissue windowing improves the assessment for these 

a

d e f

b c

Fig. 14.11 Positive CTC examination in a 57-year-old-man recovering from acute diverticulitis, 
with incomplete colonoscopy. (a, b) 2D axial CTC image (A) and 3D colon map (B) showing 
severe luminal narrowing associated with diverticula at the distal sigmoid colon, explaining the 
incomplete colonoscopy. (c) 3D endoluminal CTC view showing a nonpolypoid lesion in the trans-
verse colon. (d, e) Axial 2D (D) and 3D endoluminal (E) CTC views showing a 20 mm peduncu-
lated polyp in the ascending colon. (f) 3D endoluminal (H) CTC view showing a 7 mm sessile 
polyp in the transverse colon. The patient underwent subtotal colectomy; the pathology confirmed 
the presence of three right colon lesions revealing as tubular adenoma. In particular, the larger one 
contained high-grade dysplasia
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complications over the standard CTC polyp window. In patients with severe diver-
ticular disease, an additional third scan in the right lateral decubitus position (after 
supine and prone) can be valuable for confirming the severity of both luminal steno-
sis and wall thickening, avoiding errors caused by colon spasms [43–45]. To achieve 
the best distention of the sigmoid colon, which is most commonly involved in diver-
ticular disease, the right lateral decubitus position is generally obtained for gravita-
tional reasons. Moreover, a lateral decubitus position is much more comfortable and 
feasible for obese and otherwise debilitated patients [45].

To optimize distention of the entire colon, which is critical for a high-quality 
examination, automated carbon dioxide insufflation is preferred [46]. In addition, a 
spasmolytic agent may help optimize distention as well. Taylor et al. [47] demon-
strated significantly improved distention using hyoscine butylbromide as a hypo-
tonic drug in CTC, given that it is especially useful in patients with diverticulosis. 
Carbon dioxide insufflation with an automatic device is preferable when evaluating 
patients with diverticular disease because of the continuous low pressure and repro-
ducible distention. When using room air, the risk of perforation is increased due to 
the high-pressure values that can be achieved. If the patient has only recently recov-
ered from acute diverticulitis, it may be reasonable to scan the entire abdomen and 
pelvis before initiating insufflation. If the pre-insufflation scan shows signs suggest-
ing persistent acute diverticulitis, active colonic distention should be aborted 
(Fig. 14.12).

a b

Fig. 14.12 Unsuspected persistent complication from diverticulitis detected at CTC. (a) 2D axial 
CT image taken before carbon dioxide insufflation in a patient with a recent episode of diverticu-
litis showing air bubbles (arrows) around the sigmoid colon related to perforation and ongoing 
inflammation. Thus, the scheduled CTC was not performed and the patient was referred for thera-
peutic management. (b) 2D sagittal CTC image confirms the presence of air bubbles (arrows) 
around the sigmoid colon due to recent covered perforation
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14.2.2  Diverticular Disease Severity Score Based 
on CT Colonography

Wall thickening and lumen stenosis are the two CTC features that need to be inves-
tigated to describe the severity of the disease in follow-up, and, recently, a diverticu-
lar disease severity score (DDSS) based on CTC findings has been proposed [43]. 
The score is based on the varying degrees of these two CTC findings, i.e., wall 
thickening and lumen stenosis, and consists of four grades (DDSS 1–4). In the case 
of DDSS grade 4 (Fig. 14.13), where marked wall thickening is associated with 
severe luminal stenosis, surgical options should be considered. In practice, the 
simultaneous presence of severe stenosis and the inability to exclude CRC are both 
potential indications for surgery [48]. Moreover, this validated CTC-based DDSS 
score is a good predictor of chronic inflammation and fibrosis [49] and seems to 
have prognostic value in the follow-up of acute diverticulitis [50].

14.2.3  Differential Diagnosis Between Diverticular Disease 
and Colorectal Cancer

In patients with diverticular disease, it can be challenging to recognize a superim-
posed colorectal cancer (CRC), but these two entities are both relatively common in 
elderly patients and can therefore coexist. This differential diagnosis is particularly 
tricky in cases of marked wall thickening and severe luminal stenosis from diver-
ticular disease. Some authors [36, 37] have described a number of CTC findings as 
being useful in differentiating these two disease entities. Of these various findings, 

a b

Fig. 14.13 CTC examination in a 66-year-old-woman with recurrent diverticulitis (DDSS 4). (a, 
b) Axial 2D image (a) and sagittal 2D CTC image (b) showing marked sigmoid wall thickening 
(arrows) and luminal narrowing associated with diverticula in the setting of sigmoid diverticular 
disease, classified as DDSS 4. The patient underwent elective surgery, and the pathology revealed 
diverticular disease with acute and chronic inflammation
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the absence of diverticula in the affected segment and the presence of a shoulder 
phenomenon are the two most important findings for CRC (Fig. 14.14). Other CTC 
signs in favor of cancer include shorter length with straightening of the involved 
segment, the absence of mesenteric fascia thickening, the presence of distorted 
folds, and the presence of prominent local lymph nodes.

Lips et al. [37] described a prevalence of about 4–5% of their population where 
findings of advanced diverticular disease versus CRC are present. We believe that 
this prevalence could be substantially higher in some settings, including those 
patients recovering from a prior episode of acute diverticulitis with CTC.  The 
above-mentioned criteria are useful for ruling out CRC, but sometimes the CTC 
findings will overlap. In these selected cases, referral to optical colonoscopy or flex-
ible sigmoidoscopy may be necessary to allow for direct mucosal evaluation and 
biopsy. In other cases, the surgical option may be indicated regardless of the under-
lying cause.

14.2.4  Preoperative Surgical Information

There are a variety of treatment options for patients with chronic diverticular dis-
ease, leading to some controversy in the surgical guidelines [48]. In particular, new 
surgical guidelines [51–53] recommend a more conservative and case-by-case 

a b

Fig. 14.14 Sigmoid diverticular disease versus cancer at CTC. (a) 2D axial CTC image in a 
59-year-old-woman showing focal sigmoid wall thickening with severe luminal narrowing, shoul-
der formation (arrow), and diverticula adjacent to, but not within, the affected segment. The patient 
underwent a same-day colonoscopy with biopsies, and CRC diagnosis was confirmed. The pathol-
ogy after surgery revealed adenocarcinoma (pT3N2b). (b) 2D axial CTC image showing circum-
ferential segmental wall thickening and luminal narrowing of the sigmoid colon associated with 
multiple diverticula (arrow). The presence of diverticula is a key factor for excluding cancer. This 
was a diverticular stricture
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approach, taking into account multiple factors, including patient age, patient’ s 
comorbidities (i.e., immune status), number of recurrent episodes of acute diver-
ticulitis, the presence of complications, and patient preferences. Before elective sur-
gery, surgeons could benefit from detailed anatomic information regarding the 
entire colon, and CTC, in our opinion, represents the test of choice for providing 
this. In this regard, CTC is clearly superior to both optical colonoscopy and the 
barium enema. In particular, CTC provides detailed information on colon anatomy, 
total number and distribution of diverticula (Fig.  14.15), and the degree of wall 
thickening and luminal stenosis. Surgical treatment is often considered when CTC 
detects unsuspected complications, such as abscess or fistula. CTC can also guide 
clinicians and surgeons when the appropriate therapeutic management is uncertain. 
For example, CTC diagnosis of unsuspected severe luminal stenosis could be a key 
factor in deciding on a surgical option. The surgical approach is generally laparo-
scopic, and surgeons could benefit from information about the vascular map derived 
from CTC (Fig. 14.16) [54, 55]. Of course, to obtain this level of detail requires a 
contrast-enhanced CTC protocol, adding an arterial contrast phase to the standard 
portal venous phase. In general, the initial position (e.g., prone) is obtained prior to 
the IV contrast, allowing for assessment of enhancement.

a b

Fig. 14.15 Examples of a different distribution of diverticula in two patients who are candidates 
for elective surgery. (a) 3D computed tomography colonographic color map. The image shows 
diverticula limited to the sigmoid colon. (b) 3D computed tomography colonographic color map. 
The image shows diverticula spread in the whole colon
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15.1  Introduction

Diverticular disease is characterized by the presence of sac-like protrusions (diver-
ticula), which form when the colonic mucosa and submucosa herniate through 
defects in the muscular layer of the colon wall. Diverticula can be detected in both 
the left and right colon. Left-sided diverticula are pseudo-diverticula as herniation 
does not occur through all colonic layers, whereas diverticulosis occurring in the 
right colon is true diverticula, with herniation through all colonic layers [1]. For 
many years, it has been believed that diverticulosis exclusively affects the Western 
world and occurs due to a lack of fiber in the diet and increased pressure in the 
colonic wall [2, 3]. However, recent data have revealed an increase in the prevalence 
of colonic diverticulosis throughout the world [4]. In Western countries, the preva-
lence of diverticulosis increases with age. Fewer than 20% of individuals younger 
than 40 years of age are noted to have diverticulosis on colonoscopy compared to 
more than 60% of individuals older than 70 years. Of them, only a few develop 
complications such as acute diverticulitis or diverticular bleeding. In a recent pro-
spective study, Ala I. Sharara et al. have shown that in a total of 826 consecutive 
patients who underwent colonoscopy for colorectal screening, incidental 
diverticulosis was noted in 224 of 823 patients (27.2%) (mean age 62.3 ± 8.2 years; 
M:F = 1.15). Diverticula were restricted to the left colon in 151 patients (67.4%), 
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were right-sided in 13 (5.8%), and diffuse (right and left) in 51 (22.8%). Over a 
mean follow-up of 7.0 ± 1.7 years, DD developed in 6 out of 144 patients (4.2%; 4 
acute cases of diverticulitis, 1 probable case of diverticular bleeding, and 1 acute 
case of diverticulitis and diverticular bleeding). Two patients were hospitalized, and 
none required surgery. The time to event was 5.1 ± 1.6 years, and the incidence rate 
was 5.9 per 1000 patient years. On multivariate analysis, it was determined that age, 
gender, obesity, exercise, fiber intake, alcohol use, constipation, or use of NSAIDs 
were not associated with DD [5]. Regarding the risk of diverticulitis occurrence, 
based on a study of the Veterans Affairs Greater Los Angeles Healthcare System, 
only about 4% of patients with diverticulosis develop acute diverticulitis, contra-
dicting the common belief that diverticulosis has a high rate of progression [6].

In conclusion, diverticulosis of the colon is an incidental finding and does not 
affect the safety or accuracy of colonoscopy. However, the presence of severe sig-
moid diverticulosis does increase the risk of perforation because of fixed angulation 
of the colon and potential confusion as to the location of the true lumen when mul-
tiple large diverticular orifices are encountered [7–9]. Up to now, colonoscopy rep-
resents the most important diagnostic and therapeutic tool in the hands of clinicians 
[10]. Here, we present and select interesting and rather atypical images of colonic 
diverticula (Figs. 15.1, 15.2, 15.3, and 15.4).

In summary, colonoscopy plays a key role in different clinical settings of diver-
ticular disease (DD) (Table 15.1):

 1. colonic diverticular bleeding;
 2. differential diagnosis of colon disease (SCAD vs IBD);
 3. assessment after an episode of acute diverticulitis (AD); and,
 4. as a prognostic tool in patients with diverticular disease.

a b

Fig. 15.1 Purulent diverticulitis. (a) Inflammatory changes of the sigmoid wall with pus coming 
out of the diverticulum; (b) thick pus forming “Mount Fuji” appearance
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a b

Fig. 15.2 Two sigmoid diverticula at different time points; peristalsis causes one of the diverticula 
inverts. (a) One of the diverticula that appear as a polyp; (b) one minute later, both diverticula look 
more typical

a b

Fig. 15.3 Diverticula with impacted stool: (a) back view; (b) frontal view

a b

Fig. 15.4 Blood vessels that are at the bottom of the diverticula: (a) overview; (b) close view
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15.2  Colonoscopy in Colonic Diverticular Bleeding

Colonic diverticular bleeding is a complication of DD and is the most common 
cause of lower gastrointestinal bleeding (LGIB) affecting 3–15% of patients with 
colonic diverticulosis, with a mortality rate of 2–3%. Risk factors of diverticular 
bleeding include alcohol consumption, smoking, and usage of NSAIDs/antiplatelet 
drugs. Moreover, risk factors of diverticular rebleeding are age (>62 years), diver-
ticulitis (recurrence), chronic renal failure, and peripheral vascular disorders.

In patients with suspected colonic diverticular bleeding, colonoscopy is gener-
ally indicated:

 (a) Electively when bleeding has stopped spontaneously (this condition occurs in 
70–80% of cases): to exclude other causes of LGIB (vascular ectasia, Dieulafoy 
lesions, colonic neoplasia, etc.).

 (b) As the primary intervention in managing colonic diverticular bleeding: urgent 
colonoscopy, within 24 h, to find signs of diverticular bleeding (active bleeding, 
visible vessel, or adherent clot).

 (c) As the primary imaging in patients with recurrent episodes of LGIB in which 
CT angiography was nondiagnostic: the rebleeding rate in colonic diverticular 
bleeding ranged from 20% to 38% [11–13].

To improve the diagnostic and therapeutic yield, attention must be paid to the 
timing of colonoscopy and bowel preparation. Urgent colonoscopy for acute LGIB 
is associated with a shorter length of hospital stay and lower hospitalization costs. 
Unprepped colonoscopy is not recommended for low cecal intubation rate (55–70%) 
and high risk of bowel perforation.

Endoscopic hemostasis is indicated only for a diverticulum with stigmata of 
recent hemorrhage (SRH), but the detection rates of SRH are relatively low. The 
goal of colonoscopy in colonic diverticular bleeding is to identify the site of bleed-
ing and perform hemostasis. However, it should also be considered that the endo-
scopic hemostasis techniques are generally guided by access to the bleeding site. 

Table 15.1 Indications of colonoscopy in diverticular disease

Clinical setting Indication
Diverticulosis surveillance No
Colonic diverticular bleeding Yesa

Differential diagnosis of colon disease (SCAD vs IBD) Yes
Following acute diverticulitis (AD) Yesb

Symptomatic diverticular disease Yes
a Electively when bleeding has stopped; as primary intervention in managing colonic diverticular 
bleeding;  as primary imaging in patients with recurrent episodes of LGIB in which CT angiogra-
phy was nondiagnostic
b In persistent symptomatic patients in order to exclude other disease (inflammatory bowel disease, 
colorectal cancer …); after resolution of acute diverticulitis if a high-quality examination of the 
colon has not been recently performed; after resolution of complicated acute diverticulitis
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Endoscopic therapy for the treatment of acute diverticular bleeding includes epi-
nephrine injection, thermal coagulation, endoclip placement, endoscopic band liga-
tion (EBL), endoscopic detachable snare ligation (EDSL), over-the-scope clip 
(OTSC), and hemostatic powder [14–16].

In two studies, epinephrine injection and electrocoagulation have been demon-
strated to provide an immediate hemorrhagic control in 25–86% of patients with 
active bleeding, with an early rebleeding rate ranging from 25% to 40% [17, 18]. In 
some studies, hemoclips have been used for the treatment of acute diverticular 
bleeding, showing a 88–100% hemorrhage control without recurrent bleeding epi-
sodes or adverse events during hospitalization but with a late rebleeding from 17% 
to 24% [14–16]. Setoyama et al. [19] in comparative study regarding endoscopic 
hemostasis using EBL (after marking the site of bleeding with a clip, the diverticu-
lum was pulled via suction into the cap of the endoscopic ligator, and the elastic 
O-ring was released) vs endoclips (when the hemorrhage source was located at the 
neck of the diverticulum, endoclips were placed directly onto the vessel if techni-
cally feasible, and, if not feasible, the diverticulum was closed in a zipper fashion) 
concluded that EBL should be considered superior to endoclips for the treatment of 
colonic diverticular bleeding and that the EBL procedure should be attempted as the 
initial therapy, especially for the right-side disease. Wedi E. et al., in a case series of 
six patients, with a high operative and rebleeding risk, for the treatment of diverticu-
lar bleeding, demonstrated that using the OTSC system is a safe and effective new 
option for patients in whom the bleeding diverticulum can be identified endoscopi-
cally [20].

Multiple modalities of thermal coagulation are available, including monopolar/
bipolar hemostatic forceps, bipolar probes, and heater probes. Four reports pub-
lished around 2000 showed data for bipolar probes used with or without epinephrine 
injection. Primary hemostasis was achieved in 80–100% of cases, with an average 
of 97%, and the early rebleeding rate was 0–50%. In 33 cases covered by 4 reports, 
the average rates of early rebleeding and need for surgery or TAE were 24% and 
12%, respectively. No adverse events were reported in these studies or in other 
articles including case reports. These data suggest that bipolar probes might not 
provide the expected levels of efficacy for hemostasis [21]. In a case report, hemo-
static powder was used after a failure of conventional strategy in massive diverticu-
lar bleeding. Hemostasis was rapidly achieved by a spray catheter application of 2 g 
of topical hemostatic powder inside the lumen of the diverticulum. No rebleeding 
occurred at follow-up of 30 days, even after readministration of dual antiplatelet 
therapy [22].

In conclusion, accumulating recent evidence has suggested that in the short term, 
outcomes of early rebleeding ligation therapy (EBL and EDSL) are superior to 
those of conventional endoscopic hemostasis (epinephrine injection, thermal coagu-
lation with a bipolar probe, and endoscopic clipping). Conventional endoscopic 
hemostasis rarely causes perforation or diverticulitis, and ligation therapy induces 
diverticulitis in less than 1%. There are two case reports on delayed perforation in 
the sigmoid colon 4–5 days after EBL [21].
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15.3  Colonoscopy in Differential Diagnosis of Colon Disease 
(SCAD Vs IBD)

Segmental colitis associated with diverticulosis (SCAD) is a chronic inflammatory 
process localized in the interdiverticular mucosa of the colonic area presenting 
diverticulosis and therefore mainly in the sigmoid colon. By definition, the diver-
ticular ostia are spared from any inflammation. The rectum and the remaining seg-
ments of the colon (without diverticulosis) are also spared from inflammation [23].

The disease is relatively rare, with a prevalence of 0.25–1.4% in the general 
population and 1.15–11.4% amongst DD patients. The mean age at diagnosis is 
early to mid-60s, with a slightly higher male preponderance. The pathogenesis is 
multifactorial and includes genetic susceptibility, alteration in the bowel microbi-
ome, local ischemia, mucosal prolapse, and more. The clinical presentation and the 
endoscopic and histological appearance vary in the four major subtypes. Type A is 
characterized endoscopically by red patches involving the colonic folds and diver-
ticular sparing with neutrophil and lymphocyte infiltrates limited to the crypt epi-
thelium. Types B and D are characterized by ulcerative colitis (UC)-like changes 
endoscopically and histologically, with erosions and hyperemic areas involving the 
colonic folds and severe inflammation involving the overall diverticula containing 
the mucosa. Histological changes in both subtypes involve crypt distortion and 
crypt abscesses. Type C is characterized by Crohn’s disease-like changes, with iso-
lated aphthous ulcers and transmural inflammatory changes [24, 25].

There are histological similarities between SCAD and IBD, but, by endoscopic 
examination, both entities can be easily differentiated from other forms of colitis. 
Differentiation may be helped with the following statements: (a) in SCAD, the 
inflammatory process involves the interdiverticular mucosa in the colonic area pre-
senting diverticulosis and therefore is mainly located in the sigmoid colon; (b) in 
SCAD, the rectum and proximal colon are endoscopically and histologically nor-
mal; (c) in ulcerative colitis, the rectum is nearly always affected; and (d) Crohn’s 
disease may affect the colon and other gastrointestinal parts [26].

15.4  Colonoscopy Following Acute Diverticulitis (AD)

Acute diverticulitis is the most important complication of diverticular disease. The 
diagnosis of acute colonic diverticulitis is based on the clinical presentation of left 
lower quadrant pain, fever, and leukocytosis, and on characteristic findings on com-
puted tomography (CT) scan [27–29].

Regarding the role of endoscopy in acute diverticulitis or following an attack of 
acute diverticulitis, Galatin et al. in a systematic review and comparison of guide-
lines confirmed that there is a disagreement concerning indications for colonoscopy 
in acute diverticulitis [30]. However, there is an agreement that colonoscopy should 
be performed after acute diverticulitis is resolved in the majority of patients. 
Colonoscopy is usually avoided in patients with suspected acute diverticulitis 
because air inflation and instrumental manipulation are considered as a high risk of 
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bowel perforation. Expert opinion is in favor of performing these tests when the 
acute process has resolved, usually after approximately 6 weeks to avoid the poten-
tial risk of converting a sealed perforation into a free perforation and to rule out the 
presence of other diseases, such as cancer and inflammatory bowel disease.

However, when imaging studies are equivocal, colonoscopy may be required to 
correctly differentiate acute diverticulitis from a segmental colonic abnormality 
caused by Crohn’s disease, bacterial infection, ischemia, cancer, or Clostridium dif-
ficile colitis occurring in association with diverticulosis In this situation, gentle 
colonoscopy with minimal air insufflation can be safely carried out. If a diagnosis 
of acute diverticulitis is confirmed, many experts would terminate the procedure at 
that point.

In a randomized prospective study, Lahat A et al. demonstrated the feasibility 
and safety of early colonoscopy during hospitalization in patients with acute diver-
ticulitis and no pericolic air on CT. It was as safe as late colonoscopy, which is the 
current practice, and showed better compliance (93.3% of the hospitalized patients 
underwent colonoscopy, compared with only 75.6% of the ambulatory group; 
p = 0.03) [31]. Obviously, if a patient has something in their evaluation that would 
dictate any need for a colonoscopy (i.e., diagnostic dilemma, concerning radio-
graphic finding, due for elective routine screening), colonoscopy should be 
performed.

Earlier studies searching for associations between diverticular disease and 
colorectal cancer have described a clear overall association, suggesting that long-
term inflammation can lead to cancer. However, the issue is still debated. In 2008, 
Morini et al. [32], by describing associations between diverticulosis and colorectal 
cancer, showed that some studies were positive, some negative, and some inconclu-
sive. Those studies were usually retrospective, case–control, cohort, or cross-sec-
tional, and the number of patients included was mostly around 1000. That analysis 
also showed associations between diverticulosis and colorectal adenomas. The 
mechanisms of the link (if it existed) between two diseases was usually speculated. 
Most frequently, the authors listed the presence of longstanding chronic inflamma-
tion, including segmental colitis associated with diverticula, alterations in the extra-
cellular matrix in the involved colon segments promoting carcinogenesis, and 
deregulated cell proliferation measured by increased numbers of aberrant crypt foci. 
Most recently, it has also been suggested that probable microbiome changes 
observed in diverticular disease may also be responsible for promoting carcinogen-
esis. However, all those hypotheses lacked strong evidence.

The most recent studies have been mainly characterized by much larger cohorts 
of studied patients. Two of those require a detailed description as they lead to the 
final and logical conclusions concerning the association between diverticular dis-
ease and colorectal cancer. The first important study was conducted in Sweden by 
Granlund et  al. [33]. This was a huge nation-wide case–control study involving 
41,037 patients with colorectal cancer identified by the Swedish Cancer Registry. 
Each case was matched with 2 controls without cancer (82,074 patients). Cases and 
controls were then searched for the episode of hospitalizations with the diagnosis of 
diverticular disease. Odds ratios for receiving the diagnosis of colon cancer were 
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calculated after hospital discharge for diverticular disease. Furthermore, cancer 
mortality was calculated for those cases with and without diverticular disease. 
Results are important and meaningful. The odds ratio for receiving the diagnosis of 
colon cancer was extremely high at 31.49 (95% CI 19.00–52.21) within 6 months 
following hospitalization for diverticular disease. The risk of diagnosis of colon 
cancer was, however, not increased at all from the time of 12 months after hospital-
ization. Among patients with colon cancer, the mortality was not different between 
patients with and without diverticular disease. Moreover, the authors strongly rec-
ommended that patients with diverticular disease should have a high-quality diag-
nostic workup within the first 12  months after the initial episode of diverticular 
disease.

The second large study was performed in Taiwan [34]. The authors first retrieved 
a cohort of 41,359 patients with diverticular disease from the National Health 
Research Institute database. Of those patients, 28,909 had diverticulitis and 12,450 
had diverticulosis. These patients were matched with 4 controls comprising 165,436 
individuals without diverticular disease. In the initial analysis, the risk of colorectal 
cancer was significantly increased (adjusted HR  =  4.54, 95% CI 4.19–4.91). 
However, in the proper analysis performed after excluding the first 12 months of 
follow-up, the adjusted hazard ratio was not increased at all (HR = 0.98, 95% CI 
0.85–1.13). The risk was also not increased for both subcohorts with diverticulosis 
and diverticulitis. The authors drew similar conclusions as in the Swedish study: 
diverticular disease does not increase the risk of colorectal cancer. The risk is only 
increased within the first year after diagnosis of diverticular disease, which rather 
suggests the misclassification and misdiagnosis of diverticular disease.

Finally, Brar et al. [35] subdivided their study population into complicated and 
uncomplicated diverticulitis. This subgroup analysis only considered patients with 
pericolic or pelvic abscess at the time of presentation for the complicated 
diverticulitis group because those presenting with obstruction or fistula were man-
aged surgically. In their analysis, they found that 9 patients (5.4%) in the uncompli-
cated group had advanced adenoma, whereas, in those patients presenting with 
abscess, 14 patients (18.9%) had advanced adenoma. Four patients (5.4%) present-
ing with complicated diverticulitis were found to have invasive malignancy, whereas 
there were none identified in the uncomplicated diverticulitis group. The investiga-
tors also looked at age as a risk factor for advanced neoplasia. On multivariate 
analysis, both age (OR = 1.04, 95% CI 1.01–1.08) and the presence of intra-abdom-
inal abscess (OR = 4.15, 95% CI 1.68–10.3) were determined to be independent risk 
factors. Looking at patients with complicated diverticulitis, Lau et al. [36] found 
that the odds of malignancy with the presence of abscess is 6.7-fold (95% CI 
2.4–18.7), 4-fold (95% CI 1.1–14.9) with local perforation, and 18-fold (95% CI 
5.1–63.7) in patients with concomitant fistula as compared to uncomplicated diver-
ticulitis. Therefore, in patients above the age of 50 or those presenting with compli-
cated diverticulitis, colonoscopy should be considered (Figs. 15.5 and 15.6).

In conclusion, colonoscopy following acute diverticulitis is useful in the follow-
ing conditions:
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 (a) in persistent symptomatic patients to exclude other diseases (IBD, colorectal 
cancer);

 (b) after resolution of acute diverticulitis if a high-quality examination of the colon 
has not been recently performed [37]; and,

 (c) after resolution of complicated acute diverticulitis [38] to rule out colorec-
tal cancer.

Fig. 15.5 Diverticulitis 
with erosion

a b

Fig. 15.6 (a) An 80-year-old man was admitted to a hospital due to acute complicated diverticu-
litis and treated with support treatment and intravenous antibiotics. (b) Due to persistence of ane-
mia and mild abdominal pain, he underwent colonoscopy 3 weeks later, with detection of colon 
cancer in the sigmoid colon
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15.5  Colonoscopy as a Predictive Tool for Diverticular 
Disease Outcomes

Different images can be found during colonoscopy in patients with diverticula: non-
inflamed diverticula, segmental colitis associated with diverticulosis (SCAD), 
diverticulitis with or without complications, and bleeding diverticula. In addition, 
colonoscopy may reveal indirect signs of previous acute diverticulitis, such as rigid-
ity of the colonic wall and substenosis or stenosis of the intestinal lumen. 
Colonoscopy is also essential for establishing the diagnosis of SCAD, which is a 
chronic colitis occurring only in the left colon, in the presence of diverticula. Rather 
than a complication of diverticular disease, SCAD is currently believed to be an 
independent clinical disease falling in the subset of inflammatory bowel disease. 
The endoscopic findings of SCAD are erythema, erosions, granularity, and fragility 
of the mucosa, and the involvement of the colonic mucosa can be diffuse or, more 
often, “patched.” [39]. Colonoscopy, in patients with diverticulosis, requires 
advanced skills, both in recognizing situations of a particular risk (acute diverticuli-
tis with or without perforation signs) and in special situations such as massive diver-
ticulosis with difficult-to-find colonic lumen, the presence of narrow angles and 
rigid, fixed lumen, or to passing stenosis. The use of endoscopes with different cali-
bers and stiffness (such as pediatric endoscopes or enteroscopes) can be useful in 
some cases, providing further help to endoscopists. Sometimes we suggest the use 
of a transparent cap, especially in training endoscopists. Moreover, the current use 
of CO2 instead of air may decrease the patient’s discomfort. Recently, an interna-
tional study group on diverticular disease has introduced and validated the DICA 
(Diverticular Inflammation and Complications Assessment) classification to estab-
lish, with an objective and reproducible score, the severity of the disease associated 
with diverticula. The DICA score purely consists of endoscopic parameters such as 
the number of diverticula (in the right and left colon), the presence of inflammatory 
signs (edema/hyperemia, erosions, SCAD), the presence of complications of stig-
mata, such as stiffness or luminal stenosis, and the presence of complications, such 
as bleeding and pus [40]. The main aim of the DICA score is to predict the future 
development of complications and the global outcome of the disease, thus deciding 
whether medical therapy is needed. In summary, the role of endoscopy in diverticu-
lar disease is paramount for staging the severity of the disease, its complications, 
and for the selection of an appropriate medical or surgical treatment.
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16Diverticular Inflammation 
and Complication Assessment (DICA) 
Classification

Antonio Tursi , Giovanni Brandimarte, 
and Francesco Di Mario

16.1  Introduction

Diverticulosis of the colon is an acquired deformity of the colonic wall, which shows 
an increasing prevalence worldwide [1]. It is estimated that it affects more than 75% 
of people older than 70 years [2] and that no more than 20% of those people may 
have occurrence of symptoms, the so-called diverticular disease (DD) [2].

There are several approaches to classify DD. Imaging-based classifications are 
the most used classifications in this setting, in particular, the classification based on 
abdominal computerized tomography (CT) (e.g., modified Hinchey, Buckey, or 
Ambrosetti classification) [3–5]. There are also some clinical classifications that 
look at the clinical appearance of the disease (e.g., the classification of the Scientific 
Committee of the European Association for Endoscopic Surgery, the Sheth 
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classification, and the Hansen–Stock classification) [6–8]. However, most of them 
are focused on the severity of diverticulitis rather than on the overall spectrum of 
DD and are thus not widely used in clinical practice.

Surprisingly, an endoscopic classification of the disease was lacking until 2015, 
despite several findings suggesting a need for it:

 (a) diverticulosis of the colon is the most frequent anatomical alteration detected at 
colonoscopy [9];

 (b) the number of colonoscopies performed for colorectal cancer screening or for 
any other colonic diseases is increasing worldwide. For example, in the USA, 
19 million colonoscopies are performed each year [10];

 (c) Due to this large number of exams, it is quite frequent to find not only diverticu-
losis but also signs of endoscopic inflammation without any clinical suspicion 
of acute diverticulitis. In fact, endoscopic signs of diverticular inflammation 
may be recognized in about 1% of patients undergoing colonoscopy, in the 
absence of any clinical sign of suspected acute diverticulitis [11, 12];

 (d) the extension of diverticulosis through the colon is a risk factor for diverticulitis 
recurrence [13];

 (e) the detection of persisting endoscopic inflammation following an attack of 
acute diverticulitis is a risk factor for recurrence of the disease [14].

Considering all of these findings, it is hypothesized that patients differ from each 
other. For example, it was hypothesized that a patient having only scattered diver-
ticula in the sigmoid colon may differ from a patient having diffuse diverticulosis 
and rigidity of the colon or having diverticular inflammation, but we did not know 
whether these differences have a prognostic significance. Moreover, the meaning of 
the terms currently used for describing diverticulosis, from ‘scattered diverticulosis’ 
and ‘diffuse diverticulosis’ to ‘diverticular inflammation’, are not an objective and 
reproducible endoscopic description.

For these reasons, in 2015, we published the first endoscopic classification of diver-
ticulosis/DD, assessing its reproducibility and clinical validity [15]. The development 
of this endoscopic classification, called “Diverticular Inflammation and Complication 
Assessment” (DICA), was divided into three parts: construction of the classification by 
selecting the most relevant endoscopic variables; development of the classification by 
assessing the reproducibility level of the endoscopic score by an interobserver variation 
study; and validation of the classification, in which the final items were reassessed to 
establish a new concordance of the classification and to finally validate it.

The main steps in the implementation process were as follows: (1) the promoters 
of the DICA classification (Antonio Tursi, Giovanni Brandimarte, and Francesco Di 
Mario) selected a panel of experts in gastrointestinal endoscopy; (2) visualization of 
the videos and assessment of the endoscopic variables under examination were per-
formed during a plenary session lasting 2 days by the members of the expert group 
(interobserver agreement); and (3) a new visualization of the videos and assessment 
of the modified endoscopic variables under examination were performed 3 months 
later by the same experts using internet access (intraobserver agreement).

A. Tursi et al.
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16.2  Construction of the Classification

To select the endoscopic items, the promoters (Antonio Tursi, Giovanni Brandimarte, 
and Francesco Di Mario) reviewed 300 videos displaying their gastroenterological 
structures and showing colonic diverticulosis/DD. After visualization, they selected 
four main items on which to build the classification: (1) diverticulosis extension; (2) 
number of diverticula in each colonic district; (3) the presence of inflammation; and 
(4) the presence of complications. At the beginning of the developmental process, 
each endoscopic item was developed as follows:

 1. Diverticulosis extent: Sigmoid colon, descending colon, transverse colon, 
ascending colon, and cecum.

 2. Number of diverticula in each region: Grade I: ≤5, grade II: 5–10, grade III: 
10–20, and grade IV: >20.

 3. Presence of inflammation: Four different types of inflammation were identi-
fied: (a) edema: congestion of the diverticular opening, with loss of the submu-
cosal vascular pattern; (b) hyperemia: hyperemia of the diverticular opening, 
with loss of the submucosal vascular pattern; and (c) erosions: small fibrinous 
ulcerations. In case of contemporaneous detection of different severities of 
inflammation at colonoscopy in the same region (e.g., some diverticula with 
hyperemia and others with erosions), the most severe grade of inflammation 
was reported.

 4. Presence of complications: Five different complications were identified: (a) 
rigidity of the colon: slight distension of the diverticular region at inflation; (b) 
passing stenosis: whether a standard colonoscope could be passed through the 
narrowed lumen; (c) incomplete colonic exploration (due to not passing stenosis 
or an elevated risk of perforation): when the standard colonoscope could not be 
passed through the narrowed lumen or when the presence of some anatomical 
characteristics (e.g., several diverticula with rigidity at the spleen flexure) 
increased the risk of perforation, it was advised to suspend the examination; (d) 
segmental colitis associated with diverticulosis (SCAD): inflammation of the 
interdiverticular mucosa that does not involve the diverticular opening [16]; and 
(e) bleeding.

After the identification of the endoscopic items and their gradation, the next 
step was the construction of a numerical classification in which the power of each 
variable was related to its importance. For example, sigmoid diverticulosis was 
graded with 2 points because in the Western world diverticulosis occurred more 
frequently in the left than in the right colon. At the same time, the detection of 
inflammation, as well as that of the complication, was graded according to the 
progressive severity of inflammatory findings. At the end of this construction, four 
different numerical DICA were identified: DICA 0: when the sum of the points 
was up to 4; DICA 1: when the sum of the points was from 5 to 7; DICA 2: when 
the sum of the points was from 8 to 12; and DICA 3: when the sum of the points 
was over 13.

16 Diverticular Inflammation and Complication Assessment (DICA) Classification
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16.3  Development of the Classification

A total of 32 expert endoscopists, from university hospitals, first-level secondary 
and tertiary hospitals, and territorial endoscopic centers, who knew the DICA clas-
sification, were involved in the construction of the DICA. In all, 30 videos of diver-
ticulosis/DD were assessed at this time, and the overall Fleiss’ kappa for inter-rater 
reliability was 0.686 (95% CI 0.596–0.701). Fleiss’ kappa was 0.755 for grade 0 
(95% CI 0.689–0.783), 0.557 for grade 1 (95% CI 0.501–0.578), 0.521 for grade 2 
(95% CI 0.498–0.583), and 0.895 for grade 3 (95% CI 0.863–0.910).

However, a four-step DICA score was considered too complex by these experts, 
and items and subitems assessed were considered too much or too complex. For 
example, the experts found it highly difficult to differentiate between a low and 
medium number of diverticula or between severe and mild stenosis. After plenary 
discussion, the definitive DICA classification therefore comprised the following 
items and subitems and related scores (Table 16.1):

 1. Diverticulosis extent: left colon (2 points), right colon (1 point);
 2. Number of diverticula (in each region): grade I: ≤15 (0 point) (Fig. 16.1), grade 

II: >15 (1 point) (Fig. 16.2);

Table 16.1 Items and subitems in constructing DICA classification

Diverticulosis extension:
   • Left Colon (2 points);
   • Right Colon (1 point)

Left diverticulosis

<15 diverticula

Edema/hyperemia

Pus Stenosis Bleeding

Erosions SCAD

>15 diverticula

Right diverticulosis
Number of diverticula per 
district:
   • Less than 15 (0 points);
   • More than 15 (1 point)
Presence and type of 
inflammatory findings:
   •  Edema/Hyperemia (1 

point);
   • Erosions (2 points);
   • SCAD (3 points)
Presence of endoscopic 
complications:
   • Rigidity (4 points);
   • Pus (4 points);
   • Stenosis (4 points);
   •  Diverticular bleeding (4 

points)

DICA score Numeric values
DICA1 1–3 points
DICA 2 4–7 points
DICA 3 >7 points
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 3. Presence of inflammation: edema/hyperemia (1 point) (Fig. 16.3), erosions (2 
points) (Fig. 16.4), SCAD (3 points) (Fig. 16.5). If different types of inflamma-
tion are detected at colonoscopy in the same region (e.g., some diverticula with 
hyperemia and others with erosions), the most severe grade of inflammation was 
reported;

 4. Presence of complications (all of them scored with 4 points): (a) rigidity of the 
colon: slight distension of the diverticular region at inflation, and also compris-
ing mild stenoses in which the standard colonoscope could be passed through the 
narrowed lumen (Fig.  16.6); (b) stenosis: not passing stenosis or narrowed 
lumen, with an elevated risk of perforation due to the presence of some anatomi-
cal characteristics (e.g., several diverticula at the splenic flexure) (Fig. 16.7); (c) 
pus: purulent material coming from the diverticular opening (Fig. 16.8); and (d) 
bleeding (Fig. 16.9).

Fig. 16.1 Less than 15 
diverticula

Fig. 16.2 More than 15 
diverticula
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Fig. 16.3 Diverticular 
edema (arrow)

Fig. 16.4 Erosion of the 
diverticular opening 
(arrow)

Fig. 16.5 Segmental 
colitis associated with 
diverticulosis
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The definitive DICA score was therefore constructed as follows: DICA 1: when 
the sum of the points was up to 3—this was a simple diverticulosis, probably with-
out the risk of complications; DICA 2: when the sum of the points was from 4 to 
7—this was a mild DD, probably with a lower risk of complications; and DICA 3: 
when the sum of the points was over 7—this was a severe DD, probably with higher 
risk of complications.

At this step, 70 consecutive videos of patients who underwent colonoscopy, due 
to abdominal symptoms (abdominal pain, bleeding, constipation, diarrhea) and in 
whom a first diagnosis of diverticulosis/DD was made, were recorded. Among 
them, 30 videos were selected according to the quality of the images (complete 
endoscopic exploration of the colon, adequate colonic cleansing, and adequate visu-
alization of the diverticula with or without inflammation and/or complications). 
Videos were visualized during a plenary session as six blocks of five videos each, 

Fig. 16.6 Rigidity of the 
colonic lumen in the 
diverticular district

Fig. 16.7 Diverticular 
stenosis (arrow)
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with each block followed by a discussion of the results. Moreover, five videos were 
repeated with a new numeration to have an intraobserver agreement assessment. 
After visualization, all items were reassessed under plenary discussion. After modi-
fying the items and the complexity of the classification, Fleiss’ kappa in using the 
DICA increased to 0.847 (95% CI 0.812–0.893). Fleiss’ kappa was 0.878 for grade 
1 (95% CI 0.832–0.895), 0.765 for grade 2 (95% CI 0.735–0.786), and 0.891 for 
grade 3 (95% CI 0.845–0.7923). With respect to the intraobserver agreement, kappa 
was 0.91 (95% CI 0.886–0.947).

The videos were visualized again 6 months later by internet access. Each expert 
accessed the videos by a case-sensitive password and reassessed them according to 
the final DICA classification. The videos had a different distribution from the first 
visualization to have a more sensitive interobserver agreement. Moreover, five 

Fig. 16.8 Diverticular 
bleeding

Fig. 16.9 Bleeding and 
purulent material coming 
from the diverticula
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videos were repeated again with a new numeration to have an intraobserver agree-
ment assessment. Each expert was blinded to the clinical and laboratory character-
istics of the patient under examination, as well as to the answers provided by the 
other experts. Again, a high agreement rate was recorded for each DICA score.

16.4  Validation of the Classification

DICA score validation was carried out by estimating the correlation between the 
calculated index and the inflammatory indices: erythrocyte sedimentation rate 
(ESR) and C-reactive protein (CRP) expression. ESR and CRP were selected 
because they correlated with the severity of DD [12]. The correlation between the 
calculated index and the symptoms experienced by patients at the time of colonos-
copy was also assessed. In this manner, four main symptoms were assessed: abdom-
inal pain, bleeding, constipation, and diarrhea. In particular, abdominal pain was 
considered the main symptom characterizing DD [17], and it was assessed using a 
4-point verbal scale (none, mild, moderate, or severe), assigning numerical values 
of 0–3. Mild pain was defined as an occasional disturbance that did not limit normal 
activities, moderate pain as pain that interfered with normal-day life activities, and 
severe pain as pain that rendered the patient unable to perform normal activities.

DICA score severity correlated with both the ESR (p = 0.0001) and CRP values 
(p = 0.0001). A significant correlation was found between the pain score and the 
DICA score (p = 0.0001), whereas no differences were found between distribution 
of the associated symptoms in the three DICA scores.

16.5  Validation of the Classification in Real Life

The next step in developing this classification was to validate it in real life. This was 
performed by two studies.

Since this classification was created and developed in Italy, the first study was 
conducted in an Italian national setting [18]. The promoters (Antonio Tursi, 
Giovanni Brandimarte, and Francesco Di Mario) selected a panel of 66 endosco-
pists from university hospitals, first-level secondary and tertiary hospitals, and ter-
ritorial endoscopic centers, to assess the reproducibility of the DICA classification 
in a clinical setting. All the endoscopists involved knew the DICA classification, but 
not all of them used it in their practice: 31 endoscopists did use the DICA classifica-
tion in their practice from at least 3 months prior to the plenary session, and thus 
were named “experts”; 35 endoscopists did not use the DICA classification in their 
practice, and thus were named “not experts”.

Visualization of the videos and assessment of the endoscopic variables under 
examination were performed during a plenary session lasting 2 days by the mem-
bers of the group. Each participant assessed the videos using their own tablet, had 
10 min to evaluate and rate each video, and the response was anonymously collected 
via electronic data collection. At the end of the second day, a discussion of the 
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results was conducted. The promoters of the study took part in the discussion but 
did not interfere with the decisions of the group.

Overall, 1320 visualizations were performed. The overall agreement levels 
among the total group of raters were as follows: DICA 1, 70.2%; DICA 2, 70.5%; 
and DICA 3, 81.3%. The free-marginal κ varied as follows: DICA 1 = 0.553, DICA 
2 = 0.558, and DICA 3 = 0.719. The overall agreement levels among the expert 
group of raters were as follows: DICA 1, 78.8%; DICA 2, 80.2%; and DICA 3, 
88.5%. The free-marginal κ varied as follows: DICA 1 = 0.682, DICA 2 = 0.712, 
and DICA 3 = 0.828 (Table 16.2). Significantly, no differences were found between 
the experts and the not experts in using the DICA classification.

The second study was conducted in an International setting during the third 
International Symposium on Diverticular Disease, held in Madrid (Spain) in April 
2019 [19]. A total of 96 doctors from Europe (Bulgaria, Croatia, Germany, Hungary, 
Italy, Romania, Poland, Portugal, Slovakia, Spain, The Netherlands, and Russia), 
Africa (Tunisia), America (Brazil, Mexico, United States, and Venezuela), and 
Australia were involved (63 of them (82.9%) were endoscopists). The DICA clas-
sification was known by 62 (81.6%) doctors and used routinely by 37 (48.7%) 
doctors.

Overall, 960 visualizations were performed. The overall agreement level for the 
DICA classification was 91.8% with a free-marginal kappa of 88% (95% CI 80–95). 
The overall agreement levels were: DICA 1, 85.2%; DICA 2, 96.5%; and DICA 3, 
99.5%. The free-marginal κ was: DICA 1 = 0.753, DICA 2 = 0.958, and DICA 
3 = 0.919. The agreement about the main endoscopic items was 83.4% (k 67%) for 
diverticular extension, 62.6% (k 65%) for the number of diverticula in each district, 
86.8% (k 82%) for the presence of inflammation, and 98.5 (98%) for the presence 

Table 16.2 Agreement about DICA scores and items in the Italian real life setting

Raters

DICA 1 DICA 2 DICA 3
Overall 
agreement

Free 
marginal K

Overall 
agreement

Free 
marginal K

Overall 
agreement

Free 
marginal K

All 0.702 0.553 0.705 0.558 0.813 0.719
Experts 0.788 0.682 0.802 0.712 0.885 0.828
Not 
experts

0.612 0.420 0.590 0.410 0.628 0.440

Items

All Expert Not expert

Overall 
agreement

Free 
marginal 
K

Overall 
agreement

Free 
marginal 
K

Overall 
agreement

Free 
marginal 
K

Diverticulosis 
extent

0.767 0.650 0.787 0.680 0.744 0.620

Number of 
diverticula

0.758 0.520 0.769 0.539 0.741 0.480

Presence of 
inflammation

0.579 0.440 0.609 0.479 0.571 0.430

Presence of 
complications

0.780 0.730 0.797 0.747 0.778 0.720
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of complications (Table  16.3). Significantly, no differences were found between 
doctors using and not using the DICA classification in terms of the agreement.

16.6  Predictive Value of the Classification: 
A Retrospective Study

This classification has also shown a significant role in predicting the outcomes of 
the disease according to the severity of the DICA score. This role was first demon-
strated in a retrospective study [20].

A multicenter, international, retrospective cohort study, involving 21 centers 
from Italy, Brazil, Norway, and Venezuela, enrolled 1651 patients (793 M, 858 F, 
mean age 66.6 ± 11.1 years): 939 (56.9%) patients were classified as DICA 1, 501 
(30.3%) as DICA 2, and 211 (12.8%) as DICA 3. The aim of the study was to assess 
the role of the DICA classification in predicting the risk of acute diverticulitis occur-
rence/recurrence and the risk of surgery according to the DICA score severity. 
During a median follow-up of 24 (9–38) months, acute diverticulitis  occurred/
recurred in 263 (15.9%) patients, whereas surgery due to DD complications was 
necessary in 57 (21.7%) cases.

Both the univariate (χ2  =  405.029; p  <  0.0001) and the multivariate analyses 
(hazard ratio = 4.319, 95% CI 3.639–5.126, p < 0.0001) found that the DICA score 

Table 16.3 Agreement about DICA scores and items in the International real life setting

Raters

DICA 1 DICA 2 DICA 3
Overall 
agreement (%)

Free 
marginal K

Overall 
agreement (%)

Free 
marginal K

Overall 
agreement (%)

Free 
marginal K

All 85.2 0.753 96.5 0.958 99.5 0.919
Users 91 0.880 90 0.812 100 1
Not 
users

88 0.820 89 0.800 99 0.900

Items

All Expert Not expert
Overall 
agreement 
(%)

Free 
marginal 
K

Overall 
agreement 
(%)

Free 
marginal 
K

Overall 
agreement 
(%)

Free 
marginal 
K

Diverticulosis 
extent

83.4 0.670 98.3 0.820 88.3 0.620

Number of 
diverticula

82.6 0.650 89 0.690 81.3 0.600

Presence of 
inflammation

86.8 0.820 91 0.910 83.5 0.810

Presence of 
complications

98.5 0.980 99 0.990 97 0.920

Free marginal multirater kappa (κ) coefficient:
=0: pure chance
<0.4: poor agreement
0.41 to 0.60: moderate agreement
>0.80: very good agreement
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was the only factor significantly associated with the occurrence/recurrence of diver-
ticulitis and surgery during the follow-up.

This study also analyzed whether the current scheduled treatment advised for 
DD patients, ranging from rifaximin to mesalazine or probiotics, may be able to 
influence the outcome of the disease according to the severity of the DICA score. 
The study found that only in DICA 2 patients, scheduled therapies were effective in 
the prevention of AD occurrence/recurrence with a hazard ratio of 0.598 (95% CI 
0.391–0.914, p = 0.006); among them, only mesalazine-based therapies were sig-
nificantly able to reduce the risk of AD occurrence/recurrence and the need for 
surgery with hazard ratios of 0.2103 (95% CI 0.122–0.364) and 0.459 (95% CI 
0.258–0.818), respectively.

16.7  Predictive Value of the Classification: 
Prospective Studies

The next step was to assess the predictive value of this classification in a prospec-
tive study.

A multicenter, international, prospective cohort study, involving 43 centers from 
Italy, Brazil, The United Kingdom, Lithuania, Poland, Romania, and Venezuela, 
enrolled 2215 patients: 1377 (62.15%) patients were classified as DICA 1, 599 
(27.04%) as DICA 2, and 239 (10.80%) as DICA 3.

The patients were followed-up for 3 years, and the results at the second year of 
follow-up are currently available [21]. At 2 years of follow-up, acute diverticulitis 
occurred in 123 (5.5%) patients: 32 (2.3%) patients in the DICA 1 group, 53 (8.9%) 
patients in the DICA 2 group, and 32 (16.4%) patients in the DICA 3 group 
(p = 0.0001) (Fig. 16.10); surgery occurred in 35 (1.6%) patients: 2 (0.1%) patients 
in the DICA 1 group, 15 (2.5%) patients in the DICA 2 group, and 18 (7.6%) 
patients in the DICA 3 group (p = 0.0001) (Fig. 16.11). Again, the DICA classifica-
tion shows a significant role in predicting the outcome of diverticulosis/DD.

Another recent real-life study has tried to identify some factors associated with 
the severity of the endoscopic appearance of diverticulosis/DD according to the 
DICA classification [21], by analyzing a cohort of 11,086 patients, 5635 with diver-
ticulitis and 5451 without diverticulosis. Blood hypertension, diabetes, and angio-
tensin receptor blocker use occurred more frequently in the study group, whereas 
the prevalence of colorectal cancer (CRC) was significantly lower. Age > 70 years, 
BMI > 30, and blood hypertension were factors independently related to the pres-
ence of diverticulosis, whereas diabetes and CRC were significantly associated with 
the absence of diverticulosis. Female sex, age, smoking, appendectomy, proton 
pump inhibitors, and acetylsalicylic acid use were directly related to the severity of 
diverticular disease, whereas CRC and colonic polyp occurrence were inversely 
related to the severity of diverticular disease, significantly. Female sex, 
age > 70 years, and smoking were significantly related to the severity of diverticular 
disease. CRC and colonic polyps were significantly less in DICA 3 patients. 
Moreover, DICA 3 patients were more often symptomatic, at higher risk of hospital 
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Fig. 16.10 Acute diverticulitis occurrence/recurrence according to the DICA score after 2 years 
of follow-up
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Fig. 16.11 Surgery occurrence due to diverticular complications according to the DICA score 
after 2 years of follow-up
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admission (p < 0.0001), had longer hospital stay (9 days, range 6–15, p = 0.012), 
and higher mean costs (1964 €, range 1173–3467, p = 0.017).

16.8  Conclusions

The DICA classification has been shown to have an important role as a predictive 
tool for the outcome of the disease in terms of acute diverticulitis occurrence/recur-
rence and surgery due to complications of the disease. Its importance is demon-
strated by evidence that suggests that it is becoming the standard endoscopic 
classification in the field of diverticular disease [22–29].

Further studies are required to investigate whether some scheduled treatments 
can positively influence the outcome of the disease according to the DICA score.
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17.1  Introduction

Colonic diverticula are common in Western countries, affecting up to 60% of sub-
jects over 70 years of age [1]. In about 80% of patients, colonic diverticula remain 
asymptomatic, whereas approximately 20% of them may develop abdominal symp-
toms (symptomatic uncomplicated diverticular disease, SUDD). SUDD is defined 
by the presence of nonspecific episodes of abdominal pain from a diverticular 
source, without evidence of an inflammatory process and alteration in bowel habits.

The geographic variability of diverticular disease and its correlation with a Western 
diet have long suggested diet as a fundamental factor in the pathogenesis of the disor-
der. Autopsy series from 1920 to 1940 identified diverticulosis present in 2–10% of 
individuals. More recent autopsy studies have shown that the presence of diverticulo-
sis has increased up to 20–50%. This sharp rise in the incidence of diverticulosis is 
largely attributed to dietary changes, mainly the dietary decline of intake of fibers 
from cereal grains. In 1971, Burkitt and Painter first proposed the initial hypothesis of 
fiber deficiency as the etiology of diverticular disease. They recorded transit times and 
stool weights of more than 1200 individuals in the UK and rural Uganda [2]. The UK 
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patients, consuming a low-fiber diet, had transit times of about 80 h and mean stool 
weights of 110 g/day. In contrast, rural Ugandans, consuming extremely high-fiber 
diets, had transit times of 34 h and mean stool weights of more than 450 g/day. The 
longer transit times and smaller stool volumes were believed to increase intraluminal 
pressure, predisposing to diverticular herniation. The hypothesis is that decreased 
dietary fiber intake results in decreased intestinal contents and smaller size of the 
lumen. This in turn results in the transmission of muscular contraction pressure to the 
wall of the colon, rather than to the contents of the lumen. The result of increased pres-
sure on the wall is the formation of diverticula at the weakest point on the wall, namely, 
the sites of penetration by blood vessels, called the vasa recta [3] (Fig. 17.1).

The main goals for managing SUDD include both the reduction of abdominal 
symptoms and the prevention of acute diverticulitis. A standard therapeutic approach 
still remains to be defined. Fibers have been suggested in the treatment of SUDD 
patients, for increasing fecal mass, regularizing bowel movements, and favoring 
health-promoting species of the intestinal microbiota (Fig. 17.2).

17.2  Characteristics of Dietary Fibers

Dietary fibers are defined as the edible parts of plants or analogous carbohydrates, 
which are resistant to digestion and absorption in the human small intestine, with 
complete or partial fermentation in the colon. Fiber intake may be achieved by con-
suming fruits, vegetables, and cereal grains (dietary fibers), and/or by diet supple-
mentation with specific commercial preparations containing fibers (supplemental 
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Fig. 17.1 Pathogenesis of diverticula
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fibers) [4, 5]. Fruit fiber is a relatively small component of the total fiber consumed 
in populations following a Western dietary pattern [4].

Total fiber is the sum of dietary fibers and functional fibers. As all fibers are not 
hydrolyzed by human digestive enzymes, their constituent sugars are not absorbed 
in the small intestine. Fibers entering the large intestine may be fermented by the 
gut microbiota or may be resistant to fermentation, passing through the digestive 
tract relatively unchanged. Dietary fibers are heterogeneous, regarding their origin, 
chemical composition, and physicochemical properties with additional subcategori-
zation based on the degree of polymerization (e.g., chain length). With regard to 
their origin, plant-based fibers can be separated into fibers derived from cereals and 
grains, fruits, vegetables, nuts, and legumes. The physicochemical characteristics of 
fibers include fermentability, solubility, and viscosity, and these properties influence 
not only fermentation but also the therapeutic effects of consumption. Fibers that 
are highly fermentable while also possessing high solubility and viscosity include 
β-glucan, inulin, and pectins. These fibers are naturally found in whole grains, such 
as oats and barley, and in fruits, such as apples (pectin).

Soluble fibers are fermented to a large extent more proximally in the gastroin-
testinal tract (e.g., the ileam and the ascending colon) by a wide variety of anaero-
bic bacteria, such as bifidobacteria and Bacteroides, which result in an increase in 
bacterial biomass, an increase in fecal mass, a change in intracolonic pH, and 
production of short-chain fatty acids (SFCAs) and various gases as metabolic end 
products [6]. SCFAs resulting from this colonic fermentation of fibers will have 
systemic effects following absorption into the portal circulation. These include 
metabolic effects such as postprandial hypoglucemia and hypolipidemia [7]. 
Moreover, SCFAs exhibit anti-inflammatory properties, particularly related to 
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Fig. 17.2 New understanding about the pathogenesis of diverticular disease
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modulation of specific microbiome signatures, which may also play a role in the 
pathogenesis of DD.

Amongst the soluble fibers, pectin is a major fruit prebiotic that has been exten-
sively studied and shown to promote a healthy, anti-inflammatory colonic microbiota 
ecosystem with greater microflora diversity than inulin. Collectively, this soluble 
fiber supports a higher anti-inflammatory microbial profile by: (1) increasing the 
Bacteroidetes/Firmicutes ratio and increasing the abundance of Bifidobacterium and 
Clostridium cluster XIV, resulting in enhanced colonic mucosal barrier integrity and 
function, increased mucosal immunity, increased butyrate production, and a decrease 
in enteric pathogens; (2) promoting Eubacterium eligens, which upregulates pectino-
lytic enzymes; and (3) supporting certain Faecalibacterium prausnitzii strains while 
utilizing the fermentation of pectin to exert anti-inflammatory effects [8].

Insoluble fibers, such as cellulose, are generally poorly fermented by gut 
microbes, but their presence in the diet serves almost exclusively as bulking agents, 
which result in shorter transit time and increased fecal mass. They are partially fer-
mented in the distal colon, where the transit time is slower and bacterial densities 
are higher. Psyllium is also a nonfermentable fiber; however, its high solubility and 
viscosity results in unique therapeutic effects, including improved glycemic control 
and reduced blood cholesterol levels [6].

The adequate daily intake of fiber is 14 g of total fiber per 1000 kcal, or 25 g for 
adult women and 38 g for adult men. These numbers come mostly from studies 
related to fiber use and its benefits on protection against coronary heart disease. The 
mean intake of dietary fiber in the United States is 17 g/day with only 5% of the 
population meeting the adequate intake, whereas, in Europe, the intake may vary 
from 16 to 29  g/day. Grain-based foods (not including desserts) are the major 
sources of dietary fiber, with grain mixtures (e.g., pasta meals, pizza, and noodle 
soups) being the highest source of dietary fiber at 17.8%, followed by fruits at 
14.9%, and vegetables at 13.7%. Owing to low consumption, higher-fiber foods, 
such as dry beans, peas, other legumes, nuts, and seeds, contribute to only 6.3% of 
dietary fiber intake [9].

A growing number of human studies on specific fruit sources show varying lev-
els of prebiotic effects depending on the fruit source and daily amount consumed. 
Generally, a minimum of two whole fruit servings daily, especially those containing 
≥2.5 g fiber/serving (e.g., Kiwi, prunes), is required to stimulate significant colonic 
prebiotic activity (higher SCFA production, increased levels of Bifidobacteria, 
reduced levels of pathogenic bacteria, and protection against persistent bacterial 
diarrhea in children and adults) compared to ≤1 whole fruit serving/day, which is 
common in Western diets [8].

17.3  Dietary Fibers and Diverticular Disease

Diverticular disease has historically been considered a disease of both diet and life-
style. In the past, the high prevalence of diverticular disease was attributed to insuf-
ficient fiber intake. Recent studies, however, have indicated that after controlling for 
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other risk factors, dietary fiber intake is not associated with the prevalence of diver-
ticulosis detected at colonoscopy. On the other hand, a number of population-based 
studies have shown that fiber intake is inversely associated with the risk of diverticu-
litis. For instance, in a prospective study of 51,529 US male health professionals 
followed up for more than 4 years, a significant inverse association was recorded 
between dietary fiber intake and risk of development of clinically evident diverticu-
lar disease [10]. Individuals consuming 30 g of fiber per day have been shown to 
have a 41% reduction in risk compared to persons with a low fiber intake. Insoluble 
fibers from fruits and vegetables were noted to be more protective than cereal fibers 
[11]. These results provide further support for the recommendation that patients 
with asymptomatic diverticular disease might benefit from increasing their fruit and 
vegetable fiber intake, a stance endorsed by the American Dietetic Association [12]. 
The main characteristics of the included studies are summarized in Table  17.1. 
However, it is not clear whether a specific type or source of fiber is more beneficial 
in reducing the risk of diverticulitis. During acute phases, it may be advisable to 
limit the sources of insoluble fibers, which could cause further damage to inflamma-
tory processes at the local level, while maintaining a minimum supply of fibers in 
its soluble forms (pectins, gums, fruity, and some hemicellulose), especially con-
tained in some types of fruit.

Although dietary and supplementary fibers have been proposed for symptomatic 
relief in SUDD patients, the therapeutic benefit is not yet fully understood. In SUDD 
patients, fibers might act through: (a) conferring benefits by increasing fecal mass 
and promoting the regularity of bowel movements and (b) acting as prebiotics in the 
colon by favoring health-promoting species of the intestinal microbiota, especially 
bifidobacteria and lactobacilli. Indeed, the gut microbiota shifts rapidly in response 
to dietary changes, particularly with fiber intake. However, evidence for a therapeu-
tic benefit of a high-fiber diet in the treatment of DD is conflicting [4]. A systematic 
review evaluating multiple studies over a period of 40  years tried to assess the 
impact of a high-fiber diet on the treatment of more than 736 SUDD patients, mostly 
female in their seventh decade of life. Major limitations were involved in this analy-
sis, including a wide variety of amounts considered as “high” fiber intake, which 
ranged from 20 to 96 g/day, and different outcomes and follow-up times, in addition 
to lack of reports of type of fiber consumed (soluble vs. insoluble). As an example 

Table 17.1 Main studies on dietary fibers in diverticular disease

Author, year Study type Dietary fibers/supplemental
Brodribb A.J.M., 1977 Double-blind trial Dietary fibers
Aldoori WH 1994 Prospective Dietary fibers
Aldoori WH 1998 Prospective Dietary fibers
Latella G., 2003 Open RCT Supplemental
Cuomo R, 2014 Consensus conference Dietary fibers
Carabotti M, 2017 Review Dietary fibers
Carabotti M, 2018 Review Dietary fibers
Eberhardt F, 2019 Review Dietary fibers
Tursi A, 2020 Review Dietary fibers/supplemental
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of one of the clinical trials assessed, Brodribb et al. performed a randomized double- 
blind trial of a high-fiber diet in 18 patients with symptomatic diverticular disease 
[13]. Despite a considerable placebo effect being noted at 1 month, at 3 months, a 
significant reduction in bowel symptoms was seen in patients on the high-fiber diet. 
These findings suggest that patients should gradually increase their dietary fiber 
consumption over weeks and also be aware that their symptoms might initially 
worsen before they improve, which could take months. In a subsequent study, no 
improvement in symptom end points was reported despite a decline in transit times 
and increases in stool weight and frequency [13]. Despite these conflicting data, 
some amelioration of symptoms in patients with uncomplicated disease can be rea-
sonably expected with a high-fiber diet.

In addition to assessing the role of a high-fiber diet, another major consideration 
is the addition of supplementary fiber sources and their impact on diverticular dis-
ease. A systematic review assessing this theme evaluated articles published over the 
past 37 years and identified 10 studies with more than 1707 patients, with a majority 
of them females over 60 years of age [4]. Study designs varied, but were in majority 
randomized controlled trials assessing different types of supplementations includ-
ing glucomannan, ispaghula, bran, Plantago ovata, and methylcellulose. With regard 
to fiber solubility, soluble fibers were used in five studies, both insoluble and soluble 
fibers were used in two studies, and in three studies, insoluble fibers were used. 
Notably, the fiber intake of the diet was not reported and many studies included 
added interventions to fiber supplementation, including the addition of the selective 
antibiotic rifaximin. For instance, three studies assessed the efficacy of glucoman-
nan (2 or 4 g/day) when compared to glucomannan together with cyclic rifaximin, 
measured by the improvement of abdominal symptoms in SUDD patients. In all 
three studies, a significant reduction of abdominal symptoms in the treatment arm 
with just glucomannan was achieved. In two of these three studies, the glucoman-
nan treatment arm had a similar occurrence of diverticulitis as the antibiotic arm, 
whereas in the study by Latella et al., the incidence of episodes of diverticulitis in 
the group treated with rifaximin was lower than that in the group treated with glu-
comannan alone [14].

A more recent systematic review has aimed to update the evidences on the effi-
cacy of fiber treatment, both dietary and supplemental, in terms of reduction in 
symptoms and prevention of acute diverticulitis (AD) in SUDD patients. In all, 19 
studies were included, 9 with dietary fibers and 10 with supplemental fibers. The 
authors concluded that, mostly based on low-quality evidence study designs, both 
dietary and supplemental fibers could be beneficial in the treatment of 
SUDD. Nonetheless, owing to methodological limitations and the heterogeneity of 
therapeutic regimens employed a summary of the outcome measures is not permit-
ted. On the basis of these data, fiber supplements are suggested in Danish and Polish 
guidelines, whereas Italian guidelines argue that fiber supplementation alone pro-
duces controversial results in terms of symptom relief [15].

One particular observation is related to the use of antibiotics concomitant with 
fibers. Antimicrobial drugs have been shown to reduce H2 production and 
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gas- related symptoms and to increase mean stool weight in subjects taking fibers, 
most likely for a reduced fiber degradation. All the above findings provide ratio-
nale for antibiotic use in diverticular disease. Both the reduction in gas production 
and the increase in fecal mass can reduce intraluminal pressure and therefore 
improve, thus leading to a decrease in the enlargement of diverticula and in the 
generation of new diverticula. Fibers in combination with the selective antibiotic 
rifaximin have been shown to be associated with a greater prevalence of symp-
tom-free disease when compared to fibers alone. The combination of rifaximin 
with fibers has also been shown to be more effective than fibers alone in prevent-
ing acute diverticulitis [16].

One additional concern with the use of fibers in patients with diverticular disease 
is as follows. Historically, physicians have advised individuals with diverticular dis-
ease to avoid nuts, seeds, popcorn, corn, and other high-residue foods [17, 18]. This 
recommendation stems from the theory that luminal trauma is a causal mechanism 
for both diverticulitis [19]. Nuts, seeds, popcorn, and corn are presumed to be par-
ticularly likely to abrade the mucosa or to lodge within small diverticula [20]. 
However, the biological mechanisms responsible for diverticular complications 
remain poorly understood. Aside from luminal trauma, the potential inciting factors 
include elevated colonic pressures, compromised colon wall integrity, and altered 
bacterial flora [21, 22]. In contrast to this paradigm, utilizing a questionnaire-based 
protocol, the Health Professionals Follow-Up Study has demonstrated an inverse 
association between nut and popcorn consumption and the risk of diverticulitis. In 
this large, prospective study of men without a known diverticular disease, nut, corn, 
and popcorn consumption did not increase the risk of diverticulosis or diverticular 
complications [23]. Based on these data and the aforementioned benefits of fibers 
obtained from these food resources, the recommendation to avoid these foods to 
prevent diverticular complications should be reconsidered.

17.4  Conclusions

In conclusion, the role of diet in preventing diverticular disease has long been 
debated in the treatment of diverticular disease, with fibers in the center of recom-
mendations. Even though high-quality evidence is still lacking, a high-fiber diet 
seems to decrease the likelihood of SUDD in asymptomatic patients and may pro-
vide symptom relief in patients with active disease. Recent studies have proposed 
that its use in combination with selective antibiotics may also yield further symptom 
control in patients with active SUDD, given modulation of the gut microbiome pro-
cessing the ingested fibers. Nonetheless, the type, amount, and form of administra-
tion are still widely variable, thus making outcome assessment and specific 
recommendation guidance unclear. Further studies are needed to determine the best 
regimen of both high-fiber diets and supplementation in patients with DD, in addi-
tion to further comprehend the prebiotic effect of specific fiber regimens in modu-
lating the gut microbiome and, consequently, intestinal inflammation in patients 
with SUDD.
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18Non-Absorbable Antibiotics

Carmelo Scarpignato and Neil Stollman

18.1  Introduction

The spectrum of colonic diverticular disease is wide and ranges from asymptomatic 
diverticula to symptomatic uncomplicated diverticular disease (SUDD), uncompli-
cated diverticulitis, and, eventually, complicated diverticulitis. As a consequence, 
the therapeutic approach in each clinical scenario will depend on the severity of the 
disease [1].

Asymptomatic diverticulosis does not require any pharmacological treatment. 
However, a healthy lifestyle (regular physical exercise, maintaining ideal body 
weight, abstention from smoking) and intake of a high-fiber diet are recommended 
to reduce its progression to SUDD, acute diverticulitis, and its complications [2]. 
Most people with diverticulosis will not progress to symptomatic disease; the pro-
portion of subjects with diverticulosis that eventually develop SUDD or acute diver-
ticulitis is unknown.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93761-4_18&domain=pdf
https://doi.org/10.1007/978-3-030-93761-4_18
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18.2  Pharmacological Treatment of SUDD

In patients with SUDD, pharmacological treatment should be aimed at reducing 
both the intensity and the frequency of symptoms as well as preventing complica-
tions [1, 3, 4]. Most symptoms in SUDD are mild-to-moderate but they impair the 
patients’ quality of life, which can potentially be improved by medical treatment 
[5]. Typical symptoms of SUDD include pain (often, but not always, in the lower or 
left lower quadrant of the abdomen), bloating, and changes in bowel habits. Such 
symptoms are also observed in patients with irritable bowel syndrome (IBS), and 
distinguishing between these two clinical entities can be challenging [3, 6].

Diverticular disease has historically been considered a disease of diet and lifestyle, 
and a high-fiber diet has been and still is suggested for these patients. As pointed out by 
a recent systematic review [7], despite some evidence that a high- fiber diet or dietary 
fiber supplements may reduce symptoms in patients with SUDD, the quality of evidence 
is extremely low, due to substantial methodological limitations of the studies, the hetero-
geneity of the regimens employed, and the lack of specifically designed studies.

In addition to fibers, the therapeutic armamentarium in diverticular disease has 
been relying on antibiotics and, more recently, on the poorly absorbable antibiotic, 
rifaximin [8, 9], the locally delivered anti-inflammatory drug, mesalazine [10, 11], 
and probiotics [12, 13], alone or in combination. This chapter will focus specifically 
on poorly absorbed antibiotics in SUDD.

18.3  Rationale for Antibiotic Use in SUDD

The rationale for the use of antibiotics in diverticular disease is based on the concep-
tion that diverticula (pouches of the colonic wall) – in predisposed individuals – 
favor fecal entrapment, bacterial overgrowth, and potential breakdown of the 
epithelial lining, involved in bacterial translocation, mucosal inflammation, symp-
toms, and potential complications [14].

It is now well established that intestinal microecology plays a key role in deter-
mining symptoms in patients with diverticular disease [1, 3]. Small intestinal bacte-
rial overgrowth (SIBO, defined as a bacterial concentration ≥ 103 CFU/ml in small 
bowel aspirates [15]), which represents the most widely characterized form of dys-
biosis, is frequently found in patients with diverticular disease [16, 17], and its role 
seems to be crucial in symptom development [18]. In addition to the absolute num-
ber of organisms, a variety of microbiota play a critical role in the manifestation of 
signs and symptoms of overgrowth [19]. For example, a predominance of bacteria 
that metabolize bile salts to unconjugated or insoluble compounds may lead to fat 
malabsorption or bile acid diarrhea. In contrast, microorganisms that preferentially 
metabolize carbohydrates to short-chain fatty acids and gas may cause bloating, but 
not diarrhea, since the metabolic products are usually absorbed. Gram-negative 
coliforms, such as the Klebsiella species, may produce toxins that damage the 
mucosa, interfering with the absorptive function and causing fluid secretion, thereby 
mimicking tropical sprue. As a consequence, some investigators have assumed the 
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diagnosis of SIBO, provided that the bacterial species, isolated in the jejunal aspi-
rate, are those that normally colonize the large bowel (e.g., Enterobacteriaceae, 
Pseudomonas spp., Bacteroides spp.) or that the same species are absent from saliva 
and gastric juice [20–22]. Indeed, small intestinal permeability (a hallmark of SIBO 
[23]) is increased in subjects whose small bowel is populated by colonic-type bac-
teria but not in those with salivary-type flora [24].

Bacteria activate the immune system through specific receptors known as Toll- like 
receptors (TLRs) [25]. Bacterial lipopeptides and lipopolysaccharides are recognized 
by TLR-2 and TLR-4, which are involved in the generation of innate and adaptive 
immunity [25]. As a matter of fact, Cianci et al. [26] showed that, compared to controls, 
TLR-2 and TLR-4 expression on immune cell subpopulations and on the colonic 
mucosa is altered in patients with SUDD. By studying the distribution of gut-homing 
lymphocytes in peripheral blood, the same investigators found that – compared to con-
trols – both CD4+ and CD8+/CD103+ were significantly higher in patients, while no 
difference was evident between lymphocytes in the diverticular sigmoid mucosa [27].

Bacteria-induced immune activation can drive low-grade mucosal inflammation, 
which sensitizes both intrinsic primary efferent neurons and extrinsic primary affer-
ent neurons, generating neural and smooth muscle dysfunction. These disturbances 
can in turn lead to symptom development and persistence [18] (Fig. 18.1). Indeed, 
bacterial metabolism is the major source of intestinal gas such as H2, CO2, and CH4 
via carbohydrate fermentation [28]. Excessive production of bowel gas can play a 
role in triggering abdominal symptoms such as bloating, pain, and discomfort [29]. 
Antimicrobial drugs have been shown to reduce colonic H2 production [30, 31] and 
gas-related symptoms [32, 33], with significant symptom improvement correlating 
with reduction in H2 breath excretion [34].

Antimicrobial therapy causes an increase in the mean stool weight in subjects on 
constant fiber intake, most likely because of a reduced fiber degradation consequent 
to the decline in bacterial population [35]. Both the reduction in gas production and 
the increase of fecal mass reduce the intraluminal pressure, thus improving symp-
toms and decreasing the enlargement and stretching of the diverticula as well as—
potentially—the generation of new diverticula [36].

Although the involvement of the gut microbiota in the pathophysiology of diver-
ticular disease has long been hypothesized, only recently has a clear evidence base 
become available. An early study found a shift in bacterial phyla abundance in SUDD, 
with a decrease in Bacteroidetes and an increase in Firmicutes [37]. Interestingly, 

Intestinal bacterial
overgrowth

Mucosal low-grade
inflammation

Abnormal activation of
intrinsic primary efferent

and extrinsic primary
afferent neurons

Neural and muscle
dysfunction

Symptom development
and persistence

Fig. 18.1 Potential role of 
intestinal bacterial 
overgrowth in symptom 
development in patients 
with diverticular disease 
(derived from Colecchia 
et al. [18])
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these changes are similar to those observed in patients with IBS [38]. In addition, in 
line with the potential role of microbial pathogens in diverticular disease complica-
tions, a study showed a global increase in all fecal phyla, as well as an increase in 
Proteobacteria in patients with acute diverticulitis [39].

A recent descriptive, cross-sectional pilot study has assessed the tissue low-grade 
inflammation, the microbiota and the metabolome in patients with diverticular dis-
ease [40]. The results showed that compared with controls, patients with diverticula 
(regardless of symptoms) had a >70% increase in colonic macrophages (Fig. 18.2). 
Their fecal microbiota were depleted of Clostridium cluster IV, a class comprising 
several groups with potential anti-inflammatory properties. In addition, compared 
to asymptomatic patients, patients with SUDD showed a depletion in Clostridium 
cluster IX, Fusobacterium, and Lactobacillaceae, all bacterial groups with poten-
tial anti-inflammatory properties or producers of short-chain fatty acids (Fig. 18.3). 
Interestingly, the depletion of microbiota members with anti- inflammatory activity 
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was associated with mucosal macrophage infiltration. This study also showed a 
decrease in the mucus-degrading bacteria Akkermansia in the colonic tract affected 
by the diverticula, compared with distant unaffected sites [40]. A report by Tursi and 
colleagues [41] assessed the fecal microbiota from 15 patients with SUDD, with 
asymptomatic diverticulosis, and 16 healthy controls. Their results showed that the 
overall bacterial abundance of dominant bacterial groups, including Bacteroides/
Prevotella, Clostridium coccoides, Bifidobacterium, Lactobacillus, and Escherichia 
coli, was not different among the three groups. Interestingly, the amount of 
Akkermansia muciniphila species was significantly higher in patients bearing diver-
ticula than in controls. Methodological and population differences exist between 
these two studies [40, 41], which may explain the differences in findings.

It is worth emphasizing that many of these studies have significant drawbacks 
and limitations, including reduced sample size, poorly defined inclusion criteria, 
disparate patient populations, and variable methodology, leading to often inconsis-
tent (and sometimes conflicting) results [42]. As a consequence, the available stud-
ies evaluating both fecal and mucosa-associated microbiota in diverticular disease 
do not allow drawing definite conclusions on the precise alterations (if any) of intes-
tinal microecology associated with the disease. However, the evidence to date does 
suggest that asymptomatic diverticulosis is not associated with significant changes 
in the gut microbiome, but significant changes do occur in the microbiota composi-
tion when diverticulosis evolves into SUDD or acute diverticulitis (in particular, 
depletion of taxa with purported anti-inflammatory activity) [3, 42]. These data are 
consistent with the idea that the microbiota could be involved in the progression of 
diverticulosis to SUDD and diverticulitis but not in the pathogenesis of diverticulo-
sis per se.

In addition to cataloguing the microorganisms themselves, there is ongoing work 
evaluating the metabolome in diverticular disease. Six molecules (namely, 
3-hydroxykynurenine, ethanolamine, 3-methylglutarate, 3-aminoisobutyrate, and 
the unassigned molecules X-5.43 and X-2.83) have been identified in urinary 
metabolite analysis, which are capable of distinguishing between patients with 
diverticular disease and healthy controls, with accuracy greater than 95%. These 
metabolites may be considered as biomarkers of the disease and could be useful 
diagnostic tools in the near future [40]. Another study [41], using nuclear magnetic 
resonance-based metabolomics data, showed significant discrimination between 
healthy controls and diverticulosis, as well as between diverticulosis and 
SUDD. Nonetheless, the profile of metabolites identified in the two studies [40, 41] 
was not the same; in the last investigation, two molecules (hippurate and methanol) 
differed between healthy controls and asymptomatic diverticulosis, whereas two 
others (3,5-dihydroxybenzoate and compound U16) showed a trend toward a sig-
nificant difference [41]. Clearly, more research in a larger sample size of patients is 
needed to define specific metabolites to be considered as suitable biomarkers for the 
diagnosis of diverticular disease.

Taken together, the above results indicate the presence of dysbiosis in patients 
with diverticular disease and suggest an imbalance in favor of bacteria with proin-
flammatory and pathogenetic potential, particularly in patients with SUDD and at 
sites with the most abundant presence of diverticula. Although further large-scale 
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studies, specifically aimed at identifying consistent microbiota and metabolome sig-
natures with reliable diagnostic values, are needed, these findings represent a ratio-
nale for microbiota-directed therapies in the treatment of diverticular disease.

18.4  Antibiotics for SUDD: Which Ones?

Although it is clear that several non-antimicrobial drug classes are able to affect the 
gut microbiota [43, 44], with 24% of them displaying anticommensal activity at 
concentrations lower than those achieved in the small and large bowel [43], diet, 
prebiotics, probiotics, and antibiotics are the most widely used and effective nutri-
tional and pharmacological means for modifying intestinal microecology [19].

It is well known that systemic antimicrobials have many detrimental effects on 
the gut microbiota [45]. Both molecular- and cultivation-based approaches have 
revealed ecological disturbances in the microbiota after antibiotic administration, in 
particular, for specific members of the bacterial community that are susceptible or 
alternatively resistant to the antibiotic in question. A consistently observed conse-
quence of antibiotic treatment has been a temporary decrease in microbial diversity 
and a long-term persistence of antibiotic-resistant genes [46]. In addition, systemic 
drugs have all adverse events [47] and drug-to-drug interactions [47]. In this con-
text, development of poorly absorbed antibiotics with a favorable impact on the gut 
microbiota has been a useful addition to our therapeutic armamentarium. These 
antimicrobial drugs are not systemically available, and this will minimize both anti-
microbial resistance and adverse events. Indeed, they have been proved to be safe in 
all patient populations studied, including young children.

18.5  Are There Pathophysiological Features Other than 
the Gut Microbiota that Can Benefit from Poorly 
Absorbed Antibiotics?

Additional pathophysiological pathways involved in the symptom development of 
SUDD are visceral hypersensitivity [48], extended to the rectum [49], an abnormal 
neuromuscular function [50], and an altered anticipatory response to thermal pain 
[51]. All these features are, at least partially, mediated by the ongoing low-grade 
inflammation and upregulation of neuropeptides and are common in patients with 
IBS, whose symptoms overlap with those of SUDD [3, 52]. Indeed, a large propor-
tion of patients with SUDD fulfill the Rome III criteria for IBS [53]. In addition to 
the demographic and clinical characteristics (SUDD patients are older, more fre-
quently males, with severe, long-lasting, and localized, mainly in the left lower 
quadrant, abdominal pain) [3], fecal calprotectin may also help in differentiating 
these two clinical conditions. Indeed, despite the presence of low-grade intestinal 
inflammation (mostly driven by mast cells in IBS [54] and by macrophages in 
SUDD [40]) in both patient populations, this inflammatory marker was found to be 
increased in SUDD but not in IBS patients, with its concentration significantly 
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correlated with the severity of abdominal pain [55]. Similarly, Barbara’s laboratory 
[56] has recently shown that the colonic mucosa of patients with SUDD is charac-
terized by nerve fiber outgrowth and that a higher number of macrophages are 
located in close proximity to these fibers (Fig. 18.4). These findings strongly sug-
gest the role of inflammation in symptom generation [57].

Studies in animal models have also demonstrated a relationship between the 
presence of mucosal inflammation and altered sensory motor function [58]. In sev-
eral instances, neuromuscular dysfunction was shown to persist after mucosal 
inflammation has subsided, likely maintained by locally produced mediators. It is 
therefore plausible that the low-grade mucosal inflammation, driven by bacteria- 
induced immune activation, could represent an additional target for rifamycins, the 
leading class of antibiotics employed in SUDD that are endowed with an intrinsic 
anti-inflammatory activity [59–61].

18.5.1  Rifaximin: Experimental and Clinical Pharmacology

Rifaximin (4-deoxy-4′-methylpyrido[1′,2′-1,2]imidazo[5,4-c]rifamycin SV) is a 
synthetic rifamycin derivative (Fig.  18.5) designed to achieve low gastrointesti-
nal (GI) absorption while retaining good antibacterial activity [62]. Like all the 
members of the rifamycin family, it exerts its antibiotic effect through inhibition of 
bacterial ribonucleic acid (RNA) synthesis by binding to the β-subunit of bacterial 
deoxyribonucleic acid-dependent RNA polymerase [63]. Both experimental and 
clinical pharmacology show that this compound has a broad spectrum of antibacte-
rial action covering Gram-positive and Gram-negative organisms, both aerobes and 
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anaerobes [62]. Being virtually nonabsorbed, its bioavailability within the GI tract 
is rather high with intraluminal and fecal drug concentrations that largely exceed 
the minimum inhibitory concentration values observed in vitro against a wide range 
of pathogenic organisms [64]. Therefore, the GI tract represents the primary thera-
peutic target and GI infections were the original indication. The appreciation of the 
role of gut dysbiosis and SIBO in several organic and functional GI diseases [21] 
has increasingly broadened the clinical use of rifaximin, which is now extended to 
hepatic encephalopathy, small intestine bacterial overgrowth, inflammatory bowel 
disease, and colonic diverticular disease.

Amongst the antimicrobial treatments employed to eradicate SIBO [33], rifaxi-
min seems to be the most suitable antibiotic, as it is highly effective and safe. A 
systematic review and meta-analysis [65] of 32 studies (involving 1331 patients) 
found an ITT overall eradication rate of 70.8% (95% CI 61.4–78.2; I2 = 89.4%). The 
overall rate of adverse events was only 4.6% (95% CI 2.3–7.5; I2 = 63.6%). In the 
subset of studies (n = 10) allowing the analysis, improvement or resolution of symp-
toms in patients with eradicated SIBO was found to be 67.7% (95% CI 44.7–86.9; 
I2 = 91.3%). Meta-regression identified three covariates (drug dose, study design, 
and co-therapy) independently associated with an increased eradication rate 
(Fig. 18.6).

Fig. 18.5 Chemical structure of rifaximin and its parent compounds, rifamycin SV and rifampicin
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Although rifaximin has antibiotic properties, it seems to have a minimal negative 
impact on the overall gut microbiota. In addition, the drug has shown eubiotic 
effects since it stimulates the growth of beneficial bacterial species, including 
Lactobacilli and Bifidobacteria [66, 67]. A recent investigation [68] in patients with 
intestinal inflammatory conditions (including diverticular disease) has found that 
the clinical improvement following rifaximin treatment was associated with an 
increase in the abundance of Faecalibacterium prausnitizii, an important butyrate- 
producing bacterium endowed with anti-inflammatory properties [69]. These results 
were independent of the underlying disease and were not accompanied by a signifi-
cant alteration of the overall gut microbial ecology.

Rifaximin has also demonstrated anti-inflammatory properties [70]. In particu-
lar, it suppressed intestinal and systemic inflammation by preserving the epithelial 
function (and limiting bacterial translocation) and/or by a direct anti-inflamma-
tory activity, as it is able to inhibit cytokine and chemokine synthesis from LPS-
activated THP-1 monocytes and macrophages in vitro [61]. In intestinal epithelial 
cells, rifaximin caused a robust attenuation of the generation of inflammatory 
mediators caused by LPS (via abrogating its binding with NF-κB) and increased 
the generation of TGF-β. In addition, exposure of human colon biopsies from 
inflammatory bowel disease patients to rifaximin reduced mRNA levels of IL-8, 
Rantes (Regulated on Activation, Normal T-cell Expressed and Secreted), MIP-3α, 
and TNF induced by LPS [71]. Silencing the human nuclear pregnane-X receptor 
(PXR) decreased the anti-inflammatory activity of rifaximin, suggesting a mecha-
nism involving this receptor. Indeed, the drug was found to be a gut-specific 
ligand for the PXR [72], a master gene, critical for maintenance of intestinal 
integrity.[73, 74]

A recent experimental study [75] has confirmed the anti-inflammatory activity of 
rifaximin in a model of diclofenac-induced intestinal inflammation, where the drug 
decreased myeloperoxidase (MPO) and cytokine tissue concentrations as well as 
the fecal excretion of calprotectin. In-depth investigations also showed that—in a 
human monocyte cell line (THP-1), a well-established model to study monocyte/
macrophage functions—this antibiotic is able to modulate the activity of the inflam-
masome NLRP3 (nucleotide-binding oligomerization domain, leucine-rich repeat, 
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and pyrin domain-containing protein 3) by preventing the caspase-1-dependent acti-
vation and release of IL-1β [75]. This observation provides compelling evidence for 
an intrinsic anti-inflammatory activity of rifaximin (Fig. 18.7).

18.6  Rifamycin SV: MMX Formulation

The broad-spectrum, semisynthetic rifamycin SV was derived from rifamycin B 
and introduced into clinical practice as an intravenous regimen for the treatment of 
tuberculosis in 1962, replaced later on by rifampicin, an orally active compound [76].

An oral modified-release formulation of rifamycin SV (which is poorly absorbed), 
using the patented multimatrix (MMX) technology [77], has been recently devel-
oped to deliver high concentrations of the antibiotic into the colon, with a homoge-
neous distribution along all colonic segments, particularly the most distal one [78].

In the MMX formulation, rifamycin SV is dispersed in the lipophilic matrix that 
is surrounded by a hydrophilic matrix. The lipophilic matrix protects the active 
ingredient from dissolution in the intestinal aqueous fluids before it reaches the 
cecum. In addition, the gastro-resistant polymer film surrounding the core does not 
disintegrate at a pH lower than 7. The film gradually transforms into a viscous gel 
mass at the distal ileum and the rectosigmoid. Rifamycin SV then disaggregates and 
is released in proximity to the mucosa during its movement toward the rectum 
[77, 78].

While rifamycin SV shares the spectrum of antibacterial activity [76] and its 
anti-inflammatory activities [61, 79] with the other members of the family, the 
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pharmacokinetics of the MMX formulation is different. Indeed, its poor bioavail-
ability has been further reduced by the MMX technology. In healthy volunteers, the 
estimated mean absolute bioavailability of a single dose (two 200 mg tablets) of 
rifamycin SV-MMX was 0.04% under fasting conditions [80]. Quantifiable 
(>2.00 ng/mL) rifamycin SV plasma concentrations were reported infrequently and 
were randomly distributed following single and multiple (400 mg twice daily for 
3 days) doses of rifamycin SV-MMX. Indeed, plasma concentrations never exceeded 
10 ng/mL following multiple doses. Urinary excretion of rifamycin SV was negli-
gible, whereas the total elimination of the unchanged rifamycin SV with feces rep-
resented 87% of the administered oral dose [80].

Rifamycin SV-MMX is currently approved in the USA and some European 
countries for the treatment of travelers’ diarrhea caused by noninvasive strains of 
Escherichia coli in adults, but it is not recommended for use in patients with diar-
rhea complicated by fever and/or bloody stools or due to pathogens other than non-
invasive strains of E. coli [78]. Rifamycin SV-MMX was well tolerated in this 
patient population, with the overall incidence of adverse effects overlapping that of 
placebo [78].

Since the MMX formulation releases rifamycin SV mainly into the distal colon, 
the region most commonly affected by diverticula, its use in SUDD may be worth-
while. While a preliminary study [81] showed some benefit in the treatment of acute 
uncomplicated diverticulitis, no data are available for rifamycin SV-MMX so far in 
patients with SUDD, in whom a randomized clinical trial is planned.

18.7  Rifaximin Efficacy in SUDD

Numerous trials with rifaximin in patients with SUDD have been reported in Italy 
and several European and South American countries since the first trial in 1992 [82]. 
Their results will be reviewed here.

18.7.1  Rifaximin in Combination with Dietary Fibers

In a double-blind, placebo-controlled, randomized clinical trial (RCT) [83], as well 
as in open studies (for review, see [8]) and their meta-analyses [9, 84], the combina-
tion of rifaximin and (soluble or insoluble) fibers was more effective in reducing 
symptoms in patients with SUDD than fibers alone (Fig. 18.8). As the number needed 
to treat (NNT) was found to be three [9], the treatment is clearly cost-effective.

The combination of rifaximin (administered for 7–10 days, every month) and 
soluble fibers such as konjac glucomannan (a plant extract capable of absorbing up 
to 200 times its weight in water [85]) was highly effective in treating SUDD, a find-
ing confirmed in real-life studies from both gastroenterology and general practice 
[86–88]. In a real-life study [87], after 3 months of cyclic rifaximin, the severity of 
symptoms markedly decreased and as many as 75% of patients were free from 
abdominal pain. In a subgroup of patients, in whom the symptom pattern suggested 
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the presence of diverticulitis, inflammatory indexes were measured and found to 
significantly decrease after treatment (Fig. 18.9).

Besides soluble fibers, diet supplementation with bran (at least 20 g daily) has 
also been tried. In both studies [16, 89], administration of rifaximin improved the 
benefits of dietary fiber, likely by preventing its bacterial degradation. However, like 
in IBS [90, 91], both the efficacy and tolerability of soluble fibers seem superior to 
those of insoluble fibers.

The durability of response has been demonstrated as well, including up to 8 years 
in one retrospective study [92]. However, the underlying pathophysiology of diver-
ticulosis remains, and SUDD seems be a chronic relapsing disorder, similar to SIBO 
[93]. A cyclical (typically 7–10 days a month) treatment with rifaximin has been 
found effective. In patients who responded to the initial treatment, this therapy was 
able to maintain remission and prevent recurrences [94].

Chocrane RD (random effect)

Papi 1992

Papi 1995

Latella 2003

Colecchia 2007

0.1 0.2

Pooled RD = 0.29 (95% CI = 0.245 to 0.336)

RD = Rate difference (with 95% confidence intervals)

0.3

NNT = 3

0.4 0.5

Fig. 18.8 Efficacy of 
rifaximin for symptom 
relief in SUDD: meta  
analysis of RCTs (from 
Bianchi et al. [47])

Basal Values After 3 Month Therapy

Normal

Elevated

Normal

Elevated

Normal

Elevated

Normal

Elevated

46%

54%

45%

55%

11%

89%

Low

Normal

Normal

Elevated

Elevated

Low

97%

1%

2%

89%

2%

10%

36%

64%

p<0.001

p<0.001

p<0.001

Leucocytosis

Leucocytosis

ESR

ESR

CRP

CRP

ESR= Erythrocyte Sedimentation Rate CRP= C Reactive Protein

Fig. 18.9 Effect of cyclic rifaximin on inflammatory parameters in patients with SUDD: A Polish 
real-life study (from Moniuszko & Rydzewska [87])

C. Scarpignato and N. Stollman



221

Both the GRIMAD (Italian Group for the Study of Diverticular Disease) consen-
sus [95] and the SICCR (Italian Society of Colon and Rectal Surgery) [96] guide-
lines point out the benefit of long-term cyclic administration of rifaximin (in 
combination with soluble or insoluble fibers) in providing symptom relief for 
patients with SUDD, a recommendation shared by the Mexican [97], Danish [98], 
Polish [99], and Romanian [100] (but not German [101]) guidelines.

18.7.2  Rifaximin Alone

Although rifaximin has historically been administered in combination with dietary 
fiber supplements, one recent trial [102] has found that rifaximin alone (800 mg/
day, 10 days a month) was more effective than dietary fibers in improving symp-
toms and quality of life in patients with SUDD.

18.7.3  Rifaximin in Combination with Prebiotics

In addition to fibers, the benefits of rifaximin–prebiotic treatment have also been 
recently reported in an investigation [103] evaluating the effectiveness of combined 
therapy with rifaximin and arabinogalactan–lactoferrin in symptom relief in patients 
with SUDD. After 6 months of combined treatment, there was a statistically signifi-
cant reduction in the total severity score and improvement in each symptom score. 
Stool frequency normalized in all patients, regardless of the pretreatment bowel 
habits (diarrhea, constipation, or alternating bowel). As many as 31.7% had com-
plete symptom resolution.

18.7.4  Rifaximin in Combination with Probiotics

Compared with antibiotic treatment, probiotics are less invasive and provide a more 
physiological approach to the treatment of microbial dysbiosis in patients with diver-
ticular disease. Despite these potential benefits, the available evidence for the effi-
cacy of probiotics in treating SUDD is limited [13]. Their use as adjunct treatment 
is however an attractive option. For instance, in a double-blind, placebo- controlled 
RCT [104], the combination of Lactobacillus casei DG and mesalazine (administered 
10 days a month for 12 months) was able to maintain remission in almost 100% of 
patients with SUDD. However, administration of a probiotic (i.e., a live microorgan-
ism that, when administered in adequate amounts, confers a health benefit on the 
host [105]) together with an antibiotic could be counterproductive, unless bacteria are 
resistant to the antibiotic in question. This is the case of Bifidobacterium longum W11 
[106], which displays a nontransmissible antibiotic resistance, due to a nucleotide 
polymorphism mutation in the rpoB gene, making it resistant to antibiotics of the rifa-
mycin group, including rifaximin [107]. Administration of this probiotic with rifaxi-
min to patients with SUDD resulted in better symptom improvement (particularly 
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stool consistency) compared to that seen with the antibiotic alone [108]. The report 
was a retrospective one, with the intrinsic bias related to these types of studies. As a 
consequence, a well-designed, prospective trial is needed to confirm these prelimi-
nary results and to establish whether B. longum W11 can represent a useful adjuvant 
to rifaximin in the treatment of SUDD. Other single-strain or multistrain probiotics 
could be used following rifaximin treatment [109] to further improve the gut micro-
biota [110] and to prevent colonization with resistant bacteria [111], if any [112]. 
Although widely adopted in clinical practice, this biologically plausible and poten-
tially useful approach has not yet been subjected to the scrutiny of a long-term clinical 
trial and should therefore not be considered as evidence-based.

18.7.5  Rifaximin in Combination with Mesalazine

Mesalazine is endowed with well-known anti-inflammatory activity [113] and also 
beneficial effects on the gut microbiota [114], which can synergize with those of 
rifaximin. In this connection, an open trial [115] explored the effectiveness of this 
combined treatment. All patients were administered 800 mg/day of rifaximin plus 
2.4  g/day of mesalazine for 10  days, followed by 1.6  g/day of mesalazine for 
8 weeks. At the end of the treatment, 78% of patients were completely asymptomatic.

18.7.6  Rifaximin for Primary Prevention of Acute Diverticulitis

Progression from SUDD to diverticulitis is uncommon because the disease course 
is often benign. In a prospective, long-term study [116], 97% of patients with SUDD 
had mild or no symptoms after a median follow-up of 66 months and only 2.5% of 
patients developed acute diverticulitis. Prevention (both primary and secondary) of 
acute diverticulitis is challenging. Although studies on medical therapies to reduce 
the occurrence and recurrence of diverticulitis are available, most of them are of 
poor quality and management is often empirical rather than evidence-based.

Two meta-analyses [9, 84] found that rifaximin in combination with fibers is 
more effective than fibers alone in preventing acute diverticulitis, a trend that is also 
observed in daily clinical practice [92]. However, the cost-effectiveness of rifaximin 
in this indication was quite low (NNT 59) [9].

18.7.7  Rifaximin for Secondary Prevention of Acute Diverticulitis

After an episode of acute diverticulitis, patients might present with recurrent or smol-
dering diverticulitis, stricture, and fistula and often develop chronic gastro- intestinal 
and non-gastrointestinal symptoms [117]. For example, one study found that, after a 
follow-up of 1 year, 40% of patients with CT-confirmed acute diverticulitis com-
plained of mild-to-moderate abdominal pain and/or changes in bowel habits [118]. In 
a retrospective analysis of patients over an average follow-up period of 6.3 years, 
patients with acute diverticulitis had a 4.7-fold increased risk of being subsequently 
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diagnosed with IBS [119]. The infection-associated gut dysbiosis and the resulting 
chronic low-grade mucosal inflammation might underlie this post- diverticulitis IBS 
(more appropriately termed as ‘post-diverticulitis syndrome’), which has a patho-
physiology similar to that of postinfection IBS [120]. The overall risk of acute diver-
ticulitis recurrence is ~36% at 5 years [121]. Recurrence usually occurs <12 months 
after the initial episode, and the risk of complications is extremely low [122]. Several 
strategies have been applied to prevent recurrence of diverticulitis.

In a proof-of-concept study [123], the combination of cyclic rifaximin treatment and 
fiber supplements reduced the risk of diverticulitis recurrence in patients in remission 
(HR 2.64, 95% CI 1.08–6.46), a trend later confirmed in an observational study [124] 
(Table 18.1). Due to the intrinsic limitations of both studies, the current evidence favor-
ing rifaximin use is low. An international, multicenter RCT [125] with a new rifaximin 
formulation (extended intestinal release) for secondary prevention of acute diverticulitis 
was initiated, but—due to the extremely slow recruitment rate—the study was sus-
pended. However, an interim analysis is being conducted and the results are awaited.

A combination of mesalazine and rifaximin (both administered 7 days per month 
for 12 months) has also been tried in this clinical setting and seems to be more effec-
tive than rifaximin alone in the resolution of symptoms and prevention of diverticu-
litis (recurrence rate of 2.7 versus 13.0%, respectively, at the end of follow-up, 
Fig.  18.10) [126]. Furthermore, normalization of the inflammatory indices was 

Table 18.1 Rifaximin for Secondary Prevention of Diverticulitis: Comparison of an Observational 
Study and a RCT (from data in Festa et al. [122] and Lanas et al. [121])

Studies Year N

Anticipated absolute effect
Difference 
(95% Cls)

HR (vs Mesalazine) or 
RR (vs Placebo)

Without 
rifaximin

With 
rifaximin

Festa 
et al.

2017 124 19% 5% −14
(−14 to +3)

0.27

Lanas 
et al.

2013 167 19% 10% −9
(−17 to −5)

0.54

0
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Therapy
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Fig. 18.10 Prevention of 
recurrent diverticulitis: 
efficacy of rifaximin alone 
or rifaximin plus 
mesalazine (redrawn from 
Tursi et al. [124])
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faster with the combined treatment. Although rifaximin use can be considered 
promising, the AGA guidelines do not consider the available evidence to be suffi-
cient to recommend its use for the secondary prevention of diverticulitis [127].

18.7.8  Which Rifaximin?

All the studies in patients with SUDD have been performed using branded rifaximin 
formulations. The active ingredient contained in all rifaximin-based, brand name, 
medicinal products has been always characterized as a crystalline powder. Indeed, 
the European Pharmacopoeia, under the section Characteristics, specifically states 
“appearance: red-orange hygroscopic powder…”. The same monograph states that 
rifaximin is endowed with crystalline polymorphism. Currently, five polymorphic 
forms of rifaximin, designated as α, β, γ, δ,  and ε, have been identified. They are 
all rifaximin hydrates, characterized by different water content [128]. A noncrystal-
line form, designated as amorphous rifaximin, can also be generated through modi-
fications of the synthetic and/or purification processes.

Amorphous or crystalline forms, despite containing the same active ingredient, 
may display extremely different chemical, physical, and mechanical properties (for 
instance, solubility and bioavailability, hygroscopicity, chemical stability, hardness, 
etc.), with remarkable impact on their respective utilization, manipulation, and 
absorption. In addition, possible interconversions among different polymorphs can 
seriously impact the maintenance of the prespecified characteristics of a given prod-
uct (for instance, therapeutic efficacy in the case of drugs) [129, 130]. In particular, 
by virtue of variations of some parameters (such as, for instance, pressure and rela-
tive humidity), a metastable form can be converted into a more thermodynamically 
stable form or an anhydrous crystalline form can be converted into a hydrated crys-
talline form by adsorption of aqueous vapor from the environment. In some 
instances, the conversion of a crystalline form into another form can result in dra-
matic variations of the original properties [129, 130].

The different chemical–physical properties of polymorphs (stability, chemical 
reactivity, dissolution rate, and solubility) can considerably modify the bioavailabil-
ity of every molecule (thus, affecting its pharmacokinetic and pharmacodynamic 
properties). Differences in solubility of the various crystalline and amorphous forms 
of rifaximin result in variations of their pharmacokinetics. Indeed, a study con-
ducted in dogs showed that the systemic absorption of polymorphs α and β is neg-
ligible, that of polymorph ε is six-fold higher, and that of polymorph γ is 400-fold 
higher [128]. The amorphous form was evaluated in healthy volunteers, and its AUC 
values documented a 5–6-fold higher systemic absorption than rifaximin-α [131].

Taking all the above-mentioned data into consideration, it is conceivable that the 
pharmacokinetic profiles of generic formulations, which cannot contain rifaximin-α 
because of patent infringement, differ from those of the branded formulations. 
Indeed, patents covering the synthesis and pharmaceutical utilization of rifaximin 
polymorphs will expire in 2023. Generic formulations might thus contain the amor-
phous form, a different crystalline form, or a mixture of different polymorphs. In the 
latter setting, systemic absorption would be fully unpredictable. In a study 
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comparing a generic and the branded formulation [132], most pharmacokinetic 
parameters were significantly higher after administration of generic rifaximin than 
those after rifaximin-α. In particular, the differences for Cmax, AUC, and cumulative 
urinary excretion between the generic formulation and the branded product ranged 
from 165% to 345% [132] (Fig. 18.11). As a consequence, generic rifaximin does 
not possess the features of a poorly absorbed antibiotic.
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As the polymorph content is related to the manufacturing process, the same con-
siderations should be applied to those medicinal products containing rifaximin, 
whose origin of the active ingredient is different from that of the molecule contained 
in the branded formulations (Normix™, Spiraxin™, Xifaxan™, and Flonorm™). In 
some South American countries (Argentina, Colombia, Venezuela, and Peru) as 
well as in India and China, there are branded formulations of rifaximin whose sum-
mary of product characteristics (SPC) provides no clear information about the spe-
cific crystal structure of the active ingredient.

In any event, from a pharmacokinetic standpoint, none of the other rifaximin 
polymorphs (with the exception of the crystalline form β) can be regarded as a 
poorly absorbed antibiotic. As a consequence, their systemic absorption (which 
is however difficult to estimate) would not ensure the same safety in terms of 
both adverse effects and development of extra-gastrointestinal bacterial resis-
tance [62, 64, 133]. It is also important to emphasize that the branded formula-
tions, employed in all clinical studies (both pre-registration and post-marketing), 
contained a crystalline active ingredient with dissolution and pharmacokinetic 
profiles overlapping those of polymorph-α known to be contained in the cur-
rently marketed formulation. For these reasons, the results obtained with the 
crystalline form α cannot be extended to the other polymorphs or the amorphous 
form. Therefore, clinical studies of therapeutic equivalence are required to docu-
ment the actual interchangeability of different rifaximin formulations [134]. 
Indeed, the FDA guidelines on this antibiotic [135], recently revised, have rec-
ommended that the bioequivalence of generic formulations be evaluated by 
means of clinical studies based on a specific end point in patients affected by 
traveler’s diarrhea.

18.8  Summary and Conclusions

Colonic diverticulosis is an increasingly prevalent condition worldwide. A signifi-
cant subset of patients with diverticulosis will develop SUDD and a smaller por-
tion acute diverticulitis. SUDD is an increasingly recognized (although still likely 
underdiagnosed) condition that causes significant morbidity [1]. Unfortunately, it 
is also undertreated, but we have been heartened by recent interest in pharmaco-
logical approaches targeting the gut microbiome with poorly absorbed antibiotics, 
mesalazine, and/or probiotics. Although there is a reasonable body of data sup-
porting these approaches in SUDD, there remains much work to be done to more 
precisely define the agents, regimens, and patients most appropriate for this treat-
ment. In particular, it should be established in which patients rifaximin is the most 
suitable approach and in which mesalazine could be preferable. Moreover, those 
patients, who can benefit most from the combined approach, should be identified 
in well-designed RCTs.
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19Anti-inflammatory Agents

Wolfgang Kruis and Mauro Bafutto

19.1  Background

Among the options available for treating diverticular disease, anti-inflammatory 
agents have been widely established. The pharmacological armamentarium com-
prises directly acting compounds such as mesalazine (5-aminosalicylic acid) and 
indirectly acting strategies including changes in the intestinal microbiome by anti-
microbial agents, probiotics, prebiotics, and diets. The focus of this chapter is on 
mesalazine for the treatment of uncomplicated diverticular disease and 
diverticulitis.

The emphasis is on appropriate indications of mesalazine in the complex field of 
diverticular disease with regard to the ongoing discussion on varying definitions and 
types. Another aspect addressed here is the question regarding which type of anti- 
inflammatory therapy with mesalazine is supposed to be implemented. Although 
other chapters of this book describe the pathogenesis in more detail, the following 
section makes a clear point on two types of inflammation in diverticular disease, 
which may be targeted by mesalazine application, overt (macroscopic) inflamma-
tion in diverticulitis, and “low-grade inflammation” in symptomatic uncomplicated 
diverticular disease (SUDD), which cannot be diagnosed with colonoscopy but only 
with molecular and histological methods.
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19.2  Inflammation in Diverticular Disease

By definition, asymptomatic diverticulosis is unrelated to any signs of inflamma-
tion. In this context, no signs of inflammation should be detected, both at endo-
scopic and also at histological assessments. Overt mucosal inflammation associated 
with diverticula may occur and is defined as segmental colitis associated with diver-
ticulosis (SCAD). In fact, on a microscopic/molecular level, a study of more than 
600 individuals undergoing screening colonoscopies with biopsies found no asso-
ciation between diverticulosis and levels of immune markers or cytokines impli-
cated in inflammatory processes [1]. To conclude, diverticulosis does not show 
inflammation.

A different scenario may be observed in patients with diverticular disease defined 
as symptoms and/or complications in the presence of diverticula [2]. While overt 
inflammation is well defined in both uncomplicated and complicated diverticulitis, 
SUDD is still a matter of debate. SUDD is characterized by nonspecific symptom-
atic attacks, mainly abdominal pain, but no macroscopic evidence of an inflamma-
tory process exists. Several authors refer to SUDD as “IBS with diverticulosis.” 
However, these studies did not investigate whether patients who later developed 
diverticulitis or recurrent diverticulitis had subclinical mucosal or systemic 
inflammation.

Others are convinced that IBS and SUDD are different clinical entities, as shown 
by clinical data currently available. IBS and SUDD do not share the same epidemi-
ology, but share a part of their clinical features, and patients with SUDD do not 
generally fulfill the (Rome) IBS criteria. Moreover, abdominal pain (left lower 
abdominal pain) lasting for more than 24 h characterizes SUDD and diffuse and 
short-lived abdominal pain characterizes IBS, and this discriminates patients with 
SUDD from those with IBS [3].

How low-grade inflammation in symptomatic diverticular disease develops is 
still an unresolved question. Dysbiosis has been hypothesized to be a trigger of 
symptoms in people with diverticulosis. Alterations in the microbial ecosystem 
have been described. Moreover, pilot studies found that SUDD patients have dys-
biosis when compared with patients with simple diverticulosis, and this dysbiosis 
also seems to influence the host metabolome [3].

Many of the risk factors for diverticulitis, such as a low-fiber diet, high red meat 
consumption, obesity, smoking, and physical inactivity, which are also risk factors 
for both cardiovascular diseases and diabetes mellitus, are found to alter the intesti-
nal microbiota and thus to be associated with chronic, low-grade inflammation. 
Thus, chronic inflammation might be the underlying mechanistic link between diet 
and lifestyle factors and diverticulitis [4].

Nearly 20 years ago, Narayan and Floch found a significant inflammatory infil-
trate in SUDD patients compared with healthy controls [5]. Tursi and Elisei assessed 
both neutrophilic and lymphocytic infiltrates in SUDD, acute uncomplicated diver-
ticulitis (AUD), and healthy controls. While the neutrophilic inflammatory infiltrate 
was found only in AUD, the mean lymphocytic cell density was significantly higher 
in SUDD than in asymptomatic diverticulosis and controls [6].
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An enhanced expression of TNF-α, a proinflammatory cytokine, plays a key role 
in the pathophysiology of chronic inflammatory diseases including IBD and rheu-
matoid arthritis. Mucosal expression of TNF-α was higher compared to healthy 
controls not only in patients suffering from acute uncomplicated diverticular disease 
but also in those suffering from SUDD. These results were confirmed by others 
who, in addition, found TNF-α expression to be significantly higher in SUDD than 
in asymptomatic diverticulosis. Surprisingly, several research groups demonstrated 
higher expression of IL-10, an anti-inflammatory cytokine. It was hypothesized that 
this unexpected activation of an anti-inflammatory reaction might be an attempt by 
the immune system to control the low-grade inflammation. This finding matches 
well with the inverse expression of prostaglandin E2 in the colonic mucosa between 
acute diverticulitis and IBD. Prostaglandin E2 is the dominant prostaglandin in the 
colon, is associated with colonic inflammation, and also exhibits a protective mech-
anism in the mucosa of the gastrointestinal tract. Lower prostaglandin E2 levels 
may decrease the normal protection of the mucosa, which makes it more susceptible 
to luminal insults, thus creating a permissive environment for the development of 
acute diverticulitis [7].

These research results indicate that SUDD may be associated with “low-grade 
inflammation” in macroscopically unaltered colonic mucosa. Thus, currently, there 
is growing evidence for a differentiation between asymptomatic diverticulosis, IBS, 
and SUDD. The challenge is to present a clinical biomarker, which can be used as a 
real-world marker for diagnosis.

Fecal calprotectin (FC) has been shown in early studies to be a useful marker 
of inflammatory activity in IBD. FC is a cytoplasmic antimicrobial compound. It 
is released from intestinal granulocytes, monocytes, and macrophages during cell 
activation or death. Investigations, including a case–control study have described 
higher FC values in AUD and SUDD than in healthy controls and patients 
with IBS.

In conclusion, FC may be a useful tool in the detection of “low-grade inflamma-
tion” in the colon harboring diverticula, thus distinguishing between symptoms 
originating from diverticular inflammation and IBS overlapping diverticulosis [7]. 
However, additional studies are certainly needed.

19.3  Mode of Action of Mesalazine

The story of 5-aminosaliciylic acid (5-ASA) starts with Nana Svartz who published 
anti-inflammatory effects in rheumatoid arthritis late in the 30s in the previous cen-
tury. While 5-ASA was initially only applied as a double molecule linked to sulfa-
pyridine (sulfasalazine), it was not earlier than 1979 that Azad Khan and Truelove 
described the anti-inflammatory effects of 5-ASA monotherapy to treat IBD, and 
thereafter 5-ASA was referred to as mesalazine (Amer. mesalamine).

Mesalazine is a mainstay of anti-inflammatory therapy in IBD. Although the 
clinical effects of mesalazine in diseases with overt mucosal inflammation of the 
intestines are well known, a specific mode of pharmacological action has not yet 
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Fig. 19.1 Proposed mechanism of action of mesalazine at the colonic mucosa [mod 8]

been identified. Plurality of described effects have posed the hypothesis that 
mesalazine acts rather via a network of unspecific activities than through single 
effects.

Well-confirmed pharmacological actions comprise inhibition of cyclooxygen-
ase and lipoxygenase pathways, targeting the peroxisome proliferator-activated 
receptor- g, and antioxidative properties [8] (Fig.  19.1). Other mechanisms that 
may be particularly related to the status of low-grade inflammation include inter-
ference with proinflammatory cytokines via decreasing the activity of nuclear 
factor κB (NF-κB) and inhibition of tumor necrosis factor (TNF), as well as effects 
on cellular functions of mucosal lymphocytes, macrophages, and natural killer 
cells [9].

In addition to its established anti-inflammatory properties, mesalazine is dis-
cussed to have a variety of alternative effects, such as antineoplastic, microbial, and 
pain-alleviating activities. A placebo-controlled proof-of-concept study analysis of 
mucosa biopsies from patients under mesalazine showed inhibition of histamine 
and tryptase mediators, which play a key role in visceral pain perception. These 
molecular findings were related to improvements in the general well-being and 
reduction of abdominal pain [10]. A placebo-controlled trial in acute uncomplicated 
diverticular disease revealed significant beneficial effects on pain [11].

In summary, possible effects on the pathophysiology of low-grade inflammation 
and on pain make mesalazine a promising candidate for treatment of symptomatic 
uncomplicated diverticular disease (SUDD).

19.4  Clinical Evidence of Therapeutic Effects of Mesalazine 
in Uncomplicated Diverticular Disease, SUDD, 
and Uncomplicated Diverticulitis

The aims of therapy with mesalazine are to alleviate symptoms in acute uncompli-
cated diverticular disease and SUDD. Asymptomatic disease should be maintained 
by preventing the occurrence of new symptomatic episodes and progression toward 
diverticulitis.
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19.5  Symptom Improvement in (Sub) Acute Uncomplicated 
Diverticular Disease

Several open-label studies have shown the beneficial effects of mesalazine in SUDD 
[12]. One of the first publications about its use in SUDD was a case series by 
Brandimarte and Tursi (2004) who studied 90 consecutive patients with SUDD. The 
patients were treated with 800 mg/day of rifaximin plus 2.4 g/day of mesalazine for 
10 days, and then with 1.6 g/day of mesalazine for 8 weeks. The results showed a 
statistically significant decrease in the symptom score and 77.78% of the patients 
were completely asymptomatic after the eighth week of treatment with mesala-
zine [13].

Moreover, three randomized controlled trials studied the improvement of symp-
toms in (sub) acute uncomplicated diverticular disease. A placebo-controlled 
4-week study comparing mesalazine 1000 mg t.i.d. described favorable effects on 
pain [11]. Another RCT lasting for 12 weeks compared two doses of mesalazine 
with two doses of rifaximin. In all groups, favorable results were achieved. Results 
of mesalazine 1600 mg/day were significantly superior to rifaximin [14]. A trial 
with a similar design but longer follow-up confirmed these results. Again, mesala-
zine demonstrated superior effects over rifaximin [15].

19.6  Maintaining Long-Term Symptom Relief 
in Symptomatic Uncomplicated Diverticular 
Disease (SUDD)

Several systematic reviews and meta-analyses include trials that describe the main-
tenance of remission in patients with a diagnosis of SUDD [16–18]. Study end 
points were symptoms after at least 12 months and comparison of the symptoms 
with a control group.

Picchio et al. [16] conducted a systematic review seeking to identify only con-
trolled and randomized studies in SUDD with mesalazine. They analyzed seven 
articles, of which four studies spanned at least a time between 12 and 48 months. A 
placebo-controlled study comprised four arms of cyclicity (10  days/month) that 
were administered mesalazine (1.6 g/day), or Lactobacillus casei subsp. DG (24 
billion/day), or Lactobacillus casei subsp. DG (24 billion/day) plus mesalazine or 
placebo. After 12 months, relief from symptoms was achieved in 93.3% patients 
with mesalazine compared to 54.0% under placebo [19].

Ianonne et al. [18] systematically reviewed the evidence of mesalazine versus all 
other treatments in patients with diverticular disease. The analysis included 13 
RCTs, of which 6 were related to the maintenance of SUDD. According to PRISMA 
and GRADE, they confirm the results of the study by Picchio et al. [16], thus con-
cluding that mesalazine may improve quality of life in symptomatic uncomplicated 
diverticular disease (SUDD) and patients’ symptoms in diverticular disease. Both 
meta-analyses indicate the problem of limited quality of the trials analyzed.
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19.7  Preventing the Progression from SUDD to Diverticulitis

There are only few studies on the course of SUDD and the risk of developing acute 
diverticulitis. Outcomes of SUDD up to 5 years of follow-up are known from three 
studies [20]. It is most likely that extremely different methodological approaches 
generated a wide range of occurrences of diverticulitis in patients with SUDD, rang-
ing from 1.7 to 10.4%.

A recent retrospective cohort study analyzing outcomes during the natural course 
of SUDD (not scheduled, but only sporadic treatments according to the discretion 
of the attending physicians) has included 185 SUDD patients as diagnosed by strin-
gent criteria. The patients were followed up for a median time of 156  months 
(91–171). The follow-up identified 14 patients with acute diverticulitis; about half 
of them occurred between 2 and 4 years after the SUDD diagnosis. In all, 6 cases 
experienced uncomplicated disease and eight cases developed requiring surgical 
resection in six patients with an overall mortality of two cases (peritonitis) [20].

The meta-analysis [18] could not find a significant difference in the likelihood of 
developing acute diverticulitis in SUDD between mesalazine and control interven-
tions, but the risk calculation was in favor of the active treatment (3 trials, 484 par-
ticipants, RR = 0.26, 95% CI 0.06–1.20).

The results of a four-arm, placebo-controlled trial are particularly interesting 
[19]. Acute diverticulitis occurred in seven (3.1%) of the analyzed patients during 
12 months of follow-up: six patients were in the placebo group, no patient under 
mesalazine developed diverticulitis, and one patient receiving placebo underwent 
surgery due to free perforation.

In conclusion, development of acute diverticulitis in patients suffering from 
SUDD is a rare event. Some results indicate that this risk may be prevented by 
therapy with mesalazine, but further studies are needed to provide reasons for any 
recommendations.

19.8  Mesalazine for Acute Uncomplicated Diverticulitis

The aims of treatment in this clinical situation are resolution of inflammation and its 
symptoms to avoid worsening toward complicated diverticulitis and to prevent sur-
gical interventions. The background for the concept of treatment of diverticulitis 
with mesalazine is its undoubtedly beneficial effectiveness in other inflammatory 
diseases such as IBD.

Unfortunately, there is a paucity of trials. If only studies using stringent inclusion 
criteria are considered (e.g., imaging methods such as computed tomography or 
ultrasound), then two studies can be quoted. In a single-center, retrospective, con-
trolled cohort study, patients admitted to the surgical department (n = 50) received 
mesalazine 3.2 g/day or standard treatment [21]. A nonsignificant trend for a faster 
decrease in CRP and a shorter hospital stay under mesalazine was observed.

A recent meta-analysis [18] has mentioned only one RCT [22]. This RCT [22] 
compared the effects of three treatments for 12 weeks: mesalazine, mesalazine plus 
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probiotics, and placebo. The end point was the global symptom score. The trial 
failed to show significantly different effects after 10 days and 12 weeks between 
patient groups.

To conclude, on the basis of the currently available evidence, mesalazine cannot 
be recommended for treatment of acute uncomplicated diverticulitis.

19.9  Mesalazine for Prevention of Relapses of Acute 
Uncomplicated Diverticulitis

The rationale of 5-ASA therapy for the control of symptoms and prevention of the 
recurrence of diverticulitis could be because of the presence of mild chronic inflam-
mation in diverticular disease, which may be the cause of diverticulitis and its recur-
rence. However, the results of studies on the use of mesalazine to prevent recurrence 
of AUD are conflicting. There are difficulties in reaching conclusions about this 
account of heterogeneous studies with differences in doses, formulations, time of 
use of medication, and association of drugs.

Qualified, double-blind, placebo-controlled studies were performed. Some stud-
ies have shown improvement in symptoms and quality of life. However, most stud-
ies have shown no statistically significant difference in the use of mesalazine 
compared to placebo [22–25] (Table 19.1).

Table 19.1 Double-blind, placebo-controlled studies for mesalazine in recurrent diverticulitis

Authors Intervention
Results Results
Time; relapse rates p

Parente 
[23]

Mesalazine retard tablets 
800 mg b.i.d.
Placebo

24 month: 13.3% /27.7 % p = 0.10

Stollman 
[22]

Eudragit L 2.4 g od
Placebo

3 month + 9 month follow 
28.1%/31.0%

p > 0.05

Raskin 
[24]

MMX 1.2 versus placebo 24 month; free of recurrence

Prevent 1 (Prevent2)
Placebo 64.6% (67.6%)
1.2 g od 62.2% (62.8%) p = 0.78 

(0.36)
2.4 g od 62.9% (59.2%) p = 0.74 

(0.15)
4.8 g od 52.7% (69.1%) p = 0.04 

(0.77)
Kruis [25] Mesalazine granules SAG 37 (SAG 51)

12 month (24 month)
Placebo 11.9% (21.0%)
1.5 g od – (17.2%) – (0.36)
3.0 g od 18.3% (20.0%) 0.69 (0.95)
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A recent systematic review and meta-analysis has included eight randomized 
controlled trials with a variety of dosing regimens and the use of concomitant pro-
biotics. 5-ASA compounds were not superior to controls for preventing recurrent 
attacks (RR 0.86, 95% CI 0.63–1.17) [26].

Therefore, to conclude based on these studies, mesalazine does not present evi-
dence as an effective treatment for preventing the recurrence of acute uncompli-
cated diverticulitis.

19.10  Safety of Mesalazine

Mesalazine has been on the pharmacy market throughout the world for more than 
30 years. Although it has been indicated on several occasions to treat various condi-
tions, it is in the context of the treatment of inflammatory bowel disease that the data 
on safety are recorded.

5-ASA is generally well tolerated, and the most common side effects include 
headache, nausea, and abdominal pain [27]. A French pharmacovigilance study of 
mesalazine (Pentasa) reported between 6.6 and 9.0 adverse events per million treat-
ment days over a 2-year period [28]. A British pharmacovigilance study of mesala-
zine (Asacol, Pentasa, or Salofalk) over an 8-year interval identified 393 adverse 
events per million prescriptions for mesalazine [29].

Loftus et  al. published a systematic review about the short-term adverse 
events of 5-aminosalicylic acid agents in the treatment of ulcerative colitis. A 
total of 46 randomized trials of oral mesalazine, olsalazine, or balsalazide for 
the treatment of active disease or for the maintenance of remission were 
included. They concluded that all three 5-aminosalicylic acid agents are safe in 
the short term. In mesalazine- treated patients, the frequencies of adverse events 
or withdrawals due to adverse events were comparable with those in placebo-
treated patients [30].

Seghal et al. (2018), in a systematic review, evaluated the safety of mesalazine in 
ulcerative colitis. An electronic search was performed without language restrictions 
using the PubMed database from inception up to 1 December 2017. A total of 91 
articles were included, pointing to some adverse events that were not related to drug 
dosage but possibly linked to hypersensitivity: pancreatitis, cardiotoxicity, hepato-
toxicity, musculoskeletal complaints, respiratory symptoms, nephropathies, and 
sexual dysfunction. The main concern was about renal adverse effects (interstitial 
nephritis 0–1%, renal failure 0–0.2%, and proteinuria 0.3%). They recommended 
checking creatinine levels prior to starting treatment and rechecking them yearly 
while on treatment.

In conclusion, they reported that patients on mesalazine should be monitored for 
worsening of ulcerative colitis and development of new-onset organ dysfunction. 
High-dose mesalazine seems to have similar safety profile as that of low dose and is 
not associated with greater risks of adverse events [31].
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19.11  Summary and Conclusions

Anti-inflammatory activities and effects on symptoms like pain are the pharmaco-
logical properties of mesalazine, which promise therapeutic effectiveness in diver-
ticular disease and diverticulitis. In fact, the current evidence confirms the favorable 
effects of mesalazine in inducing symptom relief in acute uncomplicated diverticu-
lar disease and in maintaining remission in SUDD. Owing to a lack of data on the 
prevention of development of diverticulitis in patients with SUDD, the clinical reso-
lution of inflammation in acute diverticulitis cannot be properly analyzed. Long- 
term therapy with mesalazine is not able to prevent recurrences of diverticulitis.
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20.1  Introduction: The Role of the Gut Microbiota in Colonic 
Diverticular Disease

Diverticular disease is a common gastrointestinal disorder in the Western world. 
The clinical manifestation ranges from asymptomatic diverticulosis to symptomatic 
diverticular disease, simple (SUDD) or complicated (acute diverticulitis). Most of 
the cases (80%) are asymptomatic diverticulosis of the colon with a prevalence that 
increases with age. Symptoms of the simple forms are often not so specific and 
comparable to irritable bowel syndrome [1]. Many factors can contribute to the 
development of patients’ symptoms such as inflammation, changes in gut microbi-
ota composition, visceral hypersensitivity, and impaired colon motility. The gut 
microbiota plays a fundamental role in every phase of diverticular disease, from the 
initial simple asymptomatic form to the complicated symptomatic one. In this con-
text, probiotics can modify gut microbial homeostasis with health benefits [2]. In 
fact, probiotics can have anti-inflammatory properties, maintaining an adequate 
bacterial colonization of the gut, with promising effects in the treatment of diver-
ticular disease. In the last three decades, the value of the gut microbiota as a deter-
minant of human health and disease has progressively grown [3]. Alterations in gut 
microbiota composition have proved to be responsible for the pathogenesis of many 
gastrointestinal diseases, including simple symptomatic diverticular disease. 
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Probiotics can exert significant regulatory functions and provide relevant gut micro-
bial rebalance, thus reducing the inflammatory state, improving self-defenses 
against pathogens, and inhibiting the bacterial proliferation of the colon and the 
metabolism of pathogenic bacteria. In clinical practice, probiotics are useful for 
symptom control, reduction of blood markers of inflammation, and a more effective 
response to treatment. However, there are currently no “strong” and “standardized” 
recommendations for the use of probiotics in diverticular disease [3, 4], but more 
studies are needed to confirm these results.

In addition to a genetic predisposition to the development of colic diverticula, the 
risk factors for diverticular disease include a diet rich in refined foods (simple sug-
ars, fats, etc.) and low in water-soluble fiber (fruit, vegetables, etc.), obesity, smok-
ing, and reduction of intestinal motility and fecal volume with chronic constipation. 
These factors contribute to substantial changes in gut microbiota composition, lead-
ing to “dysbiosis”. The latter is characterized by a reduction of the “healthy” bacte-
rial flora and an increase of the “pathogenic” one, with the production of toxic 
substances for the intestinal mucosa, a greater exposure to invasion by pathogenic 
bacteria, and bacterial overgrowth. Furthermore, the reduction in fiber intake, a 
nutritional element for the intestinal microbiota, reduces the production of short- 
chain fatty acids (acetic acid, propionic acid, and butyric acid) and the gut barrier 
defenses and has a negative impact on immune system modulation (both local and 
systemic) [1]. In addition, intestinal dysbiosis is associated with alterations in gut 
motility, increase in intestinal permeability, exposure of the luminal bacterial anti-
gens, production of toxins, and activation of the immune system with release of 
proinflammatory cytokines.

Literature studies have tried to characterize the “dysbiosis” of patients affected by 
diverticular disease through microbiome genome-wide association studies, poly-
merase chain reaction (PCR), and analysis of colonic biopsies, showing alterations in 
gut microbiota composition with a prevalence of Fusobacterium, Clostridium, 
Bacteroides, Streptococci, and some strains of Bifidobacterium (such as 
Bifidobacterium animalis and Bifidobacterium longum) in patients’ stool. The detec-
tion of Bifidobacterium longum in PCR analysis of colonic mucosal biopsies reveals 
the deep disruption of the gut mucosa since it normally has anti- inflammatory prop-
erties in murine models of colitis. Typically, the healthy human gut microbiota com-
position is made up of Bacteroidetes, Proteobacteria, Firmicutes, Verrucomicrobia, 
and Actinobacteria. These bacteria produce short-chain fatty acids, increase the 
mucosal barrier, and control the immune system. Patients with diverticular disease 
showed a depletion of some Bacteroides strains such as Bacteroides fragilis, a reduc-
tion of Collinsella (Collinsella stercoris and Collinsella aerofaciens) with an over-
representation of Enterobacteriaceae (as Pseudomonas), and a consequential 
mucosal inflammation. Moreover, patients with diverticular disease showed a mild 
increase of Comamonadaceae (phylum Proteobacteria) and an overgrowth of 
Akkermansia muciniphila, but its significance has not yet been clarified. Akkermansia 
muciniphila is involved in mucus metabolism, and an overexpression in diverticular 
disease can explain the increased mucus production, a sign of colonic inflammation 
because mucus can act as a defense barrier of the colonic mucosa and mucin can act 
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as a metabolic substrate. With regard to fungi, patients with complicated diverticular 
disease show an enrichment of Microbacteriaceae and Ascomycota in colonic biop-
sies, confirming that the diverticulum microbiota can be different from the gut micro-
biota of the remaining intestinal mucosa [2–4]. Many studies supported the idea that 
the gut microbiota is involved in the progression of asymptomatic diverticulosis to 
diverticular disease and acute diverticulitis but not in diverticular pathogenesis. 
Interestingly, a recent study has reported that in a few cases, after fecal microbiota 
transplantation for Clostridium difficile infection, patients developed acute diverticu-
litis. This indicated the pivotal role of gut microbiota composition in the develop-
ment of acute phases of diverticular disease. On the contrary, Helicobacter pylori 
infection seems to be protective against the onset of diverticular disease from asymp-
tomatic diverticulosis.

Based on these findings, it is a shared opinion that modulation of the gut micro-
biota (which affects the turnover of the gastrointestinal epithelium, production of 
mucin, peristaltic activity, digestion of nutrients, pH, intestinal secretions, metabo-
lism of drugs, etc.) could be useful in a more effective prevention and treatment of 
symptomatic, simple, or complicated forms of diverticular disease [1, 2].

20.2  Probiotics: Which, When, and How

Probiotics are defined as “live” microorganisms that, when administered in ade-
quate quantities, can determine human health benefits (WHO definition). They are 
classified as single strains, multiple strains, or mixed with other substances. 
Probiotics are able to modulate the gut microbiota with positive effects on the gas-
trointestinal system. They protect against the invasion of pathogenic strains (by 
increasing the release of mucin and the production of short-chain fatty acids, by 
reducing intraluminal pH, or by contributing to the release of bacteriocin and defen-
sin antibacterial substances, etc.); some of them stimulate the formation of intercel-
lular epithelial junctions and adhesions (increasing zonuline, occludin, claudin-1, 
components of tight junctions), decreasing intestinal permeability and preventing 
bacterial colonization through competition with the adhesion sites of pathogens and 
with toxin receptors. Furthermore, probiotics are able to modulate the host’s inflam-
matory and immune responses. Literature studies have shown how the use of probi-
otics helps to stimulate T lymphocytes and natural killer cells, with the production 
of anti-inflammatory cytokines (for example, IL-10, TGF-beta) and with the reduc-
tion of proinflammatory cytokines (for example, IL-12, IL-14, TNF-alpha, INF- 
alpha etc.). Some probiotics modulate the immune response by inducing the 
development of T-regulatory lymphocytes (T-regs) and the secretion of IgA. There 
are several microorganisms currently used as probiotics. They are named starting 
from the genus (for example, Lactobacillus) and then from the species (for example, 
casei). It is possible to add the “strain” in the denomination, to be more specific. 
With regard to this, it is important to remember that the probiotic properties are 
characteristic of a single strain and cannot be extended to other bacteria even if they 
belong to the same species. Even more importantly, a specific probiotic is effective 
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in a specific disease and/or symptom but it cannot perform beneficial functions for 
all the other kinds of diseases for which it is not specific. Most probiotics are made 
up of Lactobacilli and Bifidobacteria, which are capable of producing lactic acid 
from various substrates (hence the name “lactic ferments”) [5, 6]. Yeasts such as 
Saccharomyces boulardii can also be a probiotic. Alternatively, some microorgan-
isms, such as Bacillus clausii, can be administered in the form of spores. The autho-
rization and the use of probiotics are now based on some criteria such as identification, 
safety, and efficacy profiles. Good probiotics have some requirements. For example, 
they must survive both gastric juice and bile, adhere to the intestinal mucosa and 
colonize it (for now, research on mucoadhesion molecules is limited only to 
Lactobacilli probiotics), be able to be well-defined in the strain and concentration, 
and there must be scientific evidence regarding the effective dose and therapeutic 
indications. Some probiotics for which beneficial properties have been recognized 
include Lactobacillus casei Shirota studied for the prevention of gastrointestinal 
disorders and the maintenance of a balanced intestinal bacterial flora; Lactobacillus 
acidophilus NCF01748 for the treatment of constipation and the prevention of diar-
rhea associated with radiotherapy; Lactobacillus johnsonii La1 for increasing 
immune defenses, easy adherence to human intestinal cells, rebalancing of the 
intestinal bacterial flora, and improvement of Helicobacter pylori gastritis; 
Lactobacillus rhamnosus GG for the prevention of antibiotic-associated diarrhea, 
the treatment and prevention of rotavirus diarrhea and acute diarrhea, the treatment 
of recurrent Clostridium difficile diarrhea, and the improvement of symptoms in 
Crohn’s disease. It has been well studied for intestinal immunity; it increases the 
number of IgA and other immunoglobulins in the intestinal mucosa. Moreover, 
Lactobacillus reuteri is effective in attenuating human inflammatory gastrointesti-
nal diseases (such as infantile colic or Helicobacter pylori infection) [7–9]. Other 
studied probiotics include Bifidobacterium bifidum for rotavirus diarrhea and the 
rebalancing of intestinal bacterial flora after viral diarrhea, and Saccharomyces bou-
lardii approved for the prevention of traveler’s diarrhea and Clostridium difficile 
diarrhea, i.e., a specific strain for a specific disease [3, 4]. With regard to diverticular 
disease, a systematic review of 11 studies collected data about the use of probiotics 
in different phases of diverticular disease and provided evidences on the efficacy of 
probiotics in symptom control and in the prevention of acute diverticulitis. This 
review includes many strains of probiotics such as Escherichia coli strain Nissle, 
Streptococcus thermophilus DSM 24731, Bifidobacterium (longum DSM 24736, 
breve DSM 24732, infantis DSM 24737), and Lactobacillus (helveticus, acidophilus 
DSM 24735, plantarum DSM 24730, paracasei DSM 24733, paracasei F19, bul-
garicus DSM 24734). Probiotics have also increasingly gained prominence for gut 
neuromodulation. As described above, neuromuscular gut alterations due to age and 
genetic factors represent risk factors for symptomatic diverticular disease. The 
increased intraluminal pressure due to constipation related to motor abnormalities is 
responsible for diverticula inflammation and abdominal pain. The probiotic 
Lactobacillus rhamnosus JB-1 has an inhibitory effect on visceral pain, acting on 
GABA receptors in mice models, whereas Lactobacillus reuteri (DSM 17938) 
shows beneficial effects on chronic constipation, decreasing methane (CH4) 
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production by Methanobrevibacter smithii, with positive health effects on gut motil-
ity. These probiotics could be safe and effective in preventing symptomatic diver-
ticular disease, but more data are needed to draw definitive conclusions [6, 7, 9].

20.3  Probiotics for Symptom Relief in SUDD

One-fifth of subjects with colonic diverticula may present with abdominal symp-
toms, such as recurrent abdominal pain or discomfort, changes in bowel habits, and 
bloating, in the absence of macroscopical alterations other than diverticula. This 
condition is termed “symptomatic uncomplicated diverticular disease” (SUDD), 
and it mimics the clinical picture associated with irritable bowel syndrome (IBS), 
although the abdominal pain associated with SUDD is typically localized in left 
iliac fossa and patients with SUDD usually experience diarrhea instead of constipa-
tion [1]. Moreover, they have more frequently long-lasting symptoms (over 24 h) 
and do not report relief after defecation or flatulence as compared to IBS subjects.

The main purpose in the management of SUDD is relief from abdominal symp-
toms. A standard therapeutic approach has not yet been established, but several 
dietary and pharmacological strategies have been proposed. In particular, given the 
key pathogenetic role of the gut microbiota [2, 3], different probiotics are able to 
change the gut microbial balance, thus leading to the study of health benefits 
(Table 20.1). In general, these probiotics showed anti-inflammatory effects with the 
capability to enhance anti-inflammatory defenses by maintaining an adequate bac-
terial colonization in the gastrointestinal tract and by inhibiting colonic bacterial 
overgrowth and metabolism of pathogens.

In a prospective open-label trial, Fric et  al. [11] evaluated the effects of 
Escherichia coli Nissle in 15 patients with SUDD, demonstrating that this strain, 
characterized by anti-inflammatory properties, significantly prolonged the remis-
sion time and improved abdominal symptoms, including abdominal pain, irregular 
defecation, bloating, and excessive flatulence. Notably, this strain can colonize the 
human intestine and persists in the gut for about 2 weeks after its discontinuation. 
In a pilot study, Annibale et al. [17] investigated the effects of a 6-month cyclic ther-
apy (14 days/month for 6 months) with Lactobacillus paracasei sub. Paracasei F19 
associated with a high-fiber diet versus a high-fiber diet alone. With the high-fiber 
diet, they reported a significant beneficial effect on symptoms, such as abdominal 
bloating and prolonged abdominal pain and on the quality of life, whereas the high-
fiber diet alone seemed to be clinically ineffective, without improving the quality 
of life of the patients. Furthermore, no safety issues were raised by a prolonged 
administration of the probiotic. Another prospective, open-label, uncontrolled, pilot 
study has been performed by Tursi et  al. [12] in 12 consecutive patients affected 
by SUDD. These patients underwent treatment with 10 mg/day of beclomethasone 
dipropionate (BDP) for 4 weeks, accompanied by a mix of probiotics (2.5 g/day) for 
15 consecutive days, including 450 billion viable lyophilized bacteria of 4 strains of 
Lactobacillus (Lactobacillus casei, Lactobacillus plantarum, Lactobacillus acidoph-
ilus, and Lactobacillus delbrueckii subsp. Bulgaricus), 3 strains of bifidobacterium 
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(Bifidobacterium longum, Bifidobacterium breve, and Bifidobacterium infantis), and 
1 strain of Streptococcus salivarius subsp. Thermophilus. In addition, patients were 
further treated with a half dosage of BDP for another 4 weeks and the mix of pro-
biotics for another 15 days. In all, 11 of 12 (91.66%) patients completed the treat-
ment, with 10 patients (per-protocol, 90.90%; on intention-to-treat, 83.33%) being 
asymptomatic already at the fourth and at the eighth week of treatment. It is of par-
ticular interest that endoscopic and histological scores also improved. A multicenter, 
6-month, randomized, controlled, parallel-group intervention study by Lahner 
et al. [18] in 2012 investigated the efficacy of a symbiotic preparation containing 
Lactobacillus paracasei B21060 in association with a high-fiber diet compared to a 
high-fiber diet alone, on abdominal symptoms in patients with SUDD. A total of 45 
consecutive outpatients with SUDD were enrolled and randomized to two treatment 
arms. The main results showed that a high-fiber diet alone was effective on some 
abdominal symptoms, but the combination with a symbiotic preparation containing 
Lactobacillus paracasei B21060 allowed a significant improvement of the therapeu-
tic response after 3 and 6 months of treatment. Again, a significant regression of pro-
longed abdominal pain was found with the high-fiber diet alone, but this therapeutic 
response was greater with the combined treatment strategy. Finally, abdominal bloat-
ing was significantly reduced only in patients supplemented with the symbiotic treat-
ment. A randomized, double-blind, placebo-controlled trial of a multistrain probiotic 
was conducted by Kvasnovsky et al. [21] in 143 patients suffering from SUDD. They 
were randomized to two arms, one with the supplementation of Lactobacillus rham-
nosus, Escherichia faecium, Lactobacillus acidophilus, and Lactobacillus plantarum 
(1 mL/kg/day) and the other with placebo for 3 months. As a result, a significant 
decrease of some symptoms, including constipation, diarrhea, mucorrhea, and back 
pain, was found only in the group supplemented with probiotics, whereas abdominal 
pain was decreased in both groups without any significant difference.

In conclusion, supplementation with specific probiotic strains that have an anti- 
inflammatory effect could be useful for providing symptom relief in patients with 
SUDD, but more robust data are required to draw firm conclusions.

20.4  Probiotics for Maintaining Remission in SUDD

As for acute treatment of SUDD, data for maintaining remission in SUDD are lim-
ited and controversial. The main goal of therapy is to relieve symptoms and avoid 
progression to acute diverticulitis. To achieve this, the most commonly used drugs 
are represented by poorly absorbable antibiotics and/or mesalamine. However, 
recent studies have suggested that only 50% of the subjects taking these drugs are 
free of symptoms. Indeed, other pathophysiological factors, including visceral 
hypersensitivity, abnormal colonic motility, and/or altered intestinal microbiota 
concur in the development of gastrointestinal complaints in patients with SUDD. In 
particular, Tursi et  al. conducted a prospective study evaluating the efficacy of 
mesalazine (1.6  g/die) and/or Lactobacillus casei (24  billion/die) in preventing 
recurrence of abdominal symptoms in 85 patients with SUDD, during a 12-month 
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period of follow-up [20]. The authors observed that both mesalazine and 
Lactobacillus casei were effective in preventing the recurrence of SUDD, but their 
association seemed to be even stronger. In particular, Lactobacillus casei alone was 
able to maintain an excellent remission rate (76.7%) after 12  months of cyclic 
administration, but the combination of both mesalazine and Lactobacillus casei was 
superior (100%) than mesalazine (76.7%) or Lactobacillus casei alone (76.7%). 
The authors justified this high rate of success to the downregulation of the inflam-
matory cascade by the inhibition of several proinflammatory factors induced by 
mesalazine, whereas Lactobacillus casei acted by maintaining a balanced coloniza-
tion in the gastrointestinal tract. Lamiki et al. conducted a prospective, randomized, 
open-label study evaluating the safety and effectiveness of a symbiotic mixture in 
preventing the recurrence of constipation-related abdominal pain in patients with 
uncomplicated diverticular disease of the colon [16]. They also verified their surviv-
ability through genomic techniques. A total of 46 consecutive patients with SUDD 
completed the 6-month follow-up study, reporting, at different time points, the 
occurrence of constipation, diarrhea, and abdominal pain using a validated quantita-
tive scale. After recruitment, patients were assigned to a treatment consisting of 
Lactobacillus acidophilus, Lactobacillus helveticus, and Bifidobacterium spp. 
together with a medium containing Urtica dioica, Ribes nigrum, Vaccinium myrtil-
lus, Taraxacum officinale leaves and roots, Daucus carota, and Echinacea purpurea 
leaves and roots in a 10 mL liquid formulation, three times a day. The main result 
was that 68% of patients were completely free of symptoms 6 months after treat-
ment start, and 78% of the patients reported that the treatment was “effective” or 
“very effective”. The microbiological study showed that, as compared to baseline, 
this symbiotic mixture was able to achieve a significant increase in the Lactobacilli 
and Bifidobacteria count and a decrease in Clostridia in the faces. Genomic analysis 
confirmed the survivability of the ingested strain during the treatment period. 
Another study by Tursi et al. was conducted to assess the effectiveness of mesala-
zine and/or probiotics in maintaining remission in SUDD [13]. In this multicenter, 
double-blind, placebo- controlled trial, mesalazine (1.6  g/die) and/or probiotics 
(Lactobacillus casei DG 24  billion/die) were administered to 210 patients with 
SUDD for 10 days each month for 12 months. For comparison, a placebo group was 
also included. The authors found that Lactobacillus casei DG was significantly bet-
ter than placebo for maintaining SUDD remission, but the combination of mesala-
zine and probiotics was even superior. Moreover, both treatments, alone or in 
combination, were significantly better than placebo for preventing the occurrence of 
acute diverticulitis. Furthermore, Tursi et al., in an open-label, pilot trial published 
in 2007, enrolled 30 patients with SUDD and randomized them to receive balsala-
zide 2.25 g daily for 10 days every month plus a mixture of Streptococcus ther-
mophilus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium infantis, 
Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei, and 
Lactobacillus delbrueckii, 450 billion/day for 15 days every month or the mixture 
of probiotics alone, 450 billion/day for 15 days every month [14]. The primary end 
point was the maintenance of remission after an episode of acute diverticulitis 
throughout a 12-month follow-up. The main result was that more than half of the 
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patients in both groups were free of abdominal symptoms at the end of follow-up 
and that probiotics alone determined the complete disappearance of gastrointestinal 
symptoms in 60% of the patients. In contrast, in 2013, Stollman et  al. [19] per-
formed a randomized, controlled study using mesalamine and Bifidobacterium 
infantis 35,624 for 12 weeks. They enrolled 117 patients divided into 3 arms: (1) 
probiotics plus mesalamine (2.4 daily); (2) mesalamine alone (2.4 g daily); and (3) 
placebo. Overall, mesalamine alone showed a trend in reducing symptoms, but add-
ing probiotics did not result in a significant clinical benefit.

In conclusion, the use of probiotics with an anti-inflammatory effect alone or in 
association with anti-inflammatory drugs such as mesalazine or balsalazide seems 
to be effective in favoring the maintenance of remission in patients with SUDD.

20.5  Probiotics and Acute Diverticulitis

Acute diverticulitis (AD) is an inflammatory condition affecting at least one colonic 
diverticulum, often associated with pericolonic inflammation. Abdominal pain in the 
left lower quadrant, fever, and leukocytosis are the main symptoms. Contrast- 
enhanced computerized tomography (CT) is considered as the gold standard since it 
offers a more comprehensive evaluation of the uncomplicated and complicated forms 
according to the modified Hinchey’s criteria [1]. The most important risk factors 
associated with the development of diverticulitis are smoking, reduction of physical 
activity, dietary habits, and, especially, fiber consumption. In the past few years, anti-
biotics were considered mandatory in the treatment of AD, even in mild cases, 
because of its belief that diverticulitis was due to obstruction of a diverticulum lead-
ing to mucosal abrasions, microperforation, and bacterial translocation [23]. Recent 
hypotheses have highlighted that AD may be due to an inflammatory process rather 
than an infectious condition. Recent studies on acute uncomplicated diverticulitis 
(AUD) have demonstrated the presence of an altered composition of the gut micro-
biota, with a reduction of taxa with anti-inflammatory activity, such as Clostridium 
cluster IV, Lactobacilli, and Bacteroides and an increase in Enterobacteriaceae and 
Streptococcus. This “dysbiosis” could be linked to the development of mucosal 
inflammation, altered activation of gastroenteric nerve fibers, and consequent altera-
tion in intestinal motility with development of abdominal symptoms.

Moreover, the “dysmotility” is connected to the “bacterial translocation” from 
the diverticular lumen to the perivisceral area with a possible activation of cellular 
Toll-like receptors (TLRs) and tissue inflammation. The intestinal microbiota has a 
key role in regulating immune/anti-inflammatory activity, improving immune toler-
ance, and stimulating the expression of T-regulatory cells (T-regs), lymphocyte 
regulators of immunity [1]. This regulatory activity has been mainly observed in 
Bacteroides fragilis and in some species of Clostridium. The reduction of these 
microbial species with anti-inflammatory activity may be responsible, together with 
other factors (the presence of diverticula, diet, genetic predisposition, connective 
alterations, fecal stasis), for the development of symptomatic diverticular diseases. 
Restoration of a more balanced composition of the intestinal microbiota, with a 
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“renewed” bacterial colonization obtained with the use of probiotic strains, can 
potentially have beneficial effects on health [2]. A meta-analysis published in 2015 
showed that probiotics are effective in treating irritable bowel syndrome with remis-
sion of abdominal symptoms [24]. In simple symptomatic diverticular disease, the 
number of studies is lower yet compared to those in irritable bowel syndrome. A 
review of the literature that collected 11 articles (in a time period of 20 years) for a 
total of 760 patients with abdominal diverticular disease symptoms failed to draw 
conclusions about the efficacy of the use of probiotics due to the heterogeneity of 
the studies, in which different probiotic bacterial strains with different dosages and 
for different treatment periods had been used. In addition, patients were often 
treated with antibiotics and/or anti-inflammatory agents [7]. The most frequently 
used strain was Lactobacilli; meanwhile, Bifidobacteria or other probiotic strains 
were less used. Knowing the mechanisms through which the gut microbiota has a 
role in determining the “health status”, it is easier to understand the potential benefi-
cial effect of some probiotic strains. The gut microbiota, for example, modulates the 
immune response through the production of short-chain fatty acids (SCFAs). In fact, 
when fibers are ingested and digested, bacteria produce a wide range of short-chain 
fatty acids, such as butyrate, which is able to modulate the expression of histone 
deacetylase directly, thereby increasing the expression of T-reg lymphocytes. 
Moreover, the gut microbiota acts as a physical barrier against pathogens and as a 
“chemical” barrier (for the production of antimicrobial substances), thus preventing 
them from overcoming the intestinal mucosa and from spreading at a systemic level. 
In addition, beneficial bacterial species compete for nutrients by reducing the 
growth of other pathogenic microorganisms [2, 3]. This microbial diversity may be 
responsible for the onset of diverticular disease symptoms, but how the microbiota 
can determine diverticular inflammation is not entirely clear. However, patients with 
recurrent episodes of symptomatic diverticular disease not susceptible to surgery 
have been treated successfully with microbiota transplantation. In addition, rifaxi-
min, which has a positive effect on reducing excessive growth of Roseburia, 
Veillonella, Streptococcus, and Haemophilus and on increasing other species such 
as Akkermansia, has been successfully used in some studies on diverticular disease. 
Some specific probiotics such as Lactobacillus salivarius, Lactobacillus acidophi-
lus, Bifidobacterium lactis, and Lactobacillus reuteri 4659 have been proven to 
have an important anti-inflammatory effect in vitro, thus suggesting a possible role 
in AD [3]. Lactobacillus reuteri is one of the most studied probiotics in humans. 
There are different strains on the market with specific characteristics of action. 
Strain 4659 has been shown to have a powerful anti-inflammatory action on inhibit-
ing experimental colitis, by modulating TLR-4 and NF-κB. It also reduces the levels 
of proinflammatory cytokines such as tumor necrosis factor alpha (TNF-α). This 
indicates the therapeutic potential of Lactobacillus reuteri strain 4659 in inflamma-
tory diseases of the intestine. In 2019, Ojetti et al. [6] published a double-blind, 
randomized, controlled trial on the efficacy of Lactobacillus reuteri 4659 supple-
mentations during an acute attack of uncomplicated diverticulitis. The 88 patients 
who met the inclusion criteria were randomly assigned to 2 groups; the first one 
received standard antibiotic therapy, consisting of ciprofloxacin 400 mg twice a day 
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and metronidazole 500 mg three times a day for 7 days, with supplementation of the 
probiotic Lactobacillus reuteri 4659 twice a day for 10  days. The other group 
received the same standard antibiotic therapy and a matching placebo for the same 
periods. They showed for the first time in real life that the use of this particular 
strain of Lactobacillus reuteri is able to significantly reduce the CRP values com-
pared with placebo after 3 days of treatment. This also led to a significant reduction 
in abdominal pain. In particular, the mean delta reduction in abdominal pain from 
day 1 to day 3 was 4.5 VAS points in the Lactobacillus reuteri group, compared with 
2.3 in the placebo group (p < 0.0001). With the early reduction in the inflammatory 
index and reduction in abdominal pain, patients were quickly discharged from hos-
pital [6]. The possible mechanism underlying this phenomenon could be, on one 
side, the expression of mucus adhesins that exert this specific strain and, on the 
other side, the immunoregulatory effects in the gut through modulating the Th1-
promoting capacity of dendritic cells upon interaction with C-type lectins. These 
mucus adhesins also mediate both anti-inflammatory and proinflammatory effects 
by induction of interleukin-10 (IL-10), TNF-α, IL-1β, IL-6, and IL-12 cytokines. To 
confirm these data, the same authors tested the efficacy of a mix of three probiotic 
strains (Bifidobacterium lactis LA 304, Lactobacillus salivarius LA 302, and 
Lactobacillus acidophilus LA 201) [22] administered in association with conven-
tional antibiotics for the treatment of AUD compared to conventional antibiotics 
used alone. The interventional group was treated with ciprofloxacin 400 mg twice a 
day and metronidazole 500 mg three times a day for 1 week and was simultaneously 
supplemented with the probiotic mix, 1 sachet twice a day for 10 days. The control 
group received the same antibiotic treatment without the probiotic mix. With regard 
to abdominal pain, the group who received the supplementation showed a signifi-
cant decrease of 4.06 points (51.4%) in the VAS score on day 3, compared to a 
decrease of 2.79 points (34.9%) in the other group. With regard to inflammation, the 
supplemented group showed a decrease in CRP value of 64%, compared to a 
decrease of only 35% in the other. This led to a significantly shorter hospitalization 
(89 h; 3.7 days) of the supplemented group compared to 101 h (4.2 days) of the 
other group (p = 0.03) [22].

In IBD patients, Foligne et al. [25] proved that Lactobacillus salivarius Ls33 and 
Lactobacillus acidophilus NCF are two of the three best-performing probiotics in 
terms of increased induction of the anti-inflammatory cytokine IL-10 and reduced 
induction of the pro-inflammatory cytokine IL-12. The same strains both in vitro 
and in vivo improve the recovery of inflamed tissues in a rat colitis model. Moreover, 
the combination of the two strains had better properties than those of the strains 
taken separately when it came to modulating TLR-2-mediated NF-κB and MAPK 
signaling pathways involved in IBD-related inflammation. Abdominal pain is the 
main symptom in patients with AUD, and it seems to be related to visceral hyper-
sensitivity. Recent studies have reported that the gut microbiota influences the vis-
ceral perception of pain, thus suggesting a new approach for the treatment of this 
condition. It has been speculated that some probiotics may have an impact on the 
gut epithelial cells’ expression of receptors that locally modulate the transmission 
of nociception to the intestinal nervous system. Lactobacillus acidophilus and 

E. Savarino et al.



257

Lactobacillus salivarius strains were able to induce a higher in vitro expression of 
opioid and cannabinoid receptors, respectively, on gut epithelial cells, thus indicat-
ing that they are better strains for facilitating pain relief. Moreover, in a murine 
model, these strains showed an analgesic effect similar to that of morphine. Based 
on these considerations on the beneficial immunomodulatory effects and potentially 
analgesic properties, it is easy to understand why the authors chose this combina-
tion. It would therefore seem that restoring the use of probiotics in “beneficial” 
microbial species can maintain and restore gastrointestinal homeostasis, with func-
tions of the “barrier” against pathogens and reduction of inflammation. The latter 
seems to be the key point; in particular, probiotic species such as Bifidobacterium 
adolescentis, Phascolarctobacterium, and Akkermansia muciniphila are capable of 
reducing the level of C-reactive protein, IL-6, and tumor necrosis factor (TNF), the 
direct damage caused by the activation of inflammasomes, and the production of 
proinflammatory interleukins IL-1 and IL-18 [8, 9]. Moreover, some cell wall com-
ponents of Lactobacilli and Bifidobacteria, like lipoteichoic acid, stimulate the syn-
thesis of nitric oxide, which is fundamental in the mechanisms regulating cell death 
after pathogen infection. In addition, nitric oxide acts on some TLRs that are 
involved in phagocytosis. Probiotics have also been shown to interact with entero-
cytes, Th1, Th2, T-regs, and intestinal dendritic cells, thus regulating the adaptive 
immunity in the attack against pathogens that can damage the intestinal mucosa and 
cause local inflammation. In animal models of rat colitis, the administration of 
Lactobacillus salivarius Ls33 produced positive results in the recovery of local tis-
sue inflammation, with increased anti-inflammatory cytokines such as IL-10 and the 
decrease of proinflammatory ones such as IL-12 [25]. When the intestinal barrier is 
damaged, it itself produces proinflammatory cytokines of “alarm” that contribute to 
local inflammation. In conclusion, supplementation with specific probiotic strains 
that exhibit an anti-inflammatory effect is useful during an acute attack of uncom-
plicated diverticulitis accelerating the reduction of the CRP level and gastrointesti-
nal symptoms, thus reducing the length of hospital stay with a huge impact on the 
overall cost reduction.

20.6  Conclusions

Colonic diverticular disease is an extremely common acquired condition in which 
several pathogenic factors may be implicated, including dysbiosis. Changes in 
microbiota composition with a reduction of taxa with anti-inflammatory activity and 
an increase in proinflammatory bacteria have been observed during the acute phase 
of inflammation. A vicious cycle could start from mucosal inflammation to dysbiosis 
at the same time. Translocation of bacteria to perivisceral fat activates the TLRs with 
a subsequent inflammatory reaction at the level of the perivisceral tissues.

Moreover, an alteration in the gut microbiota can lead to an altered activation of 
nerve fibers and subsequent neuronal and muscular dysfunction, thus favoring 
abdominal symptom development. It is easy to understand how the use of probiotics 
could be useful for restoring a healthy colonic microenvironment in patients with 
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DD. In this chapter, we analyze data on the efficacy of probiotic therapies in differ-
ent phases of DD, such as SUDD, and maintenance of remission in SUDD and 
AUD. Probiotics [4, 7, 9], in this context, could contribute to “strengthen” the intes-
tinal barrier (also through the stimulation of cell adhesion proteins), reducing the 
damage and risk of complications (microperforation) in diverticular disease. In 
addition, intestinal bacterial flora mediates the interaction and communication 
between immunity and the intestinal barrier, thus restoring a healthy microenviron-
ment in the colon, which on the contrary, is often altered in uncomplicated symp-
tomatic diverticular disease. Supplementation with specific probiotic strains that 
have an anti-inflammatory effect could be useful for providing symptom relief in 
patients with SUDD, but more robust data are required to draw firm conclusions. 
The use of probiotics alone or in association with anti-inflammatory drugs such as 
mesalazine or balsalazide seems to be effective in maintaining remission in patients 
with SUDD. During an acute attack of uncomplicated diverticulitis, supplementa-
tion with specific probiotic strains that exhibit an anti-inflammatory effect is useful 
in accelerating the reduction of the CRP level and gastrointestinal symptoms, thus 
reducing the length of hospital stay with a huge impact on the overall cost reduction. 
In conclusion, despite the importance of the results obtained, the role of probiotics 
in different phases of DD is still to be fully understood, in particular, whether a 
beneficial effect of a specific probiotic therapy is related to a definite change in the 
gut microbiota composition. For these reasons, new randomized, controlled placebo 
studies including a larger number of patients are now needed to unequivocally dem-
onstrate the actual role of each probiotic strain in different manifestations of DD.
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21Other Treatments
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Diverticulosis of the colon is the most frequent anatomical alteration of the colon in 
developed countries, and the highest rates occur in the United States and Europe. 
Approximately 60% of individuals over the age of 60 living in industrialized coun-
tries will develop colonic diverticula [1]. When diverticulosis becomes symptom-
atic, it is called “diverticular disease” (DD), a term generally including symptomatic 
uncomplicated diverticular disease (SUDD) and acute diverticulitis (AD) [2, 3].

DD is likely to occur in 10–25% of that population [4]. Complications of diver-
ticulitis can be serious and life-threatening, including bowel perforation, abscess, 
fistula, bleeding, and stricture leading to obstruction. Surgical intervention may be 
warranted and can range from endoscopic or percutaneous procedures to laparo-
scopic and open surgery. At present, this condition ranks as the fifth most important 
gastrointestinal disease in terms of direct and indirect costs [5, 6].

Although the pathogenesis and management of diverticulosis and DD remain 
uncertain, new hypotheses and observations are changing the pharmacological and 
surgical management of DD. Developing an effective method of diagnosis, treat-
ment, and prevention of DD, SUDD, and diverticulitis could lead to a significant 
reduction in morbidity, mortality, and also medical burden.
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SUDD is defined as the concomitant presence of diverticula accompanied by 
symptoms of abdominal pain and bloating, bowel habit changes that include diar-
rhea and constipation, or a mixed bowel habit, in the absence of macroscopic 
inflammation [7, 8]. The severity and frequency of symptoms may have an impact 
on daily activities and severely affect quality of life [9], which can be assessed with 
the DD-specific DV-QOL survey [10]. Whereas the exact etiology is not certain, a 
number of aspects of this condition have been investigated.

Treatments of SUDD by a high-fiber diet, anti-inflammatory agents, and probiot-
ics have been discussed in a previous chapter. In this chapter, we discuss the prob-
ability of other treatments, (traditional herbal medicines, butyrate, curcuma, etc.) 
for SUDD and also DD.

21.1  Traditional Herbal Medicines

Worldwide, modern health-care systems are increasingly putting the spotlight on inte-
grative health-care modalities that incorporate ancient wisdom. This movement started 
in both the United Kingdom and the United States as “alternative medicine.” As alter-
native health-care modalities became more prevalent, the descriptive term changed to 
“complementary medicine” or “complementary and alternative medicine” (CAM). 
Now, due to further incorporation of such practices, the more frequently used term is 
“integrative medicine.” Kampo medicine or Japanese traditional medicine is integra-
tive as it has been used by Western physicians in addition to conventional medicine.

After ancient Chinese medicine was introduced in Japan about 1500 years ago, it 
fused with the natural features and culture of Japan, traced a unique course of devel-
opment that was free of interference from other countries, and became accepted 
among the people of Japan as “Japanese herbal medicine” (JHM) or “Kampo medi-
cine.” An emerging therapeutic target for this class of medicine is colonic diverticu-
lar disease. Since conventional pharmacology has been either poorly effective or 
associated with adverse events, the use of complementary and alternative medicine 
(CAM) including herbal medicines is gaining appeal for use in clinical practice.

Worldwide, many traditional medicine systems (TMSs) are used, including the 
Chinese traditional medicine, Indian Ayurvedic medicine, and the popular Unani 
medicine of Arab cultures. Many other indigenous traditional medicine systems have 
also been developed in the past by African, Asian, Arabic, Pacific, American, and also 
some other cultures. The theory and application of these traditional medicine systems 
differ significantly from those of well-developed allopathic medicines [11]. Today, the 
increasing demands for use of traditional herbal therapies, more likely based on the 
good past experiences of the effectiveness and safety of these herbal medicines, still 
require positive research evidence, and, so, recent developments in the biological and 
analytical sciences, along with innovations in proteomics and genomics, surely can 
play a dominant role in the validation of traditional herbal medicines, to further 
improve their quality, safety, and efficacy with clinic-based evidence [12, 13].

Misawa et al. [14] conducted a well-designed randomized trial (n = 10) to deter-
mine the efficacy of daiobotampito extracts for treating AD.
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They conducted a single-center, open-label, prospective study. In all, 10 patients 
who suffered from diverticulitis of the colon were recruited. The patients were 
treated with fasting, antibacterial agents, and daiobotampito extracts (TJ-33; 
Tsumura & Co, Tokyo, Japan) for 10 days in or out of hospital. The patients indi-
vidually recorded their body temperature, grade of abdominal pain, number of times 
that analgesics were used, and number of stools daily. They checked whether the 
patients had adverse reactions such as abdominal pain or diarrhea. No patients expe-
rienced serious adverse reactions. One patient had moderate abdominal pain and 
diarrhea soon after daiobotampito intake. This patient discontinued daiobotampito 
on day 4, and the pain and diarrhea quickly resolved. The abdominal pain of this 
patient was worse 6 days before treatment, and the pain was almost relieved with 
initial daiobotampito treatment. Daiobotampito seems to be a safe treatment option 
for early-stage AD.

Both diverticular bleeding (DB) and AD show high recurrence rates [15, 16]. The 
establishment of optimal strategies that prevent the recurrence of DB and AD is a 
major concern among gastroenterologists.

Mizuki et al. [17] conducted a large (n = 161) and well-designed randomized 
trial to determine the efficacy of burdock tea for the prevention of DB and AD 
recurrences.

Newly diagnosed patients with DB (n = 91) or AD (n = 70) were randomly 
assigned to two groups. The experimental group received 1.5 g of burdock tea 
three times a day (burdock tea 1.5 g, t.i.d.; Ahjikan, Co., Ltd., Hiroshima, Japan), 
whereas the control group did not receive any treatment. The median (interquar-
tile) range of observation for the recurrence of DB or AD was 22.0 (14.1) and 30.3 
(18.6) months, respectively. The burdock tea treatment showed significant preven-
tive effects on recurrence of AD. A lower AD recurrence rate (5/47 (10.6%) vs. 
14/44 (31.8%)) and longer recurrence-free duration was observed in the burdock 
tea group (59.3 months (95% CI 54.0–64.7) vs. 45.1 months (95% CI 37.1–53.0) 
by the Kaplan–Meier analysis; p  =  0.012 by log-rank test) than in the control 
group, although there were no significant preventive effects on the DB recurrence. 
This randomized clinical trial demonstrated that daily intake of burdock tea could 
be an effective strategy for prevention of AD recurrence but not for CDB 
recurrence.

Burdock (scientific name: Arctium lappa) is a plant, which is widely used in 
Asian medicine as a diuretic antipyretic tea that assists in treating hypertension, 
gout, hepatitis, and other inflammatory disorders [18, 19]. Pharmacological studies 
have indicated that burdock roots promote antimicrobial, anti-inflammatory, and 
free radical scavenging activity as they contain multiple polyphenols [18–20]. 
Recently, Lee et al. [21] have reported that burdock roasting tea has high antioxidant 
properties. In addition, tea is the easiest way to consume health-promoting compo-
nents from whole foods, containing a combination of multiple polyphenols [22]. 
This study showed that all participants demonstrate high compliance (more than 
95%), indicating that consumption of burdock tea is possible in the long term. Thus, 
burdock tea could actually be a potent strategy for prevention against recurrence of 
AD (Table 21.1).
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Table 21.1 Treatment of diverticular disease

Traditional herbal medicines may be able to treat diverticulitis and prevent diverticular 
recurrence
Microencapsulated sodium butyrate may prevent diverticular recurrence
Curcumin and Boswellia phytosome extracts may provide relief from SUDD pain
Nutraceutical formulation may provide relief from SUDD pain and bloating

21.2  Microencapsulated Sodium Butyrate (MSB)

Krokowicz et al. [23] conducted a well-designed randomized trial (n = 52) to deter-
mine the efficacy of microencapsulated sodium butyrate (MSB) for the preven-
tion of AD.

A total of 73 patients with diverticulosis (diagnosed at colonoscopy and/or bar-
ium enema and/or CT colonography) were recruited for the study and randomized. 
The investigated group was administered MSB 300 mg daily, and the control group 
was administered placebo. After 12 months, a total of 52 patients (30 subjects and 
22 controls) completed the study and were subjected to analysis. During the study, 
the number of episodes of diverticulitis (symptomatic diagnosis with acute pain, 
fever, and leukocytosis), hospitalizations, and surgery performed for diverticulitis 
were recorded. Additionally, a questionnaire regarding the subjective improvement 
of symptoms reflected the changes in quality of life during the analysis. After 
12 months, the study group noted a significantly decreased number of diverticulitis 
episodes in comparison to those in the control group. The subjective quality of life 
in the study group was higher than that in the control group. There were no side 
effects of MSB during the therapy.

MSB reduces the frequency of diverticulitis episodes, is safe, and improves the 
quality of life. It can play a role in the prevention of diverticulitis. Although there is 
no certainty as to what renders sodium butyrate (SB) to be so beneficial in such a 
wide range of colonic diseases, it has been established that SB can act as a regulator 
of the intestinal environment. It is a preferred energy substrate for colonocytes, can 
moderate intestinal permeability, reduce oxidative stress, and reinforce the colonic 
defense barrier, leading to decreased inflammation of the mucosa, increased cell 
regeneration rate, and promote healing [24–26]. What prompted the authors to study 
the efficacy of SB for diverticulitis was the lack of side effects of SB [27, 28] and 
the similarities between diverticulitis and irritable bowel syndrome for which SB 
has been shown to be effective, such as the presence of abnormal colonic motility, 
visceral hypersensitivity, the presence of low-grade inflammation, and increased 
circulating levels of either substance P or vasoactive intestinal polypeptide [29, 30]. 
They utilized a microencapsulated form of SB to maximize the biological effect on 
the colon. Unprotected forms of SB induce fast absorption in the small bowel, thus 
preventing its passage to the large intestine where local release of SB seems to be of 
most benefit. They utilized a unique lipid membrane microencapsulation, designed 
to release SB distal from the ileocecal region and used successfully in previous 
studies [31]. Other formulas to release SB in the colon have been used, including 
hydroxypropyl methylcellulose and shellac coating [32] (Table 21.1).

A. Mizuki et al.



265

21.3  Curcumin and Boswellia Phytosome (CBP) Extracts

The efficacy of Boswellia extracts in the treatment of SUDD symptoms was previ-
ously hypothesized by Tursi et al. They positively treated a group of patients with 
an association of natural active ingredients, including B. serrata, inulin, niacin, 
cranberry, vitamins B1, B2, B6, and B12, zinc, and folic acid [33]. The anti- 
inflammatory effect of the association of curcumin and Boswellia extracts supple-
mented as CBP would mimic the anti-inflammatory activity revealed for mesalazine 
that has been shown to be better than placebo in reducing symptoms in patients with 
SUDD [34].

Giacosa al [35]. conducted a well-designed randomized trial (n = 52) to deter-
mine the efficacy of curcumin and Boswellia phytosome (CBP) extracts for the 
treatment of symptomatic SUDD.

In a 30-day, one-group longitudinal explanatory study, patients (men and women) 
were treated with an innovative association of CBP-standardized extracts (500 mg 
b.i.d.). Treatment of SUDD with the association of CBP was followed by a signifi-
cant decrease in abdominal pain (p < 0.0001). The study group showed that the CBP 
supplementation was efficacious within 10 days and that the efficacy was main-
tained almost constantly until the 30th day of intervention.

A phytosome of curcumin and Boswellia extracts may be useful in relief from 
SUDD pain. However, controlled studies should be conducted for final conclusions 
to be drawn. Bafutto et al. [36] treated 12 patients with SUDD with 2 g of curcumin 
for 30 days with a significant reduction in the abdominal pain intensity. Moreover, 
these authors showed a reduction in abdominal distension and in fecal calprotec-
tin levels.

C. longa L. is a perennial herb plant widespread in Southeast Asia and is exten-
sively cultivated in China, India, Indonesia, and Thailand. The active components of 
the roots are three curcuminoids: curcumin, demethoxycurcumin, and bisdeme-
thoxycurcumin. These curcuminoids are linked to the important physiological and 
biological effects of curcumin, acting as effective anti-inflammatory agents with 
multiple activities, including antioxidant and metabolic modulation. The effects of 
curcumin have been well demonstrated in several clinical studies, showing effec-
tiveness in inflammatory bowel disease (IBD), arthritis, prediabetes, and in the early 
stages of some cancers [37]. A recent meta-analysis on 15 randomized clinical trials 
has shown that curcumin downregulates inflammation and oxidation products by 
decreasing the levels of IL-6, high-sensitivity C-reactive protein, and malondialde-
hyde [38]. Experimental studies in animal models of IBD demonstrated that treat-
ment with curcumin may decrease TNF-α, an inflammatory cytokine associated 
with IBD as well as with diverticular disease and acute diverticulitis [39, 40]. It is 
well known that curcumin has a low human bioavailability, and, to explore its clini-
cal potential effects and overcome this issue, several formulations have been devel-
oped, including the application of food-grade phytosome technology. Comparison 
studies have shown that a curcumin phytosome significantly ameliorates the bio-
availability of curcuminoids in the plasma and in the intestinal mucosa [41, 42]. In 
addition, curcumin phytosome administration also shows a protective effect toward 
gastrointestinal barrier damage [43].
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Oleo gum resins from B. serrata Roxb. ex Colebr have been used in traditional 
medicines in India and Africa as a remedy to cure various inflammatory diseases 
[44]. Preclinical and clinical studies showed interesting data on the effects of 
B. serrata extracts and their active components, boswellic acids [45–47]. However, 
pharmacokinetic studies revealed low and erratic systemic absorption of boswellic 
acids in animals and humans. To improve the bioavailability of Boswellia, a 
lecithin- based (phytosome) delivery form of standardized B. serrata extracts has 
been developed, showing the optimization of boswellic acid delivery in healthy 
volunteers [48]. The Boswellia phytosome was shown to be effective and safe in 
the management of gut discomforts such as IBS and in attenuating symptoms 
associated with mild ulcerative colitis in remission, thereby reducing the need for 
drugs and medical consultations [49–51]. In combination with curcumin, 
Boswellia was shown to inhibit the production of inflammatory cytokines, IL-6, 
IL-8, TNF-α, and reactive oxygen species in vitro [27] in a clinical study for joint 
health [52] (Table 21.1).

21.4  Nutraceutical Formulation

D’Amico et al. [53] conducted a large (n = 101) and well-designed trial to determine 
the efficacy of a new nutraceutical formulation, DIVER-100®, for SUDD symptoms.

A prospective observational study was conducted to evaluate the efficacy of 
DIVER-100® in consecutive patients with SUDD, confirmed by radiology or endos-
copy. All patients were treated with DIVER-100®, 2 capsules/day, 10 days a month 
for 3 months. The primary end point was the clinical remission rate, defined as the 
reduction of abdominal pain and bloating, improvement of bowel habits, and pre-
vention of acute diverticulitis (AD). The secondary end point was the rate of adverse 
events. A total of 101 patients were consecutively enrolled at the Internal Medicine 
and Gastroenterology Unit, Sant’Orsola Hospital, Bologna, Italy. DIVER-100® was 
effective in inducing remission of symptoms in 12 patients (11.9%) at 3 months and 
in 10 patients (9.9%) at 6 months. DIVER-100® significantly reduced abdominal 
pain and bloating in 45.5 and 57.4% of patients, respectively (p  <  0.001) after 
3 months. No episodes of AD and no adverse events related to DIVER-100® were 
recorded at 6 months in the study population. DIVER-100® is a safe and effective 
nutraceutical compound in obtaining remission and symptom relief in SUDD 
patients. Further randomized, placebo-controlled clinical trials are needed to con-
firm these preliminary data.

The efficacy and safety of this nutraceutical compound could be explained by the 
combination of the various ingredients that compose it. Boswellia serrata and zinc, 
as investigated in vitro and in animal experimental models of intestinal inflamma-
tion, can preserve the intestinal epithelial barrier and function and can protect from 
oxidative and inflammatory damages [54, 55]. Cranberries, reducing the production 
of biofilms and the adhesion capacity of microorganisms, have an anti- inflammatory 
effect [56]. Prebiotics such as inulin are nondigestible food ingredients, which are 
fermented at the level of the colon, causing changes in the intestinal microbiota and 
resulting in beneficial effects [57]. Probiotics competing with pathogenic 
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microorganisms could lead to health benefits, reducing colonization and bacterial 
overgrowth of the gastrointestinal tract and favoring the balance of the gut micro-
biota [58]. Moreover, recently, a 12-month, prospective pilot study, including 15 
patients with SUDD (14 DICA 1 patients and 1 DICA 2 patient), has shown that 
DIVER-100® was effective in reducing abdominal pain, meteorism, constipation, 
and diarrhea. No adverse event was reported during the 12-month follow-up [59]. 
Despite these promising preliminary data, further randomized and placebo-con-
trolled clinical trials are needed to confirm the efficacy and safety of DIVER-100® 
and to rule out a possible placebo effect related to its intake (Table 21.1).

21.5  Conclusions

Traditional herbal medicines may be useful in the treatment and prevention of 
AD. Moreover, butyrate may play a role in the prevention of AD. Curcumin and 
nutraceutical formulations may be useful in relief from SUDD pain. However, addi-
tional and controlled studies need to be conducted to draw final conclusions.
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22.1  Definition

Diverticulosis is an common age-related anatomical condition. Individuals who 
develop chronic gastrointestinal symptoms or complications are referred to as hav-
ing diverticular disease [1].

The risk of developing diverticulitis (inflammation of one or a few diverticula 
and the surrounding colon) and diverticular bleeding (acute bleeding from a nutrient 
vessel in a diverticulum) is widespread among these individuals. They may also 
develop chronic gastrointestinal symptoms (abdominal pain, bloating, or changes in 
bowel habits), which is symptomatic uncomplicated diverticular disease (SUDD) 
[2]. The main characteristic of SUDD of the colon is left lower quadrant pain lasting 
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>24 h, not fulfilling the criteria for irritable bowel syndrome diagnosis, and associ-
ated with increased levels of fecal calprotectin, occurring in about 20% of people 
with diverticulosis [3].

There is generally no accepted classification yet due to a lack of reliable valida-
tion. The ESCP Guideline Committee (2020) proposed definitions based on evi-
dence with some overlap with existing classifications (Fig. 22.1) [4] .

Diverticulosis of the colon develops in the majority of individuals in Western 
countries with increasing age and usually remains asymptomatic. Therefore, diver-
ticulosis per se should not be considered a disease. The term “diverticular disease 
(DD)” implies that there are symptoms related to the diverticula.

It is a matter of dispute whether diverticula can lead to symptoms in the absence 
of inflammation or bleeding [5, 6]. Symptomatic uncomplicated diverticulosis is the 
most common clinical problem with recurring symptoms associated with divertic-
ula (abdominal pain, irregular stools, bloating). Inflammatory marker levels are not 
elevated, and there are no abnormalities on imaging, which makes this condition 
distinct from diverticulitis [7]. So, the term “symptomatic uncomplicated diverticu-
lar disease (SUDD)” is used in some countries for patients with diverticula who 
experience abdominal symptoms and changes in bowel habits (e.g., diarrhea, con-
stipation, or alternating bowel habits) in the absence of inflammation [1]. However, 
the term has not gained general acceptance, and a uniform definition does not exist. 
A major difficulty is the differential diagnosis between irritable bowel syndrome 
(IBS) and SUDD as there is an overlap between the two (Table 22.1). Epidemiological 
studies have shown that IBS-like symptoms may develop after a bout of acute 

Diverticulosis

Diverticulitis

Symptomatic

Asymptomatic Defined terms

Development in individual cases

Possible developments

Acute Diverticulitis

Chronic Diverticulitis

Acute Uncomplicated Diverticulities

Acute Complicated Diverticulities

Chronic Uncomplicated Diverticulities

Chronic Complicated Diverticulities

Diverticular Disease

Diverticular Bleeding
SUDD *

Symptomatic Uncomplicated
Diverticular Disease

?

?
?

?

?

Fig. 22.1 List of terms and stages used in the guidelines of the European Society of Coloproctology 
[4]. The flowchart shows the different stages of diverticulosis and diverticular disease. It should be 
noted that although diverticulosis is conditio sine qua non for the other stages, the different stages 
are not part of a continuous development and may appear independently in individual cases. *The 
term “SUDD” is controversial, as it remains unclear whether it is a disease or whether it represents 
the coexistence of irritable bowel syndrome and diverticulosis
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diverticulitis [8]. The overlap between IBS and SUDD has also been highlighted in 
a study from the Mayo clinic [9], which points out that age is a critical factor.

Diverticulitis (acute uncomplicated diverticulitis) is associated with systemic 
inflammatory response, which clinically presents as chills, fever, and abnormal lab-
oratory results (increased ESR, CRP, calprotectin), and with diagnostic imaging 
(ultrasound, computed tomography—as the ‘gold standard’), which presents thick-
ening of the intestinal wall and the inflammatory infiltrate in the surrounding adi-
pose tissue [7].

The term “diverticulitis” describes a peridiverticular inflammation of the bowel 
wall and usually the surrounding tissue. It can be acute or chronic and complicated 
or uncomplicated with different possible complications including abscess, perfora-
tion, fistula, obstruction, and bleeding. The best ways to determine the severity of 
acute diverticulitis are mainly those by cross-sectional imaging (CT scan, ultra-
sound) and laboratory tests (C-reactive protein). In general, uncomplicated acute 
diverticulitis is differentiated from complicated acute diverticulitis. The boundary 
between the two terms lies in the degree of inflammation. Acute uncomplicated 
diverticulitis is inflammation in a diverticula-bearing bowel segment and the sur-
rounding tissue without signs of perforation (extraluminal air) or abscess formation. 
Chronic diverticulitis can develop if acute diverticulitis does not resolve completely. 
Wall thickening or chronic mucosal inflammation in the absence of stenosis is called 
chronic uncomplicated diverticulitis. Complicated chronic diverticulitis includes 
both stenotic disease, which may lead to acute bowel obstruction, and fistulation 
most common to the urinary tract.

22.2  Investigations to Diagnose Acute 
Uncomplicated Diverticulitis

C-reactive protein (CRP) has an important predictive value in defining the presence 
and severity of acute diverticulitis. The CRP cutoff value of 149.5 mg/l significantly 
discriminates acute uncomplicated diverticulitis from complicated diverticulitis 

Table 22.1 Differential features between irritable bowel syndrome and symptomatic uncompli-
cated diverticular disease [1]

IBS SUDD
Age Young Older
Gender Females predominant Males predominant
Structural changes in 
the colon

No Yes

Rome III criteria 100% 15%
Pain pattern Short length and frequent 

recurrences
Extended pain episodes (>24 h) with 
long remissions

Pain location Diffuse Left lower quadrant
Bowel changes Diarrhea and/or constipation Diarrhea predominant
Fecal calprotectin 
level

Usually normal Usually increased
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(specificity 65%, sensitivity 85%). In a multivariate analysis, a CRP value of more 
than 150  mg/l and old age were independent risk factors for acute complicated 
diverticulitis. The mean CRP value was significantly higher in patients who died 
(207 mg/l) than in those who survived (139 mg/l). In addition, a CRP value of more 
than 150 mg/l and free abdominal fluid in CT were independent variables, indicat-
ing a high probability of postoperative mortality [10].

Fecal calprotectin (FC) may be useful in differentiating between SUDD and 
IBS. There was no difference between asymptomatic diverticulosis, healthy con-
trols, and IBS patients. Higher FC values were found in acute uncomplicated diver-
ticulitis and in symptomatic uncomplicated DD than in healthy controls and in IBS 
patients. In addition, FC values correlated with the inflammatory infiltrate and 
decreased to normal values after treatment both in acute uncomplicated diverticuli-
tis and in symptomatic uncomplicated DD [11]. Consequently, fecal calprotectin 
might be useful in distinguishing symptomatic uncomplicated diverticular disease 
from irritable bowel syndrome, but a cutoff level needs to be identified.

Possible modalities that have been studied as tools to identify and classify diver-
ticulitis include computed tomography (CT), ultrasound, and magnetic resonance 
imaging (MRI). CT has a high sensitivity (93–97%) and specificity (100%) in the 
diagnosis of acute diverticulitis [12, 13].

A well-performed abdominal ultrasound has a high diagnostic accuracy and also 
has the advantages of avoiding ionizing radiation and easy repetition if needed and 
thus can be useful in pregnancy. A systematic review and meta-analysis of the accu-
racy of CT and ultrasound in diagnosing acute diverticulitis has shown that sum-
mary sensitivity estimates were 92% for ultrasound versus 94% for CT. Summary 
specificity estimates were 90% for ultrasound versus 99% for CT. For the identifica-
tion of alternative diseases, sensitivity ranged between 33 and 78% for ultrasound 
and between 50 and 100% for CT. Therefore, both ultrasound and CT can be used 
as initial diagnostic tools. However, CT is more likely to identify alternative dis-
eases [14].

MRI is highly sensitive (94%) and specific (88%) in the differential diagnoses of 
diverticulitis with positive likelihood ratios of more than 7.5 and negative likelihood 
ratios of less than 0.07 [15]. However, as it is both time-consuming and less avail-
able than CT, it has not gained wide acceptance. MRI is an alternative when ultra-
sound is inconclusive in pregnant women as well as after the acute phase to assist in 
differential diagnoses.

An International Consensus on Diverticulosis and Diverticular Disease pub-
lished in 2019 [16] recommended contrast-enhanced computer tomography (CE- 
CT) as the first-line colonic examination since it offers a more comprehensive 
evaluation of both uncomplicated and complicated forms. CE-CT can also be used 
in therapeutic interventions. Ultrasound has slightly lower sensitivity and specificity 
compared to those of CT in the assessment of acute diverticulitis, and its use as a 
first-line diagnostic procedure—followed by a CT scan in the case of inconclusive 
sonographic findings—may spare the use of CT in more than 50% of cases. 
Ultrasound is useful in monitoring patients after acute diverticulitis and in particular 
the lesions treated conservatively.
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The DICA endoscopic classification seems to have a predictive value on the out-
come of the disease [16].

22.3  Antibiotics in the Treatment of Uncomplicated 
Acute Diverticulitis

Treatment of diverticular disease is based on the intake of fibers and dietary fiber 
supplements and, more recently, has been relying on the poorly absorbed antibiotic 
rifaximin, mesalazine, and probiotics, alone or in combination.

Mild-to-moderate diverticulitis can be treated in an outpatient setting, and thera-
peutic recommendations include liquid and easily digestible diet, analgesics, proper 
hydration, antipyretics, and antispasmodics. No significant differences were 
observed between patients receiving and those not receiving antibiotics, and, hence, 
systemic antibiotic therapy should be reserved for patients with severe disease con-
ditions admitted to the hospital [17], for patients from high-risk groups, e.g., with 
immunodeficiency (HIV, AIDS, on immunosuppressant drugs, steroids) and comor-
bidities (e.g., chronic kidney disease, chronic obstructive pulmonary disease), or for 
elderly patients [18].

Probably the most prescribed oral treatment is the combination of ciprofloxacin 
and metronidazole [19]. However, recent studies have found no support for the rou-
tine use of antibiotics [20]. A systematic review and meta-analysis concluded that 
antibiotic use is not associated with reductions in the rates of major complications, 
disease recurrence rates, or surgical resection, although it may be associated with a 
significantly shorter duration of hospital stay [21].

Two randomized clinical trials (AVOD [22] and DIABOLO [23]) were con-
ducted comparing antibiotic and nonantibiotic treatments in immunocompetent and 
nonseptic patients with uncomplicated acute diverticulitis. There were no differ-
ences in time to recovery from the initial episode or in the duration of hospital stay 
[24]. Furthermore, no differences were observed in the two trials regarding the rates 
of complicated diverticulitis and the need for sigmoid resection after the initial 
diverticulitis episode and in the long term, in the rates of recurrent diverticulitis. In 
the AVOD study, a total of 556 of 623 patients (89.2%) were followed up for a 
median of 11 years. There were no differences between the nonantibiotic and anti-
biotic groups in recurrences, complications, and surgery for diverticulitis or colorec-
tal cancer, thus leading to the conclusion that treatment of uncomplicated acute 
diverticulitis without antibiotics is feasible, safe, and effective. Recently, a pub-
lished meta-analysis has shown that treatment of uncomplicated acute diverticulitis 
without antibiotics is associated with a significantly shorter hospital stay. In this 
study, there was no significant difference in the percentage of patients requiring 
additional treatment or intervention to settle during the initial episode, the rate of 
readmission or deferred admission, the need for surgical or radiological interven-
tion, recurrence, and complications [25].

These findings prove that antibiotics in patients with uncomplicated acute 
diverticulitis should not be used routinely, with selective use reserved for the 
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treatment of those patients with complicated disease, severe infection/sepsis, or 
significant comorbidities. This is reflected in treatment recommendations in the 
current European [4], Dutch [26], Italian [27], German [28], and US [29] 
guidelines.

Mesalazine has been used in patients with SUDD. The justification for the use of 
aminosalicylates is based on the assumption of low-grade inflammation in SUDD 
and symptom generation, whereas overt inflammation may induce diverticulitis 
[30]. After oral or rectal administration, mesalazine is absorbed by colonic epithe-
lial cells and its efficacy is related to its mucosal concentration. The main anti- 
inflammatory mechanisms of mesalazine are not completely understood.

In a systematic review, symptom relief with mesalazine was better than that with 
placebo, high-fiber diet, and low-dose rifaximin. The incidence of diverticulitis with 
mesalazine was lower only when compared with placebo [31]. Everyday mesala-
zine may be better than cyclic administration to prevent relapse [32]. The combina-
tion of cyclic mesalazine and Lactobacillus casei DG seems to be better than placebo 
for maintaining remission of SUDD, but the small size of the study requires confir-
mation [33]. In addition, two randomized, double-blind, placebo-controlled multi-
center trials [34, 35] and one meta-analysis [36] failed to show a positive effect with 
mesalazine.

The rationale for the use of antibiotics with high intraluminal availability is 
based on the evidence that diverticula are pouches of the colonic wall that, in pre-
disposed individuals, favor fecal entrapment, bacterial overgrowth, and potential 
breakdown of the epithelial lining involved in bacterial translocation, mucosal 
inflammation, and complications [37]. This assumption is supported by data show-
ing the presence of dysbiosis in patients with diverticular disease [38]. Rifaximin is 
effective in the treatment of small intestinal bacterial overgrowth (SIBO) and related 
(organic and functional) gastrointestinal disorders [39].

Rifaximin is a nonaminoglycoside, semisynthetic, nonsystemic antibiotic. Use 
of rifaximin (400 mg b.d. for 7 days every month for a year) aims to prevent diver-
ticulitis and its complications, which not only eliminates pathogenic intestinal flora 
but also prevents its excessive growth. In vitro and in vivo, it shows a strong activity 
against Gram-positive and Gram-negative bacteria, both aerobes and anaerobes 
[40]. Rifaximin has shown eubiotic effects since it stimulates the growth of benefi-
cial bacterial species, including Lactobacilli and Bifidobacteria [41, 42]. In addi-
tion, Rifaximin has also shown good anti-inflammatory properties [40]. The safety 
profile of rifaximin is excellent, and adverse events have been rarely reported in the 
many trials conducted, with a number needed to harm (NNH) of 9871 [43, 44].

Both rifaximin and mesalazine have been studied to evaluate their ability in pre-
venting recurrent diverticulitis or persistent symptoms after an episode of acute 
diverticulitis. A systematic review showed a lower likelihood of disease recurrence 
with mesalazine than controls in symptomatic uncomplicated diverticular disease 
but not in acute uncomplicated diverticulitis. There was no difference in the likeli-
hood of developing acute diverticulitis in symptomatic uncomplicated diverticular 
disease between the two groups. However, there was a higher global symptom score 
reduction with mesalazine than controls in acute uncomplicated diverticulitis [44].
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The effect of rifaximin 7 days per month was assessed in a randomized clinical 
trial (3.5 g of high-fiber supplementation b.d. with or without 1 week per month of 
the nonabsorbable antibiotic rifaximin (400  mg b.d.) for 12  months) [45]. 
Recurrences occurred in 10.4% of patients administered rifaximin plus fibers vs. 
19.3% of patients receiving fibers alone. Patients receiving rifaximin for diverticu-
litis diagnosed since ≥1 year also had a lower incidence of recurrences. However, 
the number needed to treat is high and it is hence not clinically useful. On the other 
hand, rifaximin has been found to be effective in treating SUDD symptoms. In par-
ticular, a meta-analysis found that rifaximin was significantly better than some con-
trol therapies (fiber, placebo) to treat symptoms, with an excellent number needed 
to treat [18].

The two observational studies comparing the effects of 7–10  days per month 
rifaximin and mesalazine found opposing results—one was in favor of rifaximin 
[46] and the other was in favor of mesalazine [47].

A newly published review pointed out discrepant evidence regarding the efficacy 
of 5-ASA treatment in the prevention of diverticulitis and has shown the necessity 
of further RCTs [48].

Even though the use of antibiotics remains a disputable issue in the management 
of complicated cases, recent guidelines have revealed that antibiotics can be used 
selectively, rather than routinely, in uncomplicated AD. Regarding the treatment of 
primary and secondary prophylaxis of AD, the efficacy of rifaximin and mesalazine 
was suggested, although the recommendations among the guidelines do not coin-
cide [49].

Thus, we must conclude that the available data are inconsistent and do not ade-
quately demonstrate the positive effect of these drugs on complications and 
recurrence.

22.4  Outpatient Treatment

The vast majority (>70%) of acute presentations of diverticulitis are uncomplicated 
(modified Hinchey classification 0 and Ia by Wasvary), with high success rates of 
conservative management (>90%) [26, 50]. This group of patients contrasts with 
acute diverticulitis associated with an abscess (modified Hinchey Ib/II, reported in 
up to 15–25%) and is already a part of the wide range of complicated diverticulitis 
[50–52].

The treatment of uncomplicated acute diverticulitis has notably evolved since the 
initial report of the practice parameters by the ASCRS in 1995 with intravenous 
antibiotics and fluids, bowel rest, and hospitalization [53]. Whether the treatment 
can be managed in an outpatient or an inpatient setting depends on the health-care 
setup, the presentation, and the severity of symptoms. Nevertheless, three aspects 
are critical for an adequate inpatient or outpatient management of an episode of 
uncomplicated acute diverticulitis: precise diagnosis, tolerance of oral medication, 
and clinical assessment of the patient [54].
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Contrast-enhanced computed tomography (CE-CT) as the gold standard of 
cross-sectional imaging enables precisely and reliably to distinguish complicated 
acute diverticulitis (with perforation or abscess) from uncomplicated acute diver-
ticulitis [55]. This has changed the thinking about (fear of missing an alternative 
pathology or difficulty in establishing a diagnosis), and also the management of, 
uncomplicated acute diverticulitis [56]. The diagnosis of uncomplicated acute 
diverticulitis by CT applying the modified Hinchey classification by Wasvary is now 
standard in clinical practice and investigation (Hinchey I subdivided as Ia when 
inflammation is restricted to a pericolic area and as Ib when a pericolic abscess is 
identified) [54]. In the treatment of uncomplicated acute diverticulitis, not only are 
established guidelines advocating antibiotics questioned but also hospitalization for 
uncomplicated acute diverticulitis in selected patients is challenged [57, 58].

Generally, clinical improvement in patients affected by uncomplicated acute 
diverticulitis is observed within 3–4 days. In hospitalized patients, following the 
change from intravenous to oral treatment, the patient usually can be discharged to 
finish another 7–10 days treatment course [59–61]. However, various studies have 
questioned this standard of hospitalization.

Two recent meta-analyses have identified 19 and 21 studies including 2303 and 
1781 ambulatory-treated patients, respectively, and have investigated outpatient 
treatment versus hospitalization for uncomplicated diverticulitis of the left colon 
[62, 63]. Of these studies, one is a randomized multicenter study, the DIVER 
trial [64].

Patients with comorbidities (diabetes, heart failure, renal insufficiency, or 
obstructive pulmonary disorder) were excluded from outpatient management in 
some studies [65–67], whereas, in others (including DIVER), these patients were 
included regardless. A systematic review identified a Charlson score of 3 or greater 
as an independent risk factor for complications [65]. However, in other studies [63], 
neither a Charlson score of 3 or greater nor the presence of diabetes could be dem-
onstrated to predict the need for surgery, prolonged admission, or readmission [68, 
69]. Due to these literature findings, the comorbidity score is not considered an 
absolute contraindication for the outpatient management of uncomplicated acute 
diverticulitis, but clinical judgment should be applied [65].

Based on the exclusion criteria used in the above studies, several international 
guidelines and various meta-analyses emphasize that ambulatory treatment is only 
applicable in patients who tolerate oral diet, have an adequate social network, and 
do not suffer from associated severe comorbidities or immunosuppression [63, 70]. 
All these criteria ensure that the patient is able to fulfill the prescribed oral antibiotic 
treatment, understand the situation and warning signs, does not suffer from an 
increased vulnerability to infectious complications, and realizes when to ask for 
help in case of not being able to fend for oneself.

In the randomized DIVER trial, the treatment in both management groups failed 
in a total of 7 out of 132 patients. Of these, four patients (6.1%) from the hospital-
ization group and three patients (4.5%) from the outpatient group required readmit-
tance to the hospital. No differences were found between both groups with respect 
to the primary objective, i.e., readmission to the hospital. Reported readmission 
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rates from other studies on outpatient treatment ranged from 0 to 14.3%. In com-
parison, the incidence of readmission after discharge for the hospitalized group 
ranged from 0 to 33% [64].

One of the aforementioned meta-analysis performed a pooled analysis of the 
incidence of readmission on all outpatient treatments, finding a readmission rate of 
7%. After outpatient treatment, the rate of readmission and drainage of a diverticu-
lar abscess was 0.2% (2 of 1082 patients) and the rate of urgent surgery was 0.2% 
(2 of 1288 patients) [62]. In the DIVER study, neither percutaneous drainage nor 
urgent surgery was necessary. There was no related mortality within 60 days of the 
diagnosis [64].

Readmission is necessary in the majority of cases for persisting abdominal pain 
or vomiting and thus the inability to take oral medication but in the absence of any 
diverticular complications. Several systematic reviews show that even if readmis-
sion is needed for parenteral treatment or pain control, the risk of a worsened clini-
cal picture and the need for aggressive measures is low [71, 72]. Most studies 
compare outpatient treatment to a reference group fulfilling one or more exclusion 
criteria for outpatient treatment and thus are not strictly comparable due to selection 
bias [73–78]. A recent meta-analysis has commented on pooled rates including 21 
studies showing an overall failure rate of 4.3%, defining failure as emergency 
admission to the hospital within 60 days for acute diverticulitis [63].

These findings demonstrate the safety of outpatient treatment for a selected 
group of patients with uncomplicated acute diverticulitis.

Clinical control in outpatient management varies essentially between the differ-
ent studies from one visit in outpatient clinics 4–7 days after diagnosis [66] to a 
daily visit at home by a medical team or a sort of outpatient hospitalization includ-
ing parenteral antibiotic treatment at home [77]. The daily follow-up telephone call 
within the DIVER trial to control temperature, general conditions, and pain and to 
adjust diet and analgesia was abandoned in the routine practice after completion of 
the DIVER study. There is just one appointment in the outpatient clinic scheduled 
10–15  days after diagnosis. Nevertheless, the threshold to repeat the diagnostic 
workup with clinical exploration, blood analysis, and computed tomography should 
be low for the patient presenting again at the emergency department with worsening 
of the clinical condition or increase of pain. However, there are no studies or recom-
mendations on the diagnostic workup if treatment failure is suspected. A great num-
ber of studies have assessed the risk of treatment failure for complicated diverticulitis, 
but the literature is scarce for uncomplicated diverticulitis.

The DIVER trial also assessed the quality of life at day 14 and at day 60 after 
diagnosis. An improvement in the quality of life could be measured between 14 and 
60 days of follow-up without differences between the hospitalized and ambulatory 
patients [64].

Finally, it has been shown that outpatient treatment significantly reduces the 
costs of treating uncomplicated acute diverticulitis. Five studies refer to the costs of 
the two treatments [64, 74, 79–81]. The cost reduction of ambulatory treatment 
ranges between 42 and 82%. In the DIVER trial, the costs were three times lower 
for ambulatory treatment than those for hospitalization (average hospital stay of 
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3 days), with a saving of € 1124.70 (67%) for each patient treated on an outpa-
tient basis.

All guidelines and consensus conferences on diverticulitis of the main national 
and international associations of colorectal surgery and gastroenterology published 
in the last 5 years recommend outpatient treatment for uncomplicated diverticulitis 
in selected patients (specified, e.g., in the guidelines of the European Society of 
Coloproctology as an adequate social network, tolerating oral intake and the absence 
of sepsis, significant comorbidity, and immunosuppression) [4].

The recently published guidelines of the Japan Gastroenterological Association 
[82] and the Clinical Practice Guidelines Committee of the American Society of 
Colon and Rectal Surgeons have not even dedicated an individual paragraph to the 
outpatient treatment of uncomplicated diverticulitis, but the ASCRS goes even fur-
ther with the statement that “Antibiotic treatment alone for abscesses smaller than 
3 cm is typically successful and, in stable patients, treatment can usually be admin-
istered in the outpatient setting” [54].

A recent systematic review has supported the outpatient treatment approach, 
suggesting that 97% of uncomplicated cases could be treated as outpatients with a 
substantial cost-saving effect. [83].

The most typical regimen for outpatient treatment published to date comprises 
antibiotics in most protocols and starts on a liquid-only diet, which is gradually 
progressed over the following days. The most commonly prescribed antibiotics are 
amoxicillin–clavulanic acid or ciprofloxacin and metronidazole in penicillin- 
allergic patients. The duration of antibiotic therapy ranges from 7 to 14  days in 
those who received antibiotics. [64–66, 74, 84–87].

The acceptance of ambulatory treatment in uncomplicated diverticulitis is 
reflected in a decline in hospital admissions from 58.0% in 2006 to 47.1% in 2013 in 
the USA, although diverticulitis-related emergency department visits rose from 
89.8 to 113.9 visits per 100,000 population between 2006 and 2013 [88]. The com-
bination of an aging population and the increased prevalence of diverticular disease 
will also drive an increase in presentations of acute diverticulitis and may put pres-
sure on limited inpatient systems [65].

Concerning the risk of recurrence, 3 studies including 240 patients on outpatient 
treatment reported a follow-up of about 1  year. These studies reported an acute 
diverticulitis recurrence rate of 13.0% in the outpatient group versus 12.1% in the 
hospitalization group [66, 74, 89]; so, ambulatory treatment does not influence dis-
ease recurrence.

22.5  Diet

Upon diagnosis of uncomplicated acute diverticulitis, short-term food deprivation 
or low dietary fiber intake—generally defined as less than 10 g/day—is traditionally 
recommended [90].

Bowel rest is usually used in clinical routines as it is believed that a less-active 
bowel reduces colonic irritation and reinflammation [91]. Conceptually, this dogma 
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would be based on a low-fiber diet theoretically reducing the frequency and the 
volume of stools to favor passage through the inflamed segment, thus allowing the 
inflammation to improve more quickly [65].

This low-residue diet regimen is normally administered in an inpatient setting, 
but it is also recommended in outpatient care. Although there is a lack of studies 
advocating dietary restrictions and supporting that bowel rest is required for resolu-
tion of an acute episode of uncomplicated cases, traditional practice and some 
guidelines advise a low-fiber diet [17, 59]. However, the Dutch guidelines of 2012 
abandoned this advice [26].

Evidence, however scarce, with a lack of high-quality interventional research 
and risk of bias [92], demonstrated an unrestricted diet in uncomplicated acute 
diverticulitis with shorter hospitalization to be equal to a restricted diet for the out-
comes of recovery, gastrointestinal symptoms, and complications; moreover, a lib-
eralized diet tends to have lower health-care use and costs. A prospective study 
found a complication rate of 8.1%, leaving patients with an unrestrictive diet in a 
first episode of acute uncomplicated diverticulitis [93], which is similar to the litera-
ture data on diet restriction [62, 64]. These data were confirmed in a retrospective 
study and a randomized trial, showing no differences in complications but a shorter 
hospital stay in the groups of less-restricted diets [58, 94].

Beyond that, there are data suggesting that bowel rest in acute diseases of the 
colon is ineffective in reducing inflammation, risk of infection, and other complica-
tions [95]. Based on a systematic literature review, a liberalized diet is recommended 
for patients with uncomplicated diverticulitis (i.e., allowing consumption of solid 
food). There seems to be no evident difference for treatment failures between liber-
alized and restricted diets, recurrence or patient symptoms; on the other hand, liber-
alized diets may decrease the length of hospital stay and prevent restriction of 
essential nutrient intake [92].

Similar to outpatient treatment of uncomplicated acute diverticulitis, the major-
ity of patients would probably prefer food autonomy having a low risk of harm and 
likely benefits to patients and the health-care system. In many units, the opposite 
strategy, i.e., gentle bowel stimulation and cleansing with small aliquots of magne-
sium citrate, might help reduce the stool load to promote resolution of symptoms 
and—if surgery should be needed—increase the chances for a primary anastomo-
sis [50].

22.6  Controversies in Uncomplicated Diverticulitis: 
Semi- Urgent Surgery in Radiologically 
Uncomplicated Diverticulitis

Although uncomplicated acute diverticulitis has a benign disease course, a few 
patients are at increased risk of short-term complications including the need for 
emergent surgery. Identification of these patients may favor the selection of treat-
ment strategies such as outpatient treatment or antibiotic treatment.
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It is logical, and some authors strongly recommend the clinical routine to set a 
time frame for benchmarks expected to be attained. For example, within 72 h after 
initiation of an appropriate treatment, symptoms and objective parameters (pain, 
fever, leukocytosis, systemic inflammatory response syndrome (SIRS), etc.) need to 
completely resolve or at least improve. Failure to achieve this goal should prompt 
either (1) repeat imaging to discern whether a drainable abscess has formed or (2) a 
necessity for surgical intervention.

It is poorly understood why a 1–5% fraction of patients with seemingly uncom-
plicated diverticulitis on initial imaging do not respond to standard conservative 
management and ultimately require a semi-emergent surgical intervention, but the 
literature on this is scarce [50, 51, 96].

A recent observational study has analyzed 1087 patients with initially CT-proven 
uncomplicated diverticulitis and found that 4.9% (53/1087) developed complicated 
diverticulitis within 3 months, with colonic obstruction (2.1%), perforation (1.2%), 
abscess (0.7%), and fistula (0.8%). However, most perforations and abscesses (76%) 
with need for semi-urgent surgery occurred during the first 10 days after diagno-
sis [97].

Other retrospective studies found the same complications (perforation, abscess, 
colonic obstruction, or fistula) in initially uncomplicated diverticulitis in 2.0–2.7% 
of patients within 1 month from diagnosis [98, 99]. Two retrospective cohort studies 
on uncomplicated diverticulitis just reported rates of inpatient semi-urgent interven-
tions for diverticular complications, which occurred in 3.5 [100] and 7.1%, and the 
latter study also reported 0% of postoperative complications in these patients [51]. 
In our own retrospective study on acute diverticulitis in patients under 50 years, we 
found the need for a semi-urgent surgical intervention in 7% of patients [101].

Another observational study analyzed a subgroup of uncomplicated acute diver-
ticulitis (Hinchey 1a), but with free air within 5 cm of the inflamed segment and 
found a rate of 9% for semi-urgent surgery within a median of 6 days after initial 
diagnosis [102].

As independent risk factors for the transition from uncomplicated to complicated 
diverticulitis contribute the American Society of Anesthesiologists (ASA) classifi-
cation III/IV, duration of symptoms longer than 5 days before diagnosis, vomiting, 
and C-reactive protein (CRP) above 140 mg/L [97].

However, the most recent recommendations of the ASCRS comment on this 
problem, without any reference to the literature, are scarce: “patients who do not 
significantly improve from a clinical standpoint with medical therapy or continue 
with significant abdominal pain or the inability to tolerate enteral nutrition are typi-
cally recommended to undergo colectomy. … Clinical judgment ultimately deter-
mines the need for definitive surgical treatment in this setting” [54].

Conflict of interest No conflicts of interest are declared.

References

 1. Scarpignato C, Barbara G, Lanas A, Strate LL. Management of colonic diverticular disease 
in the third millennium: highlights from a symposium held during the united European gas-
troenterology week 2017. Ther Adv Gastroenterol. 2018;11:1756284818771305.

S. Biondo et al.



285

 2. Spiller RC, Humes DJ, Campbell E, Hastings M, Neal KR, Dukes GE, et  al. The patient 
health questionnaire 12 somatic symptom scale as a predictor of symptom severity and con-
sulting behaviour in patients with irritable bowel syndrome and symptomatic diverticular 
disease. Aliment Pharmacol Ther. 2010;32(6):811–20.

 3. Di Mario F, Miraglia C, Cambiè G, Violi A, Nouvenne A, Franceschi M, et al. Long-term 
efficacy of rifaximin to manage the symptomatic uncomplicated diverticular disease of the 
colon. J Investig Med. 2019;67(4):767–70.

 4. Schultz JK, Azhar N, Binda GA, Barbara G, Biondo S, Boermeester MA, et al. European 
Society of Coloproctology: guidelines for the management of diverticular disease of the 
colon. Color Dis. 2020;22(Suppl 2):5–28.

 5. Peery AF, Keku TO, Addamo C, McCoy AN, Martin CF, Galanko JA, et al. Colonic diver-
ticula are not associated with mucosal inflammation or chronic gastrointestinal symptoms. 
Clin Gastroenterol Hepatol. 2018;16(6):884–891.e1.

 6. Tursi A, Scarpignato C. Symptomatic uncomplicated diverticular disease: chronic abdomi-
nal pain in diverticulosis is not enough to make the diagnosis. Clin Gastroenterol Hepatol. 
2018;16(12):2001–2.

 7. Banasiewicz T, Francuzik W, Bobkiewicz A, Krokowicz Ł, Borejsza-Wysocki M, Paszkowski 
J, et al. The influence of rifaximin on diverticulitis rate and quality of life in patients with 
diverticulosis. Pol Przegl Chir. 2017;89(1):22–31.

 8. Cohen E, Fuller G, Bolus R, Modi R, Vu M, Shahedi K, et  al. Increased risk for 
irritable bowel syndrome after acute diverticulitis. Clin Gastroenterol Hepatol. 
2013;11(12):1614–9.

 9. Jung H-K, Choung RS, Locke GR, Schleck CD, Zinsmeister AR, Talley NJ.  Diarrhea- 
predominant irritable bowel syndrome is associated with diverticular disease: a population- 
based study. Am J Gastroenterol. 2010;105(3):652–61.

 10. Mäkelä JT, Klintrup K, Takala H, Rautio T.  The role of C-reactive protein in predic-
tion of the severity of acute diverticulitis in an emergency unit. Scand J Gastroenterol. 
2015;50(5):536–41.

 11. Tursi A, Brandimarte G, Elisei W, Giorgetti GM, Inchingolo CD, Aiello F. Faecal calprotectin 
in colonic diverticular disease: a case-control study. Int J Color Dis. 2009;24(1):49–55.

 12. Ambrosetti P, Grossholz M, Becker C, Terrier F, Morel P. Computed tomography in acute left 
colonic diverticulitis. Br J Surg. 1997;84(4):532–4.

 13. Cho KC, Morehouse HT, Alterman DD, Thornhill BA. Sigmoid diverticulitis: diagnostic role 
of CT--comparison with barium enema studies. Radiology. 1990;176(1):111–5.

 14. Laméris W, van Randen A, Bipat S, Bossuyt PMM, Boermeester MA, Stoker J. Graded com-
pression ultrasonography and computed tomography in acute colonic diverticulitis: meta- 
analysis of test accuracy. Eur Radiol. 2008;18(11):2498–511.

 15. Heverhagen JT, Sitter H, Zielke A, Klose KJ. Prospective evaluation of the value of mag-
netic resonance imaging in suspected acute sigmoid diverticulitis. Dis Colon Rectum. 
2008;51(12):1810–5.

 16. Tursi A, Brandimarte G, Di Mario F, Lanas A, Scarpignato C, Bafutto M, et al. International 
consensus on diverticulosis and diverticular disease. Statements from the 3rd international 
symposium on diverticular disease. J Gastrointestin Liver Dis. 2019;28(suppl. 4):57–66.

 17. Pietrzak A, Bartnik W, Szczepkowski M, Krokowicz P, Dziki A, Reguła J, et al. Polish inter-
disciplinary consensus on diagnostics and treatment of colonic diverticulosis (2015). Pol 
Przegl Chir. 2015;87(4):203–20.

 18. Bianchi M, Festa V, Moretti A, Ciaco A, Mangone M, Tornatore V, et  al. Meta-analysis: 
long-term therapy with rifaximin in the management of uncomplicated diverticular disease. 
Aliment Pharmacol Ther. 2011;33(8):902–10.

 19. Tursi A, Papa A, Danese S.  Review article: the pathophysiology and medical manage-
ment of diverticulosis and diverticular disease of the colon. Aliment Pharmacol Ther. 
2015;42(6):664–84.

 20. Tandon A, Fretwell VL, Nunes QM, Rooney PS. Antibiotics versus no antibiotics in the treat-
ment of acute uncomplicated diverticulitis—a systematic review and meta-analysis. Color 
Dis. 2019;62(8):1005–12.

22 Treatment for Uncomplicated Acute Diverticulitis



286

 21. Mocanu V, Dang JT, Switzer N, Tavakoli I, Tian C, Gara C de et al. The role of antibiotics in 
acute uncomplicated diverticulitis: a systematic review and meta-analysis. Am J Surg 2018; 
216(3):604–609.

 22. Isacson D, Smedh K, Nikberg M, Chabok A. Long-term follow-up of the AVOD randomized 
trial of antibiotic avoidance in uncomplicated diverticulitis. Br J Surg. 2019;106(11):1542–8.

 23. van Dijk ST, Daniels L, Ünlü Ç, de Korte N, van Dieren S, Stockmann HB, et  al. Long- 
term effects of omitting antibiotics in uncomplicated acute diverticulitis. Am J Gastroenterol. 
2018;113(7):1045–52.

 24. Chabok A, Påhlman L, Hjern F, Haapaniemi S, Smedh K. Randomized clinical trial of anti-
biotics in acute uncomplicated diverticulitis. Br J Surg. 2012;99(4):532–9.

 25. Au S, Aly EH. Treatment of uncomplicated acute diverticulitis without antibiotics: a system-
atic review and meta-analysis. Dis Colon Rectum. 2019;62(12):1533–47.

 26. Andeweg CS, Mulder IM, Felt-Bersma RJF, Verbon A, van der Wilt GJ, van Goor H, et al. 
Guidelines of diagnostics and treatment of acute left-sided colonic diverticulitis. Dig Surg. 
2013;30(4–6):278–92.

 27. Cuomo R, Barbara G, Pace F, Annese V, Bassotti G, Binda GA, et al. Italian consensus con-
ference for colonic diverticulosis and diverticular disease. United European Gastroenterol 
J. 2014;2(5):413–42.

 28. Kruis W, Germer C-T, Leifeld L. Diverticular disease: guidelines of the german society for 
gastroenterology, digestive and metabolic diseases and the german society for general and 
visceral surgery. Digestion. 2014;90(3):190–207.

 29. Stollman N, Smalley W, Hirano I. American Gastroenterological Association Institute guide-
line on the management of acute diverticulitis. Gastroenterology. 2015;149(7):1944–9.

 30. Barbara G, Cremon C, Barbaro MR, Bellacosa L, Stanghellini V. Treatment of diverticular 
disease with Aminosalicylates: the evidence. J Clin Gastroenterol. 2016;50(Suppl 1):S60–3.

 31. Picchio M, Elisei W, Brandimarte G, Di Mario F, Malfertheiner P, Scarpignato C, et  al. 
Mesalazine for the treatment of symptomatic uncomplicated diverticular disease of the colon 
and for primary prevention of diverticulitis: a systematic review of randomized clinical trials. 
J Clin Gastroenterol. 2016;50(Suppl 1):S64–9.

 32. Tursi A, Di Mario F, Brandimarte G, Elisei W, Picchio M, Loperfido S, et al. Tu1181 intermit-
tent versus every-day Mesalazine therapy in preventing complications of diverticular disease: 
a long-term follow-up study. Gastroenterology. 2013;144(5):S-782–3.

 33. Tursi A, Brandimarte G, Elisei W, Picchio M, Forti G, Pianese G, et al. Randomised clini-
cal trial: mesalazine and/or probiotics in maintaining remission of symptomatic uncompli-
cated diverticular disease--a double-blind, randomised, placebo-controlled study. Aliment 
Pharmacol Ther. 2013;38(7):741–51.

 34. Raskin JB, Kamm MA, Jamal MM, Márquez J, Melzer E, Schoen RE, et al. Mesalamine 
did not prevent recurrent diverticulitis in phase 3 controlled trials. Gastroenterology. 
2014;147(4):793–802.

 35. Kruis W, Kardalinos V, Eisenbach T, Lukas M, Vich T, Bunganic I, et al. Randomised clini-
cal trial: mesalazine versus placebo in the prevention of diverticulitis recurrence. Aliment 
Pharmacol Ther. 2017;46(3):282–91.

 36. Khan RMA, Ali B, Hajibandeh S.  Effect of mesalazine on recurrence of diverticulitis in 
patients with symptomatic uncomplicated diverticular disease: a meta-analysis with trial 
sequential analysis of randomized controlled trials. Color Dis. 2018;20(6):469–78.

 37. Humes DJ, Spiller RC. Review article: the pathogenesis and management of acute colonic 
diverticulitis. Aliment Pharmacol Ther. 2014;39(4):359–70.

 38. Barbara G, Scaioli E, Barbaro MR, Biagi E, Laghi L, Cremon C, et  al. Gut microbiota, 
metabolome and immune signatures in patients with uncomplicated diverticular disease. Gut. 
2017;66(7):1252–61.

 39. Cuomo R, Barbara G, Annibale B. Rifaximin and diverticular disease: position paper of the 
Italian Society of Gastroenterology (SIGE). Dig Liver Dis. 2017;49(6):595–603.

 40. Scarpignato C, Pelosini I. Experimental and clinical pharmacology of rifaximin, a gastroin-
testinal selective antibiotic. Digestion. 2006;73(Suppl 1):13–27.

S. Biondo et al.



287

 41. Soldi S, Vasileiadis S, Uggeri F, Campanale M, Morelli L, Fogli MV, et al. Modulation of 
the gut microbiota composition by rifaximin in non-constipated irritable bowel syndrome 
patients: a molecular approach. Clin Exp Gastroenterol. 2015;8:309–25.

 42. Ponziani FR, Scaldaferri F, Petito V, Paroni Sterbini F, Pecere S, Lopetuso LR, et al. The 
role of antibiotics in gut microbiota modulation: the Eubiotic effects of Rifaximin. Dig Dis. 
2016;34(3):269–78.

 43. Gatta L, Scarpignato C.  Systematic review with meta-analysis: rifaximin is effective and 
safe for the treatment of small intestine bacterial overgrowth. Aliment Pharmacol Ther. 
2017;45(5):604–16.

 44. Iannone A, Ruospo M, Wong G, Barone M, Principi M, Di Leo A, et  al. Mesalazine for 
people with diverticular disease: a systematic review of randomized controlled trials. Can J 
Gastroenterol Hepatol. 2018;2018:5437135.

 45. Lanas A, Ponce J, Bignamini A, Mearin F. One year intermittent rifaximin plus fibre supple-
mentation vs. fibre supplementation alone to prevent diverticulitis recurrence: a proof-of- 
concept study. Dig Liver Dis. 2013;45(2):104–9.

 46. Festa V, Spila Alegiani S, Chiesara F, Moretti A, Bianchi M, Dezi A, Traversa G, Koch 
M. Retrospective comparison of long-term ten-day/month rifaximin or mesalazine in preven-
tion of relapse in acute diverticulitis. Eur Rev Med Pharmacol Sci. 2017;21:6.

 47. Tursi A, Elisei W, Giorgetti GM, Inchingolo CD, Nenna R, Picchio M, Maiorano M, Penna 
A, Lecca PG, Brandimarte G. Effectiveness of different therapeutic strategies in preventing 
diverticulitis recurrence. Eur Rev Med Pharmacol Sci. 2013;17:342–8.

 48. Stefanelli G, Viscido A, Valvano M, Vernia F, Frieri G, Ashktorab H, et  al. Is mesalazine 
treatment effective in the prevention of diverticulitis? A review. Eur Rev Med Pharmacol Sci. 
2020;24(15):8164–76.

 49. Carabotti M, Annibale B. Treatment of diverticular disease: an update on latest evidence and 
clinical implications. Drugs Context. 2018;7:212526.

 50. Hanna MH, Kaiser AM.  Update on the management of sigmoid diverticulitis. World J 
Gastroenterol. 2021;27(9):760–81.

 51. Kaiser AM, Jiang J-K, Lake JP, Ault G, Artinyan A, Gonzalez-Ruiz C, et al. The manage-
ment of complicated diverticulitis and the role of computed tomography. Am J Gastroenterol. 
2005;100(4):910–7.

 52. Devaraj B, Liu W, Tatum J, Cologne K, Kaiser AM. Medically treated diverticular abscess 
associated with high risk of recurrence and disease complications. Dis Colon Rectum. 
2016;59(3):208–15.

 53. Roberts P, Abel M, Rosen L, Cirocco W, Fleshman J, Leff E, et  al. Practice parameters 
for sigmoid diverticulitis. The standards task force American Society of Colon and Rectal 
Surgeons. Dis Colon Rectum. 1995;38(2):125–32.

 54. Hall J, Hardiman K, Lee S, Lightner A, Stocchi L, Paquette IM, et al. The American Society 
of Colon and Rectal Surgeons clinical practice guidelines for the treatment of left-sided 
colonic diverticulitis. Dis Colon Rectum. 2020;63(6):728–47.

 55. Ambrosetti P, Becker C, Terrier F. Colonic diverticulitis: impact of imaging on surgical man-
agement -- a prospective study of 542 patients. Eur Radiol. 2002;12(5):1145–9.

 56. Morris AM, Regenbogen SE, Hardiman KM, Hendren S. Sigmoid diverticulitis: a systematic 
review. JAMA. 2014;311(3):287–97.

 57. Hjern F, Josephson T, Altman D, Holmström B, Mellgren A, Pollack J, et al. Conservative 
treatment of acute colonic diverticulitis: are antibiotics always mandatory? Scand J 
Gastroenterol. 2007;42(1):41–7.

 58. Ridgway PF, Latif A, Shabbir J, Ofriokuma F, Hurley MJ, Evoy D, et al. Randomized con-
trolled trial of oral vs intravenous therapy for the clinically diagnosed acute uncomplicated 
diverticulitis. Color Dis. 2009;11(9):941–6.

 59. Köhler L, Sauerland S, Neugebauer E.  Diagnosis and treatment of diverticular disease: 
results of a consensus development conference. The scientific Committee of the European 
Association for endoscopic surgery. Surg Endosc. 1999;13(4):430–6.

 60. Stollman N, Raskin JB. Diverticular disease of the colon. Lancet. 2004;363(9409):631–9.

22 Treatment for Uncomplicated Acute Diverticulitis



288

 61. Tursi A.  Diverticulosis today: unfashionable and still under-researched. Ther Adv 
Gastroenterol. 2016;9(2):213–28.

 62. van Dijk ST, Bos K, de MGJ B, Draaisma WA, van Enst WA, Felt RJF, et al. A systematic 
review and meta-analysis of outpatient treatment for acute diverticulitis. Int J Color Dis. 
2018;33(5):505–12.

 63. Cirocchi R, Randolph JJ, Binda GA, Gioia S, Henry BM, Tomaszewski KA, et  al. Is the 
outpatient management of acute diverticulitis safe and effective? A systematic review and 
meta-analysis. Tech Coloproctol. 2019;23(2):87–100.

 64. Biondo S, Golda T, Kreisler E, Espin E, Vallribera F, Oteiza F, et al. Outpatient versus hospi-
talization management for uncomplicated diverticulitis: a prospective, multicenter random-
ized clinical trial (DIVER trial). Ann Surg. 2014;259(1):38–44.

 65. Hawkins AT, Wise PE, Chan T, Lee JT, Glyn T, Wood V, et al. Diverticulitis: an update from 
the age old paradigm. Curr Probl Surg. 2020;57(10):100862.

 66. Alonso S, Pera M, Parés D, Pascual M, Gil MJ, Courtier R, et al. Outpatient treatment of 
patients with uncomplicated acute diverticulitis. Color Dis. 2010;12(10 Online):e278–82.

 67. Rueda JC, Jimenez A, Caro A, Feliu F, Escuder J, Gris F, et al. Home treatment of uncompli-
cated acute diverticulitis. Int Surg. 2012;97(3):203–9.

 68. Young-Fadok TM. Diverticulitis. N Engl J Med. 2018;379(17):1635–42.
 69. Yoo T, Yang KH, Kim J, Park I, Cho H, Gwak G, et al. Predictive factors affecting the clini-

cal course of patients with diverticulitis: who needs hospital management? Ann Coloproctol. 
2018;34(1):23–8.

 70. Estrada Ferrer O, Ruiz Edo N, Hidalgo Grau L-A, Abadal Prades M, Del Bas RM, Garcia 
Torralbo EM, et al. Selective non-antibiotic treatment in sigmoid diverticulitis: is it time to 
change the traditional approach? Tech Coloproctol. 2016;20(5):309–15.

 71. van Dijk ST, Rottier SJ, van Geloven AAW, Boermeester MA. Conservative treatment of 
acute colonic diverticulitis. Curr Infect Dis Rep. 2017;19(11):44.

 72. Balasubramanian I, Fleming C, Mohan HM, Schmidt K, Haglind E, Des WC. Out-patient 
Management of Mild or uncomplicated diverticulitis: a systematic review. Dig Surg. 
2017;34(2):151–60.

 73. Ünlü Ç, Gunadi PM, Gerhards MF, Boermeester MA, Vrouenraets BC. Outpatient treatment 
for acute uncomplicated diverticulitis. Eur J Gastroenterol Hepatol. 2013;25(9):1038–43.

 74. Moya P, Arroyo A, Pérez-Legaz J, Serrano P, Candela F, Soriano-Irigaray L, et  al. 
Applicability, safety and efficiency of outpatient treatment in uncomplicated diverticulitis. 
Tech Coloproctol. 2012;16(4):301–7.

 75. Sirany A-ME, Gaertner WB, Madoff RD, Kwaan MR. Diverticulitis diagnosed in the emer-
gency room: is it safe to discharge home? J Am Coll Surg. 2017;225(1):21–5.

 76. Joliat G-R, Emery J, Demartines N, Hübner M, Yersin B, Hahnloser D. Antibiotic treatment 
for uncomplicated and mild complicated diverticulitis: outpatient treatment for everyone. Int 
J Color Dis. 2017;32(9):1313–9.

 77. Mora López L, Flores Clotet R, Serra Aracil X, Montes Ortega N, Navarro SS. The use of the 
modified Neff classification in the management of acute diverticulitis. Rev Esp Enferm Dig. 
2017;109(5):328–34.

 78. Mali JP, Mentula PJ, Leppäniemi AK, Sallinen VJ. Symptomatic treatment for uncomplicated 
acute diverticulitis: a prospective cohort study. Dis Colon Rectum. 2016;59(6):529–34.

 79. Lorente L, Cots F, Alonso S, Pascual M, Salvans S, Courtier R, et al. Tratamiento ambula-
torio de la diverticulitis aguda no complicada: impacto sobre los costes sanitarios. Cir Esp. 
2013;91(8):504–9.

 80. Martín Gil J, Serralta De Colsa D, García Marín A, Vaquero Rodríguez A, Rey Valcárcel C, 
Pérez Díaz MD, et al. Eficiencia y seguridad del tratamiento ambulatorio de la diverticulitis 
aguda. Gastroenterol Hepatol. 2009;32(2):83–7.

 81. Rodríguez-Cerrillo M, Poza-Montoro A, Fernandez-Diaz E, Romero AI.  Patients with 
uncomplicated diverticulitis and comorbidity can be treated at home. Eur J Intern Med. 
2010;21(6):553–4.

S. Biondo et al.



289

 82. Nagata N, Ishii N, Manabe N, Tomizawa K, Urita Y, Funabiki T, et al. Guidelines for colonic 
diverticular bleeding and colonic diverticulitis: Japan gastroenterological association. 
Digestion. 2019;99(Suppl 1):1–26.

 83. Jackson JD, Hammond T. Systematic review: outpatient management of acute uncomplicated 
diverticulitis. Int J Color Dis. 2014;29(7):775–81.

 84. Ünlü Ç, van de Wall BJ, Gerhards MF, Wiezer M, Draaisma WA, Consten EC, et al. Influence 
of age on clinical outcome of acute diverticulitis. J Gastrointest Surg. 2013;17(9):1651–6.

 85. Sánchez-Velázquez P, Grande L, Pera M. Outpatient treatment of uncomplicated diverticuli-
tis: a systematic review. Eur J Gastroenterol Hepatol. 2016;28(6):622–7.

 86. Swanson SM, Strate LL.  Acute Colonic Diverticulitis. Ann Intern Med. 
2018;168(9):ITC65–80.

 87. You H, Sweeny A, Cooper ML, von Papen M, Innes J. The management of diverticulitis: a 
review of the guidelines. Med J Aust. 2019;211(9):421–7.

 88. Bollom A, Austrie J, Hirsch W, Nee J, Friedlander D, Ellingson K, et al. Emergency depart-
ment burden of diverticulitis in the USA, 2006-2013. Dig Dis Sci. 2017;62(10):2694–703.

 89. Peláez N, Pera M, Courtiera R, Sánchez J, José Gil M, Parés D, et al. Aplicabilidad, seguridad 
y eficacia de un protocolo de tratamiento ambulatorio de la diverticulitis aguda no compli-
cada. Cir Esp. 2006;80(6):369–72.

 90. Lijoi D, Ferrero S, Mistrangelo E, Della Casa I, Crosa M, Remorgida V, et al. Bowel prepa-
ration before laparoscopic gynaecological surgery in benign conditions using a 1-week 
low fibre diet: a surgeon blind, randomized and controlled trial. Arch Gynecol Obstet. 
2009;280(5):713–8.

 91. de Korte N, Klarenbeek BR, Kuyvenhoven JP, Roumen RMH, Cuesta MA, Stockmann 
HBAC. Management of diverticulitis: results of a survey among gastroenterologists and sur-
geons. Color Dis. 2011;13(12):e411–7.

 92. Dahl C, Crichton M, Jenkins J, Nucera R, Mahoney S, Marx W, et al. Evidence for dietary 
fibre modification in the recovery and prevention of reoccurrence of acute, uncomplicated 
diverticulitis: a systematic literature review. Nutrients. 2018;10(2)

 93. Stam MAW, Draaisma WA, van de Wall BJM, Bolkenstein HE, Consten ECJ, Broeders 
IAMJ. An unrestricted diet for uncomplicated diverticulitis is safe: results of a prospective 
diverticulitis diet study. Color Dis. 2017;19(4):372–7.

 94. van de Wall BJM, Draaisma WA, van Iersel JJ, van der Kaaij R, Consten ECJ, Broeders 
IAMJ. Dietary restrictions for acute diverticulitis: evidence-based or expert opinion? Int J 
Color Dis. 2013;28(9):1287–93.

 95. Mattei P, Rombeau JL. Review of the pathophysiology and management of postoperative 
ileus. World J Surg. 2006;30(8):1382–91.

 96. Peery AF. Management of colonic diverticulitis. BMJ. 2021;372:n72.
 97. Rottier SJ, van Dijk ST, Ünlü Ç, van Geloven AAW, Schreurs WH, Boermeester 

MA. Complicated disease course in initially computed tomography-proven uncomplicated 
acute diverticulitis. Surg Infect. 2019;20(6):453–9.

 98. Chabok A, Andreasson K, Nikberg M. Low risk of complications in patients with first-time 
acute uncomplicated diverticulitis. Int J Color Dis. 2017;32(12):1699–702.

 99. Bolkenstein HE, van de Wall BJM, Consten ECJ, Broeders IAMJ, Draaisma WA. Risk fac-
tors for complicated diverticulitis: systematic review and meta-analysis. Int J Color Dis. 
2017;32(10):1375–83.

 100. Jaung R, Kularatna M, Robertson JP, Vather R, Rowbotham D, Maccormick AD, et  al. 
Uncomplicated acute diverticulitis: identifying risk factors for severe outcomes. World J 
Surg. 2017;41(9):2258–65.

 101. Biondo S, Parés D, Martí Ragué J, Kreisler E, Fraccalvieri D, Jaurrieta E. Acute colonic 
diverticulitis in patients under 50 years of age. Br J Surg. 2002;89(9):1137–41.

 102. Vogels S, Frouws M, Morks AN, Roos D, van den Bremer J, Koch SMP, et al. Treating acute 
colonic diverticulitis with extraluminal pericolic air: an acute care surgery in the Netherlands 
(ACCSENT) multicenter retrospective cohort study. Surgery. 2021;169(5):1182–7.

22 Treatment for Uncomplicated Acute Diverticulitis



291© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2022
A. Tursi et al. (eds.), Colonic Diverticular Disease, 
https://doi.org/10.1007/978-3-030-93761-4_23

T. Milosavljeviċ (*) 
Clinical Centre of Serbia, University of Belgrade, Belgrade, Serbia
e-mail: tommilos@hotmail.com 

L. Herszènyi 
Second Department of Medicine, Semmelweis University, Budapest, Hungary
e-mail: hersz@bel2.sote.hu

23Treatment for Complicated Acute 
Diverticulitis
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Clinically, diverticulitis is defined as a severe episode of lower abdominal pain that 
is usually left-sided, accompanied by low-grade fever, leukocytosis, and change in 
bowel movements [1–3]. Complicated diverticulitis occurs when inflammation 
leads to abscess, perforation and/or peritonitis, obstruction, and/or fistula. 
Approximately 12% of patients with diverticulitis present with complicated disease.

Risk factors for complicated diverticulitis include immunosuppression (e.g., cor-
ticosteroids and other immunosuppressive medications, chemotherapy, organ trans-
plantation, and chronic renal failure). Nonsteroidal anti-inflammatory drug (NSAID) 
use is strongly associated with complicated diverticulitis including perforation. 
Another medication associated with complicated diverticulitis includes opiate anal-
gesics. The risk of complicated diverticulitis is usually the highest during the first 
episode and decreases with subsequent episodes.

Guidelines classify diverticulitis as complicated and uncomplicated, based on 
computed tomography (CT) images.

Many associations strongly recommend an initial examination consisting of a 
specific history of the presenting complaint, physical examination, complete blood 
count, and urinalysis [4, 5]. Commencing treatment without imaging is reasonable 
in symptomatic patients with a previous history of diverticulitis, after completing a 
detailed history and physical examination. Yet, despite improved clinical scoring 
systems, misdiagnosis is common for patients presenting with the first episode of 
diverticulitis, due to the many differential diagnostic possibilities: irritable bowel 
syndrome, appendicitis, urinary tract infections, kidney stones, neoplasia, and 
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bowel obstruction. Clinical evaluation alone is often insufficient in the first diagno-
sis of diverticulitis and can lead to misdiagnosis. A radiological evidence of inflam-
mation is needed for a definitive diagnosis of diverticulitis.

23.1  Biochemical Tests

All guidelines recommend that clinical diagnosis should consider the presenting 
complaint, physical examination, and biochemistry [3]. However, there is a contro-
versy on whether biochemical tests can confirm diagnosis. All guidelines recognize 
that biochemistry alone is insufficient. CRP is recognized as the most powerful 
independent factor in the differentiation of diverticulitis from other abdominal con-
ditions, but it only has diagnostic power if considered in combination with other 
factors, including white blood cell count. Other guidelines do not discuss the bio-
chemical markers of diverticulitis. The negative predictive value of CRP below 50 
mg/L is 79% for perforation in acute sigmoid diverticulitis.

In summary, biochemical markers are recommended in a routine evaluation. A 
high CRP and a high white blood cell count may help determine the severity of 
disease. Biochemical tests, however, do not confirm diagnosis.

Computed tomography (CT) is considered the best imaging choice for initial 
evaluation of patients with suspected diverticulitis because of its high sensitivity 
and specificity (94 and 99%, respectively) and its ability to detect other causes of 
left lower quadrant pain. CT confirms the diagnosis of diverticulitis, evaluates the 
severity and extent of the disease, guides management plans for the treatment of 
abscesses, and detects other causes of abdominal pain [1].

All major guidelines agree on its high predictive accuracy in diagnosing diver-
ticulitis [3]. CT is not indicated routinely as a means to assess resolution of diver-
ticulitis. However, when an outpatient’s symptoms are not improving or have 
worsened after 5 days, a repeat CT would be recommended to ensure that the dis-
ease has not progressed. There is generally a lack of consensus regarding the use of 
a contrast in CT. Some guidelines and studies classify CT using oral, intravenous, 
or colonic contrasts as optimal. Other guidelines do not offer discussions or recom-
mend contrast-enhanced CT over unenhanced CT. In the past, barium enema was 
the first-line imaging examination for diverticulitis. It is now surpassed by CT, 
mostly due to evidence showing superior diagnostic accuracy with CT.  Barium 
enema is now discouraged following case studies reporting diverticular perfora-
tions. Nevertheless, water-soluble iodinated contrast enema is still used in some 
centers to evaluate suspected perforation.

In summary, CT has replaced barium enema as the primary imaging choice.
Ultrasound: High-resolution transabdominal ultrasound is considered an alterna-

tive imaging modality for suspected diverticulitis. The reported summary sensitivity 
is 92% and specificity is 90%. The guidelines from the Association of Coloproctology 
of Great Britain and Ireland (ACPGBI) recommend that CT or ultrasound should be 
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used depending on local expertise. This was agreed upon by expert physicians from 
six countries at the 3rd International Symposium on Diverticular Disease of the 
Colon in 2019 [2]. Contrast-enhanced computer tomography (CE-CT) should be 
considered as the first-line colonic examination since it offers a more comprehen-
sive evaluation of both uncomplicated and complicated forms; CE-CT can also be 
used to guide therapeutic interventions. Ultrasound has slightly lower sensitivity 
and specificity compared to those of CT in the assessment of acute diverticulitis, 
and its use as a first-line diagnostic procedure—followed by a CT scan in the case 
of inconclusive sonographic findings—may spare the use of CT in more than 50% 
of cases. Most guidelines also recognize that ultrasound may be useful in patients in 
whom CT scanning is contraindicated (e.g., pregnancy, contrast allergy, renal insuf-
ficiency). Ultrasound coupled with i.v. contrast agents (CEUS) differentiates 
between peri-intestinal phlegmon and abscess and demonstrates the actual exten-
sion of the abscess in acute diverticulitis. Two European guidelines recommend a 
conditional CT scan after a negative or inconclusive ultrasound [6, 7]. Ultrasound 
has acknowledged limitations compared with CT. It is highly operator-dependent 
and requires sonographer expertise. It is also dependent on body habitus as it cannot 
penetrate the extensive soft tissue or air-filled structures, resulting in poor image 
quality in obese patients or in those with overlying gas. In addition, probing may 
cause discomfort in patients with abdominal tenderness. In summary, ultrasound 
can be used to diagnose diverticulitis if carried out by an expert sonographer and is 
preferred in select patients where CT scanning is contraindicated. Ultrasound is use-
ful in monitoring patients after acute diverticulitis and in particular the lesions 
treated conservatively.

23.2  Magnetic Resonance Imaging

The use of magnetic resonance imaging (MRI) in the diagnosis of diverticulitis is an 
area of controversy. Preliminary data show potential for MRI in assessing diverticu-
litis, with one of its major advantages being its lack of ionizing radiation. Moreover, 
it is less operator-dependent than ultrasound. Two small studies also suggest that 
MRI provides a better image to distinguish colonic carcinoma from inflammation; 
however, these preliminary data require confirmation by larger studies. The sensitiv-
ity and specificity of MRI are reported to be as high as 94 and 92%, respectively. 
The ASCRS recommends MRI as a useful alternative to CT to limit the patient’s 
radiation exposure. The American College of Radiology, ACPGBI, NSS, and DSS 
acknowledge the potential of MRI, but fall short of recommendation due to lack of 
systematic analysis and consensual data. The clinical applicability in Australia is 
further questioned, as Medicare rebates do not apply to MRI scans for this indica-
tion. In summary, MRI use is not currently widely recommended for diagnosis of 
diverticulitis.
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23.3  Colonoscopy

Whether patients should have a colonoscopy after an episode of diverticulitis 
depends on the patient’s history, most recent colonoscopy, disease severity, and 
course. Colonoscopy is advised after an episode of complicated diverticulitis and 
after a first episode of uncomplicated diverticulitis, but can be deferred if a recent 
high-quality colonoscopy (within 1 year) was performed [1]. After an acute epi-
sode of diverticulitis, colonoscopy should be delayed by 6–8 weeks or until com-
plete resolution of the acute symptoms, whichever is longer. Colonoscopy should 
be considered sooner if alarming symptoms are present [8].

Perforated colon cancer mimics both clinical evaluation and CT findings of 
diverticulitis. Owing to this, in the past, all major guidelines recommended a 
routine colonoscopy after CT-diagnosed diverticulitis to avoid misdiagnosis of 
a colonic neoplasm. However, systematic reviews of the literature have now 
specified that the evidence base supports routine colonoscopy only for cases of 
complicated diverticulitis. There are insufficient data to support the recommen-
dation of routine colonoscopy for uncomplicated diverticulitis; its value has 
been further rebuked by large studies showing that the incidence of colorectal 
cancers after uncomplicated diverticulitis was not different to that observed in 
the general population. A systematic review and meta-analysis reported that 
routine colonoscopy in this group of patients yielded the same cancer incidence 
(around 0.7%) as that of the general population undergoing asymptomatic 
screening. Nonetheless, colonoscopy is still indicated for some uncomplicated 
diverticulitis cases, such as patients in whom a CT scan has identified short seg-
ments of disease with several diverticula (suggesting a more malign pathology) 
and patients who would otherwise fulfill the criteria for routine national screen-
ing. In Australia, the need for colonoscopy is based on the results of fecal occult 
blood testing, age, and other risk factors, including family history, set out in the 
National Bowel Cancer Screening Program. Similar recommendations are 
shared by the American Gastroenterological Association [9], which adds that 
colonoscopy should only be performed if a high-quality colonoscopy has not 
been performed recently (within 12 months). This decision is based on the tim-
ing and quality of previous colonoscopy, comorbidities, persistent symptoms, 
and patient preference. For complicated cases of diverticulitis, a follow-up colo-
noscopy is still warranted to rule out a colonic neoplasm. Even when colonos-
copy is indicated, the NSS does not recommend it in the acute phase, as air 
insufflation and scope manipulation may cause a full perforation. A 6-week 
waiting period after diagnosis is recommended by several guidelines, to allow 
time for resolution of inflammation. In summary, colonoscopy is recommended 
for all cases of complicated diverticulitis 6 weeks after CT-diagnosed inflamma-
tion and in uncomplicated diverticulitis where there are concerning findings on 
CT or where the patient otherwise meets the national screening criteria.
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23.4  Management of Complicated Diverticulitis

All guidelines currently recommend the use of intravenous broad-spectrum antibi-
otics and bowel rest for patients with complicated diverticulitis [2, 3, 7, 9–13].

Due to the lack of quality trials to provide evidence of the optimal treatment 
strategy, there is no universal practice for the management of complicated diverticu-
litis [14, 15].

According to the widely used modified Hinchey classification based on CT find-
ings, patients with stage 0 and stage Ia diverticulitis have uncomplicated diverticu-
litis, whereas patients with stages Ib, II, III, and IV disease have complicated 
diverticulitis. The management of patients with stage Ib disease depends on the size 
of the abscess and the severity of presentation. It is generally agreed that bowel rest 
and intravenous antibiotics are sufficient for small abscesses of less than 3  cm. 
Patients with stage II (distant and larger abscesses of 3–5 cm) require antibiotics 
and generally percutaneous drainage as a bridge to elective surgical resection. 
Patients with stages III and IV disease (purulent and feculent peritonitis, respec-
tively) require urgent surgical management [16].

Inpatient nonoperative treatment, including broad-spectrum antibiotics, bowel 
rest, and percutaneous drainage (followed by oral antibiotics and liquids or a low- 
residue diet in outpatients) are successful in 91% of all patients with complicated 
diverticulitis and in 95% of patients deemed appropriate for nonoperative treatment 
(i.e., perforation with or without abscess without peritonitis).

There is no recommended method for drainage [6, 12, 13, 17, 18]. In summary, 
smaller pericolic abscesses can be conservatively managed with bowel rest and anti-
biotics; larger abscesses of 3–5 cm should be percutaneously drained. Patients with 
peritonitis and sepsis should receive fluid resuscitation, rapid antibiotic administra-
tion, and urgent surgery.

Inpatient intravenous antibiotic treatment of mild-to-moderate complicated 
diverticulitis includes as single agents moxifloxacin and amoxicillin–clavulanic 
acid and cephalosporin, ciprofloxacin, and levofloxacin each in combination with 
metronidazole as multiple agents, whereas inpatient treatment of severe compli-
cated diverticulitis, peritonitis, includes imipenem–cilastatin, meropenem, and 
piperacillin–tazobactam as single agents and cephalosporin, ciprofloxacin, and 
levofloxacin each in combination with metronidazole as multiple agents.

With up to 20% of patients with acute diverticulitis failing nonoperative manage-
ment, it is important to understand the main criteria that warrant surgical interven-
tion [18, 19]. In general, patients who require emergency or urgent surgery for 
diverticulitis in the acute setting fall into three main categories: (1) signs of diffuse 
peritonitis and/or free perforation; (2) suspicion of underlying malignancy; and (3) 
inadequate response to nonoperative measures (antibiotics, bowel rest, percutane-
ous abscess drainage) after 72 h as demonstrated by persistent symptoms and lack 
of normalization of objective findings (fever, tachycardia, leukocytosis). The pres-
ence of complicated diverticulitis (abscess, fistulae, stricture) by itself generally 
does not mandate an emergency/urgent surgical intervention [20–22].
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24.1  Introduction

Acute diverticulitis is a heterogeneous pathological process that varies from mild 
uncomplicated inflammation to complicated disease, including abdominal abscesses 
or free perforation with purulent or fecal peritonitis [1]. The severity of complicated 
diverticulitis is commonly classified into four stages by the CT-based Hinchey 
score [2].

In Western countries, acute diverticulitis represents a significant socioeconomic 
burden on patients and health-care systems. Indeed, the prevalence of hospitaliza-
tion for diverticulitis is reported to be as high as 70–160 per 100,000 population per 
year [3, 4]. Furthermore, it is estimated that 8–38% of patients with acute diverticu-
litis present a complicated disease [5, 6].

The management of acute diverticulitis has evolved over time. In recent years, 
the improvement of antibiotics and the development of percutaneous techniques 
have allowed a successful nonsurgical management in 80% of patients with acute 
diverticulitis [7]. In particular, uncomplicated disease and diverticulitis with a local-
ized abscess (stages I–II) are generally approached with conservative treatment. 
Surgical treatment is considered the standard therapy for severe diverticulitis with 
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perforation and generalized peritonitis (stages III–IV) or if conservative treatment 
fails [7, 8].

Optimal surgical treatment of diverticulitis remains poorly defined with 
regard to patient selection, timing, and technical approach in both elective and 
acute settings. Based on high-quality evidence, laparoscopic resection with pri-
mary anastomosis (PRA) is considered the preferred approach to elective colec-
tomy if adequate expertise is available [9, 10]. In emergent and urgent settings, 
the role and outcomes of the type of operations, such as PRA or Hartmann’s 
procedure (HP), as well as the approach, laparoscopic or open, have not been 
well studied and data are limited to low-quality randomized controlled trials and 
retrospective and nonrandomized studies. Based on a common context, general 
peritonitis, in hemodynamically unstable patients, is considered a contraindica-
tion for primary anastomosis and laparoscopic approach, especially when fecal. 
In this setting, laparotomy and Hartmann’s procedure are still the most com-
monly used procedures [11]. The surgical treatment of acute complicated diver-
ticulitis in stable patients is still a matter of intense debate. The treatment goals 
in this setting are different: resolution of the sepsis and symptoms and low 
complication rate maintaining intestinal continuity. Current guidelines and sys-
tematic reviews state that laparoscopy in an urgent setting should be restricted 
to selected cases in high-volume centers [10, 12]. Unquestionably, advanced 
skills in emergency minimally invasive colorectal surgery are crucial for suc-
cessful laparoscopic treatment. However, in an acute setting, the presence of an 
experienced colorectal surgeon is not always realistic and open surgery still 
represents a valid choice.

The open surgical treatment of acute diverticulitis was first described by Mayo in 
1907 [13]. It consisted of a three-stage approach: first, peritoneal lavage and cre-
ation of a proximal loop colostomy, followed by resection of the diseased colonic 
segment with anastomosis, and finally colostomy closure.

During the 1980s, HP became the standard therapy because resection of the 
source of sepsis at the time of index procedure was shown to improve postoperative 
morbidity and mortality [14]. The Hartmann’s procedure consists of a sigmoid 
resection without reconstruction, burying the rectal stump, and performing a termi-
nal colostomy. At the second stage, the colostomy is reversed. However, Hartmann’s 
reversal may be a complex and time-consuming procedure associated with high 
surgical risk, particularly in older patients with many comorbidities [15]. As a result, 
up to 50% of patients remain with an ostomy [16, 17]. For this reason, during the 
1990s, some authors [18] reported the role of resection and primary anastomosis 
(PRA) in the treatment of acute diverticulitis even in case of diffuse purulent or 
fecal peritonitis.

Based on the current evidences, the surgical strategy for diverticular disease 
remains challenging, with the needs to be tailored and individualized based on the 
severity and stage of disease, patient’s comorbidities, surgeon’s skills, and hospital 
resources. Despite the development of minimally invasive surgery, open surgery 
continues to play an important role in the treatment of diverticulitis. The indications 
for the open approach vary according to the clinical setting: emergent, urgent, or 
elective.
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24.2  The Role of Open Surgery in Acute Settings

24.2.1  Urgent Surgery

Surgical strategy in perforated diverticulitis with diffuse purulent or fecal peritonitis 
in hemodynamically stable patients remains controversial. The goal is a balance 
between the increased risk of anastomotic failure and the consideration that end 
colostomies created under these circumstances are often permanent [16].

The open Hartmann’s procedure has been the standard of care for perforated diver-
ticulitis [12] and remains a safe approach for sigmoidectomy in diverticular peritoni-
tis, especially in elderly patients and in patients with multiple comorbidities.

Hartmann's procedure is still the most commonly performed operation in an 
acute setting, with rates remaining relatively constant over the past decade [7]. 
Moreover, the open approach remains the most widely used [7], and although in 
highly selected and fit patients and in expert hands, laparoscopic sigmoidectomy for 
perforated diverticulitis is feasible, this approach cannot be extended uncondition-
ally to the routine practice.

Computed tomography image of perforated diverticulitis with free air and fluids

ED management of an eczematous flare
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International guidelines recommend open resection without a clear preference 
for restoring bowel continuity: the decision should take into account patient factors, 
intraoperative findings, and surgeon preference [10, 12].

Some authors reported the role of primary resection and anastomosis with or 
without a diverting stoma. Temporary loop ileostomy has the major benefit of avoid-
ing end colostomy and significant risks, in terms of morbidity and mortality, associ-
ated with Hartmann’s procedure reversal [17]. Most of the evidences relating to the 
safety of primary anastomosis in this setting are obtained from retrospective case 
series, with their limitations and selection bias [19, 20]. Few randomized trials have 
been published.

A randomized clinical trial comparing Hartmann’s procedure (HP) and resection 
with primary anastomosis (PRA) and diverting ileostomy in the treatment of 
Hinchey III and IV was published in 2012. Oberkofler et al. [21] compared patients 
from four different centers with colonic perforation and purulent or fecal peritonitis 
who underwent nonrestorative resection (n = 30) or resection with primary anasto-
mosis and defunctioning ileostomy (n = 32). In both groups, the stoma reversal 
operation was planned after 3 months. The study was prematurely interrupted due 
to a low accrual rate and safety reasons. An interim analysis was carried out and 
showed a significant difference in relevant secondary outcomes. The overall compli-
cation rate (primary outcome) for both resection and stoma reversal operations was 
similar (80 vs 84%, respectively, P = 0.813). Although the outcome after the initial 
colon resection did not show any significant differences in mortality and morbidity, 
the stoma reversal rate after PRA with diverting ileostomy was higher (90 vs 57%, 
respectively, P = 0.005), and serious complications (Clavien–Dindo IIIb–IV: 0 vs 
20%, P = 0.046), operating time, hospital stay, and in-hospital costs were signifi-
cantly reduced in the PRA group.

Another randomized trial, by Binda et  al. [22], was conducted to compare 
Hartmann’s operation and resection with primary anastomosis in terms of adverse 
events, defined as mortality and morbidity following PRA or HP and stoma reversal, 
as the primary end point. During a 9-year period, 90 patients from 14 centers in 8 
countries were randomly assigned to undergo PRA (34 patients) or HP (56 patients). 
There was no significant difference in mortality and morbidity, following PRA and 
HP. Despite a similar stoma reversal rate, adverse event rates following stoma rever-
sal were significantly lower after PRA than HP (4.5 vs 23.5%; P = 0.0589). 
Unfortunately, the study was interrupted due to paucity of the sample size and 
authors reported it as inconclusive.

In 2017, Bridoux et al. [23] provided additional evidence in favor of resection 
with primary anastomosis. They demonstrated a significantly higher rate of defini-
tive colostomy (stoma reversal rate at 18 months: 96% PA vs 65% HP; p = 0.0001) 
after Hartmann’s procedure, despite a comparable rate of mortality, which was the 
primary outcome, as well as morbidity and a severe complication rate.

The largest randomized clinical trial that addressed the issue is the DIVA arm of 
the LADIES trail [24] for Hinchey III and IV, which analyses the 12-month stoma- 
free survival in 130 patients from 34 European centers who underwent Hartmann’s 
procedure (n = 66) or sigmoidectomy with primary anastomosis (n = 64). This 
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particular outcome describes both the risk of mortality and the likelihood of stoma 
reversal. Lambrichts et al. reported a significantly better 12-month stoma-free sur-
vival in patients with primary anastomosis, both for Hinchey III (79.8% HP vs 95.3 
PRA; p = 0.00025) and IV (51.9% HP vs 92.2% PA; p = 0.0016). This result sug-
gests not only a higher rate of stomal reversal after primary anastomosis but also 
describes a group of patients without defunctioning ileostomy. This innovative fea-
ture introduced in the LADIES trial highlights another important advantage, which 
is obviously impossible to achieve in Hartmann’s procedure: the possibility to avoid 
a stoma. Moreover, despite no significant differences in short-term morbidity and 
mortality after the index procedures, lower overall morbidity (30% HP vs 8% PRA; 
p = 0.023) after stoma reversal in PRA is reported.

Based on these findings supporting resection with primary anastomosis as a safe 
and beneficial alternative to Hartmann’s procedure, especially in terms of the stoma 
reversal rate, in 2014, the American Society of Colon and Rectal Surgeons (ASCRS) 
included it as an option for perforated diverticulitis in hemodynamically stable 
patients [25]. Despite these, in the clinical practice, its adoption is still limited.

In 2017, Cauley et al. [11] published a national retrospective cohort study. They 
showed that although the rate of primary anastomosis with diverting ileostomy 
increased from 30 to 60 per 1000 operative diverticulitis cases in a period from 1998 
to 2011, the overall use remained low, with more than 90% of patients undergoing 
end colostomy. Moreover, they observed a higher rate of mortality and complica-
tions in patients undergoing primary anastomosis versus those receiving nonrestor-
ative operations.

This evidence may be explained taking into account that randomized studies sup-
porting primary anastomosis were conducted in large-volume referral centers by sur-
geons with colorectal board certification and thus may not reflect what really happens 
in a general practice. Some surgeons have expressed concerns over performing these 
more complex operations in the middle of the night with support staff who are unfa-
miliar with the equipment needed for a primary colorectal anastomosis [26, 27].

Goldstone et al. [28], in their state-wide retrospective cohort study, underlined 
that utilization of primary anastomosis with proximal diversion was greater among 
colorectal surgeons with significantly reduced postoperative mortality, but the vast 
majority of emergent surgeries for perforated diverticulitis (94%) are not performed 
by colorectal surgeons.

Limited data are available for studying the role of laparoscopic resection in 
patients with diffuse peritonitis due to perforated diverticulitis. However, laparo-
scopic resection may be feasible in stable patients even in the presence of purulent 
and fecal diverticular peritonitis [29].

The WSES (World Society of Emergency Surgery) guidelines [12] and the 
EASES (European Association of Endoscopic Surgery) and SAGES (Society of 
American Gastrointestinal and Endoscopic Surgery) 2018 consensus conference 
[10] suggest performing a laparoscopic sigmoidectomy for perforated diverticulitis 
only in an appropriate clinical setting, with proper equipment and technical skills. 
These guidelines are based on low-quality evidence because no randomized con-
trolled trial has been published about this topic.

24 Open Treatment of Acute Diverticulitis



306

In 2016, Vennix et al. [30] performed a systematic review of 4 case series and 1 
cohort study in which a total of 104 patients underwent emergency laparoscopic 
resection for perforated diverticulitis (84 Hartmann and 20 primary anastomosis 
without defunctioning ileostomy). No anastomotic leak was observed, surgical rein-
tervention was necessary in two patients, the conversion rate varied from 0 to 19%, 
and three patients died postoperatively. A recent meta-analysis [29], including more 
than 400 patients from 4 prospective studies, has revealed significant advantages 
associated with a laparoscopic over the open approach to emergency sigmoidec-
tomy in acute diverticulitis in terms of postoperative complication rates. Despite 
these excellent results, high-quality prospective or randomized studies are needed to 
demonstrate the benefits of emergency laparoscopic sigmoidectomy compared to 
those of open sigmoidectomy for perforated diverticulitis.

24.2.2  Emergent Surgery

Severe diffuse peritonitis in hemodynamically unstable patients with an overwhelm-
ing systemic inflammatory response is a life-threatening condition characterized by 
high mortality and morbidity rates [31, 32]. An immediate surgical intervention for 
source control is the cornerstone of treatment, besides adequate antimicrobial ther-
apy, restoration of fluid and electrolyte imbalances, and physiological support of 
organ systems.

In this scenario, the goal is to save life and time is a luxury. These kinds of 
patients are not excellent candidates for complex or long procedures. Common 
sense suggests that surgery should be fast and lean and thus the open approach, 
limited resection with a complete multiquadrant peritoneal toilet, avoiding anasto-
mosis, is preferred.

Despite low-quality evidence proving or disproving these concerns, Hartmann’s 
procedure is strongly recommended in critically ill patients by the WSES guidelines 
[12] and by the EASES and SAGES 2018 consensus conference [10].

Moreover, the WSES guidelines [12] and the EASES and SAGES 2018 consen-
sus conference [10] suggest considering a “damage control strategy” (DCS), with 
staged laparotomies, for unstable patients with perforated diverticulitis, to improve 
outcomes and to reduce the rate of end colostomies. In a DCS, patients are initially 
managed with peritoneal lavage, limited resection of the involved bowel, and suture 
of blind colonic stumps, with temporary abdominal closure. After stabilization in 
the intensive care unit, a second-look surgery is performed to restore intestinal 
continuity.

In 2010, Kafka-Ritsch et al. [33] published a prospective observational study 
including 51 patients with perforated diverticulitis Hinchey III or Hinchey 
IV. Patients were initially managed with limited resection, lavage, and tempo-
rary abdominal closure, followed by reconstructive operation 24–48 h later. 
Bowel continuity was restored in 84% patients. The overall mortality rate was 
9.8%, anastomotic leak rate was 13%, and fascial closure was achieved in all 
patients.
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In 2016, Sohn et al. [34] performed a case–control study comparing traditional 
strategy with damage control. They found no differences in morbidity and mortality, 
but the stoma rate was significantly reduced in the damage control group.

In 2020, Cirocchi et al. [35] published a meta-analysis on the role of damage 
control surgery in the treatment of perforated colonic diverticulitis. They reported 
about 62.1% of restoring intestinal continuity following the DCS approach, with a 
major leak rate of 4.7% and an overall mortality rate of 9.2%.

Limitations related to significant heterogeneity of the inclusion criteria, in par-
ticular the low rate of patients with septic shock, might suggest considering these 
results with extreme caution. Guidelines limit this strategy only in extremely ill 
patients who cannot withstand major surgery [12].

24.3  The Role of Open Surgery in Elective Settings

Determining the optimal management for patients with diverticular disease after 
recovery from complicated and uncomplicated diverticulitis involves a balance of the 
morbidity, mortality, risk of recurrence, and quality of life expected. The indications 
for elective colectomy following uncomplicated and complicated diverticulitis remain 
unclear. In general, guidelines [10, 12] favor individualized treatment decisions and a 
more selective use of elective colectomy. It has been estimated that 4–35% of success-
fully nonoperatively managed patients will undergo elective surgery [8].

The role of the open approach in elective surgery is limited and decreases over 
time. In 2016, Papageorge et al. [36] published a retrospective cohort study of a 
prospectively maintained National Surgical Quality Improvement Program (NSQIP) 
database, including patients undergoing nonemergent surgery for diverticulitis from 
2005 to 2013. The use of laparoscopy increased significantly from 48% in 2005/2006 
to 70% in 2013 (p < 0.001), and the absolute risk of any postoperative complication 
decreased by 5.8% over the study period, driven primarily by a reduction in infec-
tious complications. In 2021, Napolitano et al. [37] published a retrospective review 
of the prospectively maintained Veterans Affairs Surgical Quality Improvement 
Program (VASQIP) database, including patients undergoing elective surgery for 
diverticular disease from 2004 to 2018. The 15-year time period of the study was 
then divided into 3-year increments to assess changes in approaches and outcomes 
over time. The rates of open surgery decreased from 81.7 to 46.9% (p < 0.001), 
whereas use of laparoscopy increased from 18.3 to 47.8% (p < 0.001) during the 
study period. Increased utilization of laparoscopy coincided with fewer complica-
tions and a shorter length of stay.

Since 2005, a Cochrane review [38] of short-term outcomes among 3526 patients 
from 25 randomized trials including surgeries for benign or malignant colorectal 
diseases has showed clinically relevant advantages of laparoscopic resections over 
the open approach in terms of surgical morbidities, length of postoperative hospital 
stay, and postoperative pain.

Laparoscopic surgery for elective resection for diverticular disease and its com-
plications is strongly recommended over open surgery in several international 
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guidelines [9, 10]. It seems important to underline that these recommendations are 
limited to surgeons with wide laparoscopic experience and in referral centers. High- 
volume surgeons and hospitals are significantly more likely to perform laparoscopic 
surgery for diverticular disease compared with low-volume surgeons and hospitals 
[39]. If this expertise is not available, or other technical concerns render minimally 
invasive surgery unsafe, then traditional open techniques should be used to perform 
the safest possible operation with optimal outcomes for the patient. However, cau-
tion is needed in complex cases, such as patients with complicated intestinal fistula. 
Although the laparoscopic approach for fistulized diverticulitis has shown to be 
feasible and safe, conversion rates as high as 18–61% have been reported for left 
colectomies for colovesical fistula [40, 41].

Despite the approach, laparoscopic or open, there are some technical cornerstones 
in elective surgical treatment for diverticulitis. Complete sigmoid colonic resection is 
mandatory, with distal transection at or below the rectosigmoid junction, to avoid the 
risk of recurrent disease. The proximal margin should be on the descending colon, in 
an area free from inflammation or thickening. Contrary to the principle of colorectal 
oncological surgery, high ligation of the inferior mesentery artery (IMA) is not 
imperative; its preservation should be considered to guarantee an optimal vascular 
supply for any anastomosis. Although routine mobilization of the splenic flexure is 
not supported by evidence, the descending colon should be fully mobilized to pro-
vide sufficient colonic length to form a tension-free anastomosis [10].

24.4  Conclusions

Surgery for diverticular disease and its complications may be difficult and challeng-
ing even in an elective setting. Multidisciplinary evaluation and careful selection of 
patients is necessary to achieve good results.

There seems to be a lack of a universal approach that can be considered the gold 
standard in case of diverticular disease and its complications. The best therapeutic 
option is definitely a customized evaluation based on the severity of disease and its 
symptoms, the quality of life expected for patients undergoing surgery, and its 
potential risks, taking into account the surgeon’s expertise and hospital resources.

In the era of minimally invasive colorectal surgery, the open approach seems to 
be dated and antique but still represents a valid and safe choice especially in acute 
settings, in technically complex cases and in critically ill patients.
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Nowadays, acute diverticulitis is a condition that is treated primarily medically, and 
surgery is kept as a reserve when medical treatment fails. This is in spite of a known 
higher recurrence with medical treatment versus surgical resection. The data are not 
from comparative studies; however, a systematic review showed that medical treat-
ment has a threefold risk of recurrence of diverticulitis than surgical resection (18 v. 
6%) [1]. The reason that guidance has become more conservative is that elective 
surgery for diverticulitis carries considerable operative risks with an overall risk of 
complications of 50% [2].

The current guidance [3] has moved away from considering the number of acute 
episodes as an indication for elective surgery, and the recommendation of several 
national guidelines is to make an individualized decision regarding resection which 
is individualised, based on patient condition and circumstances. There is no justifi-
cation in surgery in the absence of evidence of inflammation (either ongoing or in 
documented prior attacks) [4]. However, this concerns the decision for elective sur-
gery, in view of recurrent episodes or to treat chronic symptoms and in some cases 
to eliminate the risk of recurrence. Elective surgery for diverticular disease is 
described in another chapter of this book.

Emergency surgery in diverticulitis is often performed as an “open” laparotomy, 
and this topic is also described in another chapter.

The question this chapter examines is: is there a place for laparoscopic surgery 
for acute diverticulitis and its complications?
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Laparoscopic abdominal surgery is already three decades old, so it should not be 
considered novel any longer. Following the initial reports, laparoscopic colectomy 
for cancer has been affirmed by randomized trials [5] and systematic reviews [6] for 
more than 20 years now.

However, the acute abdomen presents many technical challenges and is also 
often accompanied by systemic illness, sepsis, and its consequences. The systemic 
condition of the patient should always be taken into consideration when the surgical 
approach is chosen. This is because, for all its advantages, laparoscopic surgery also 
has some occasional disadvantages such as the potential for a longer operating time, 
which may be undesirable in unstable patients.

Laparoscopic surgery has been tried and has succeeded in all kinds of abdominal 
emergencies in the hands of appropriately trained surgeons [7]. Acute diverticulitis 
can occasionally present as one of the more severe abdominal emergencies, both in 
terms of anatomy (adhesions, abscesses, fistulas) and in terms of septic unstable 
patients.

Nonelective surgery for acute diverticulitis and its complications can be emer-
gency (in free perforation), urgent (within days due to failure of medical treatment), 
or expedited (within weeks of the attack). In case of expedited surgery, this is usu-
ally for the type of condition recently described as “smouldering diverticulitis” [8], 
i.e., inflammation that does not settle completely and flares up once again a few 
days or weeks after discharge and interruption of antibiotics. Typically, those 
patients have a “cluster” of symptomatic episodes, clinical attendances, or readmis-
sions within a short period of a few months. Many of those patients are consistent 
with the description provided by Ambrosetti et al. [9] who showed that the forma-
tion of abscess and extracolonic contrast or gas predicts the failure of medical treat-
ment and the development of complications, hence indicating a need for surgery.

Surgery for Hinchey III and IV peritonitis would be expected to take place as 
emergency, whereas Hinchey I and II would comprise the great majority of surgery 
that is performed as urgent or expedited.

25.1  Technical Considerations

From the technical point of view, laparoscopic pneumoperitoneum is safe and fast 
to perform. In the presence of abdominal distension caused by peritonitis, the open 
Hasson trocar technique can minimize the risk of injuring the bowel. After the initial 
camera port, the remaining ports can be placed safely under direct vision. It will 
then be immediately obvious whether there is fecal material or free pus in the abdo-
men and thus a decision on how to proceed can be made. In contemporary Western 
hospitals, almost all surgeons are trained in laparoscopy and this initial diagnostic 
step can be performed by the average on-call general surgeon and not just by the 
specialist. If the patient is not overtly septic and the circulation is stable, there is no 
harm in performing a diagnostic laparoscopy in almost all patients.

The amount of adhesions in the abdomen can be highly variable, and thus sub-
stantial surgical skills may be required for safe adhesiolysis. A full small bowel 
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adhesiolysis may be necessary to completely visualize the left colon, which is the 
site of diverticulitis in the vast majority of cases in the Western hemisphere. In the 
rare event of right-sided diverticulitis, this is usually associated with solitary diver-
ticula, which are easier to locate and manage surgically.

In the presence of Hinchey I peritonitis, a thickened inflamed sigmoid is identi-
fied and a sigmoid colectomy can be performed in a standard manner as for any 
other colonic pathology. There has been some debate as to whether the preservation 
of the inferior mesenteric artery or the superior rectal artery should be practiced for 
the theoretical purposes of maintaining better vascular supply of the distal stump 
and thus also theoretically decreasing the risk of anastomotic leak. A study by 
Lehmann et  al. [10] looked into that dilemma and their conclusion was that the 
preservation of those vessels does not offer any advantage in terms of anastomotic 
leak. From the technical point of view, dissection—mobilization of the sigmoid 
colon alongside the same planes as for colorectal cancer with high ligation of the 
inferior mesenteric artery—is easier for most surgeons both because they are famil-
iar with it and also because the increased inflammation and edema of the mesocolon 
is likely to cause bleeding and delay. The “lateral-to-medial” approach is also easier 
in left colectomy for diverticulitis because of the thickness of the mesocolon.

In the presence of Hinchey II peritonitis, the abscess must be located and it must 
be ensured that there is no formation of any fistula with other organs. The sigmoid 
colon may have to be fully mobilized for that purpose if the abscess is posterior. The 
mobilization of the splenic flexure is believed to be protective of the anastomosis 
and it is generally preferred by many colorectal surgeons but it cannot be considered 
mandatory. Nevertheless, there are supporting studies although they are not ran-
domized supporting splenic flexure mobilisation in case of short left colon [11]. It 
has to be noted that laparoscopy offers the advantage of full views of the splenic 
flexure and the spleen and thus has a technical advantage over the open approach.

The left ureter can be at risk of being entangled in the inflammatory tissues and 
great caution should be exercised for its recognition. The preoperative CT scan of 
the patient should have been examined for any warning signs such as subtle hydro-
nephrosis or the presence of an inflammatory mass in the anatomical proximity of 
the left ureter. In case of any concerns, the safest practice is to perform a cystoscopy 
prior to the laparoscopy and place pigtail catheters in the ureters. Even though there 
are no comparative trial results yet to support this recommendation, it is a precau-
tion increasingly taken by many surgeons [12].

Once inside the abdomen, the decision as to which operation to perform is criti-
cal. Laparoscopic peritoneal lavage has been shown to provide relief from symp-
toms of diverticulitis in the short term even in Hinchey III peritonitis [13]; however, 
there are concerns that there can be more recurrences and eventually a need for 
colectomy. Lavage is discussed in another chapter; however, it should be noted that 
for successful lavage, sufficient laparoscopic adhesiolysis and visualization of all 
abdominal quadrants has to be performed.

The point of transection of the colon can be difficult to decide on occasion. In most 
of the cases, acute diverticulitis is a condition localized in the sigmoid colon, which is 
separated by the descending colon with a gradual demarcation zone of receding 
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inflammation. In those cases, it is relatively easy to decide to place a stapler for tran-
section in a reasonably healthy area of the descending colon. In many cases, there are 
more diverticula on the descending colon and even in the whole colon. It is not advis-
able to attempt eliminating all diverticula if they are not inflamed. Reports on extended 
left colectomies or subtotal colectomies for diverticulitis have not shown any benefit 
and can occasionally cause long-term disability from chronic diarrhea. However, 
there can be occasions where active diverticulitis involves or extends up to the 
descending colon. In those cases, it is an error to leave inflamed diverticulitis behind. 
If that is the case a full mobilization of the left colon and an extended left hemicolec-
tomy has to be performed. In those cases, there may be surgical wisdom in trying to 
preserve the left branch of the middle colic artery if the anatomy allows sufficient 
mobilization, although we have no data to confirm that yet.

Following complete mobilization with recognition and preservation of both ure-
ters and also mobilization of the spleen, laparoscopic colectomy is performed using 
intracorporeal transection with an endoscopic linear stapler. Anastomosis is per-
formed using a circular stapler. A tire leak test is recommended in general for check-
ing the anastomosis. If the tire test is negative then an ileostomy is not necessary. 
The specimen can be extracted via either a Pfannenstiel hypogastric incision or a 
6 cm umbilical incision. Although specimen extraction through the anus has been 
described in elective diverticular resection, it is not likely that an edematous inflamed 
colon will be suitable for that extraction route. The decision for the extraction inci-
sion depends on the anatomy and body habitus of the patient, and there is no differ-
ence in either postoperative pain or incisional hernias, irrespective of the choice.

At that point, there comes the decision as to anastomose or not. Hartmann’s sig-
moidectomy with an end colostomy used to be a common choice in the past.

In Hinchey I, II, and III peritonitis, the evidence supports primary anastomosis 
[14]. An ileostomy is not mandatory, and it is not recommended as the standard 
practice. In fact, complications of the ileostomy formation and also the ileostomy 
reversal are added to the overall morbidity and should be avoided if possible.

Abundant evidence has accumulated in recent years suggesting that Hartmann’s has 
more disadvantages than benefits: it requires a complex major reversal operation and if 
the patient is not fit or willing to undergo that then they are left with a permanent colos-
tomy. Most reasonable surgeons would choose Hartmann’s only in case of a septic unsta-
ble patient on the table; in all other cases, there is sufficient evidence that even in the 
presence of Hinchey IV fecal peritonitis anastomosis with a defunctioning ileostomy can 
be equally safe. Several randomized trials have shown that in Hinchey III and even in 
Hinchey IV fecal peritonitis, a primary anastomosis with a diverting stoma has not only 
equally good outcomes with Hartmann’s but in fact better [15–18].

It is believed that if no sigmoid colon is left distally and anastomosis is per-
formed on the rectum, then there may be less long-term recurrence of diverticulitis, 
but the data available is not of high quality [19].
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25.2  Safety of Laparoscopic Surgery for Diverticulitis

As in medicine and surgery, the wisdom is “primum non nocere”; we can make an 
overall statement that many studies have shown that laparoscopic surgery for diver-
ticulitis is safe.

In many studies in the last 20 years, elective laparoscopic surgery for diverticular 
disease has been shown to be safe and noninferior, and in some aspects superior, to 
open surgery [20]. However, most of those cases described in the literature are 
“cold” without the surgery taking place in the middle of inflammatory episodes. 
How does active inflammation affect the outcome? To answer this question, a study 
by Rotholtz et al. [21] compared the outcomes of laparoscopic surgery between a 
group (G1) of 72 patients who had laparoscopic colectomy for diverticular compli-
cations (abscess, perforation, fistula, or stenosis) and a group (G2) of 188 patients 
who had surgery for recurrent diverticulitis. The G1 patients had a higher conver-
sion rate (18 vs. 3.2%) and longer hospital stay by 1 day. However, there were no 
differences in either complications or mortality, which shows that complications 
should not be a deterrent for the laparoscopic approach for skilled laparoscopic 
surgeons.

It is important to distinguish between the earlier stages of peritonitis, i.e., 
Hinchey I to Hinchey III on one hand and Hinchey IV fecal peritonitis on the other. 
Unfortunately, not all published studies present an analysis of the mixture of their 
cases, which weakens the conclusions of the systematic reviews.

25.2.1  Laparoscopic Surgery for Hinchey Peritonitis I–III

Katsuno et  al. [14] published a series of laparoscopic resection of 58 patients 
with Hinchey I–II diverticulitis. They found that complications were signifi-
cantly lower in the laparoscopic group (16.7 vs. 43.8%) and that the group also 
had a shorter hospital stay. There were no stomas or anastomotic leaks in 
either group.

El Zarrok Elgazwi et al. [22] published a series of 260 sigmoid colectomies for 
diverticulitis with a conversion rate of 5.7%, complication rate of 11.5%, 5 anasto-
motic leaks, and 2 deaths. Most of the patients in this series (230/260) had Hinchey 
stage I diverticulitis, but it is interesting that there were even 23/260 patients with 
Hinchey III perforated diverticulitis. This report shows that in the hands of experi-
enced laparoscopic surgeons, perforations and even fistulas or stenosis are not a 
contraindication for laparoscopy. There is extremely low mortality, which cannot be 
avoided in any large series of those difficult cases.

Levack et al. [23] found in a nonrandomized comparison that laparoscopic sig-
moid colectomy for diverticulitis had a much lower risk of anastomotic leak than in 
open surgery (2.4 vs. 8.2%); however, it is unclear whether this was due to group 
differences, for example, the laparoscopic group had a higher rate of splenic flexure 
mobilization.
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The Sigma trial [24] included patients with Hinchey I or Hinchey IIb symptom-
atic diverticulitis. Patients were operated 3 months after the last attack of diverticu-
litis. Therefore, this trial should be considered as examining the “expedited” group 
of operations and not those performed as part of an emergency admission or shortly 
after that. They found that laparoscopic surgery had lower complications (9.6 vs. 
25%), involved less pain, and had earlier discharge.

A systematic review by Biondo et al. [25] examined 92 studies of which 10 were 
randomized controlled trials. The review identified that laparoscopic lavage can be 
successful in many perforated patients and also that careful selection of patients 
allowed the performance of colectomy with primary anastomosis.

In terms of technical difficulties, it has been shown that increasing the number of 
attacks increases the conversion rate in laparoscopic diverticulitis surgery [26]. 
Three prior attacks raised the conversion rate to 25%.

Le Moine et al. [27] showed that the nonconverted patients maintained signifi-
cant advantages of laparoscopy than did the converted patients: overall operating 
time, the need for nasogastric suction, bowel mobilization, resumption of eating, the 
need for analgesics, intensive care stay, and general hospital stay were all of lesser 
incidence in the cases completed laparoscopically. However, there was no differ-
ence in the incidence of postoperative complications.

A Cochrane systematic review by Abraha et al. [28] examined 635 publications 
and selected 3 trials comparing open surgery with laparoscopic surgery for sigmoid 
diverticulitis. The included trials were the Sigma trial [29] by Gervaz et al. [30, 31] 
and by Raue et  al. [32] and the total number of reviewed patients was 360. All 
patients were of Hinchey peritonitis stages I–III. The main results were as follows:

The length of stay was not different between open and laparoscopic surgeries. 
The 30-day postoperative mortality was lower in the laparoscopic group (0%) than 
in the open group (1.7%). This was the same even for late mortality. The rate of 
overall surgical complications was lower in the laparoscopic group (RR 0.84, 95% 
CI). There was no difference in the rate of overall major complications between the 
open and laparoscopic groups (RR 0.74, 95% CI 0.43–1.25). The same was true for 
minor complications.

Laparoscopic surgery was associated with a longer operating time than open 
surgery. The Sigma trial examined whether this longer time was associated with 
more intraoperative blood loss and found that it was not.

With regard to postoperative pain, all 360 participants filled questionnaires of 
pain scales and quality of life and there was only a small difference around the 
fourth postoperative day. Both groups had similar results with regard to postopera-
tive feeding and bowel mobilization. There was no difference in the reoperations 
and other major complications. The meta-analysis did not find evidence in favor of 
either the laparoscopic or the open surgery for acute diverticulitis.

Another systematic review by Ahmed et al. [33] of randomized trials comparing 
laparoscopic with open surgery for diverticulitis and its complications found no dif-
ference between the groups regarding overall postoperative morbidity, no difference 
regarding mortality, and no difference regarding the occurrence of incisional hernia.
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The DILALA trial [34] compared laparoscopic lavage with resection as treat-
ment for perforated diverticulitis. Patients with laparoscopic lavage had a 45% 
reduction of risk to undergo colectomy and colostomy at 2 years. There was no 
other difference.

A US study found that in a database of 1314 patients [35] who underwent emer-
gency surgery for diverticulitis, a total of 991 patients (75.4%) were managed with 
HP, 285 (21.7%) had a colectomy with PA, and 38 (2.9%) had colectomy with PA 
and proximal diverting colostomy or ileostomy. It was also found that laparoscopic 
surgery was performed in only 83 patients of whom 43 had primary anastomosis, 32 
had Hartmann’s, and 2 had primary anastomosis with a stoma. The PA group 
(13.3%) was more likely to have a laparoscopic procedure compared with HP 
(4.3%) and PAPD (5.3%). The multiple regression analysis did not find any differ-
ence in any of the surgical techniques in terms of mortality, complications, surgical 
wound infections, or thrombotic events.

Hand-assisted laparoscopic surgery (HALS) is a variation of the technique 
applied in cases of inflamed colon or extensive pelvic adhesions. Pendlimari et al. 
[36] analyzed 361 patients of whom 136 had complicated diverticulitis and com-
pared laparoscopic surgery with HALS, which showed both techniques to be equiv-
alent and also safe and effective.

A mathematical model analysis of the optimal operative strategy for Hinchey III 
sigmoid diverticulitis by Dossa et  al. [37] concluded that primary resection and 
anastomosis is the optimal approach yielding higher quality-adjusted life years.

25.2.2  Laparoscopic Surgery for Hinchey III and IV Peritonitis

Lee et  al. [38] published a study on the database of the American College of 
Surgeons in which 3299 open operations of perforated diverticular peritonitis were 
compared with 282 laparoscopic-completed cases. There were also 175 cases of 
conversion to open. The laparoscopic-completed approach had better outcomes than 
did the open surgery, i.e., fewer complications, less unplanned intubation, and acute 
renal failure. The advantages of laparoscopy remained even if the case had to be 
converted to open.

Cassini et al. [39] examined 60 patients with Hinchey III and IV diffuse diver-
ticular peritonitis, who had undergone either laparoscopic [34] or open [23] surgery. 
Laparoscopic patients had around half the incidence of complications of the open 
one while the mortality was high in both groups, around 16%. As this was not a 
randomized trial, it cannot serve as guidance, and it is likely that the sicker patients 
may have gotten open surgery.

A particular case of complicated diverticulitis is when it involves colovesical 
fistulas, which are a technically challenging variance. A systematic review by 
Cirocchi et al. [40] examined 25 studies and 202 patients with laparoscopic resec-
tion and primary anastomosis of colovesical fistulas. There was zero mortality and 
only one anastomotic leak. The authors concluded that laparoscopic surgery was 
feasible even for those complex cases.
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25.3  Conclusions

There is now abundant evidence that laparoscopic surgery can be safely performed 
for all stages and forms of diverticulitis. The quality of evidence is not adequate to 
prove superiority of either laparoscopic or open surgery. Considering that laparos-
copy has already become the new gold standard in colorectal surgery and all sur-
geons of the latest generations are trained in the method, laparoscopic surgery is not 
likely to be researched against open surgery for much longer. Most current trials are 
designed to compare laparoscopy against robotic or natural orifice surgery. This 
real-life situation has been recognized in the recent guidelines of both the UK NICE 
and the European Society of Coloproctology, both of which state that in the absence 
of evidence of superiority of either technique, surgeons prefer practicing 
laparoscopy.
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26Endoluminal Treatment for Diverticular 
Disease: Therapeutic Endoscopy 
and Endo-Surgery Approaches

Silvio De Melo, Chihiro Kosugi, and Keiji Koda

26.1  Introduction

The prevalence of diverticular disease increases with age [1, 2] and so does the 
medical complexity of patients. Complicated diverticulosis includes diverticular 
bleeding, diverticular perforation with abscess formation, diverticular perforation 
with fistula formation to adjacent organs (such as the bladder, small bowel, etc.), 
large bowel obstruction due to severe stenosis from acute or chronic diverticulitis, 
and segmental colitis associated with diverticulosis (SCAD) [1, 3]. Traditionally, 
these complications were considered surgical indications; however, due to recent 
advancements in minimally invasive endoscopic, surgical, and interventional radio-
logical techniques, these indications are starting to be challenged [4]. As medical 
comorbidity increases, there is a parallel increase in surgical risks and complica-
tions; therefore, ideally, we would like to have a minimally invasive technique that 
could render similar outcomes compared to surgery but without the associated nega-
tive effects on patients in terms of intrasurgical and postoperative risks. In this chap-
ter, we will discuss the endoscopic options for the management of diverticular 
disease-associated strictures and diverticular disease-associated abscesses (SCAD 
is covered in another chapter), to determine which one could be applied to select 
patients in the appropriate clinical scenario. 
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26.2  Endoscopic Therapy for Colonic Strictures Associated 
with Diverticular Disease

There are several types of colonic strictures such as those associated with diverticu-
lar disease, postoperative strictures, colonic strictures from inflammatory bowel dis-
ease, particularly Crohn’s disease, strictures from ischemic colitis, post-endoscopic 
resection strictures, and malignant strictures, both luminal malignancy (most fre-
quently adenocarcinoma of the colon) and extrinsic compression of the colon from 
extracolonic malignancies, such as gastric cancer, ovarian cancer, etc. [5–7]. Each 
stricture type has its own pathophysiological mechanism and response to different 
therapeutic options. Endoscopic interventions for the management of luminal stric-
tures include endoscopic dilation, needle knife stricturoplasty, placement of a self- 
expandable metal stent (SEMS), and endoscopic bypass of the stenosed segment if 
feasible. The last modality is not common in the lower gastrointestinal tract.

Endoscopic dilation consists of utilizing a dilation balloon, which can be passed 
through the scope until it reaches the area of interest. Fluoroscopy may be needed to 
aid in stricture characterization, such as length, diameter, and complexity of the 
area. Often a large, 15–20 mm biliary balloon catheter is used to probe the area of 
interest. Subsequently, the dilation balloon is advanced through the narrowed area 
and then inflated to a predetermined size. The major complication with balloon dila-
tion is perforation; therefore, it is recommended that the dilation be gradual and 
sequential 1 mm at a time starting from the diameter of the untreated segment. The 
balloon in kept inflated for a period of time, approximately 1 min, and then deflated 
and removed; the area is carefully inspected to assess the response to the dilation 
and for complications, mainly uncontrolled bleeding and perforation. Short, less 
than 1 cm postoperative strictures can respond extremely well to endoscopic dila-
tion [8].

Endoscopic stricturoplasty is used for the treatment of strictures associated with 
inflammatory bowel disease, post-endoscopic resection strictures, and postoperative 
strictures. It is often used in combination with endoscopic dilation. In this tech-
nique, a needle knife is used to cut through the fibrotic, scarred segment, providing 
a scaffold to control the area of “tear” from the balloon dilation. It has been highly 
effective in the therapy of densely fibrotic, short (1–2 cm) segments [9].

Diverticular disease-associated colonic strictures are believed to occur due to 
recurrent episodes of acute diverticulitis causing fibrosis of a segment of the colon, 
most commonly the sigmoid colon. These diverticulitis episodes can be clinical or 
subclinical [10]. They do not respond to endoscopic dilation nor are they poised for 
therapeutic success by endoscopic stricturoplasty [11]. Therefore, the treatment 
option is the placement of self-expandable metal stents (SEMSs). These are often 
used as a “bridge to surgery” and, rarely, as a destination therapy. SEMSs are com-
posed of a metal alloy compressed into a delivery catheter, which is then advanced 
through a wire-guided method across the strictured segment with or without fluo-
roscopy (although fluoroscopy is recommended), where it is deployed. The metal 
alloy can be covered by a material to prevent tissue ingrowth through the mesh, 
which then renders the SEMS classification of uncovered (bare metal alloy), 
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partially covered, and fully covered (metal alloy completely surrounded by an anti- 
ingrowth substance, often silicone). Most colonic stents are uncovered metal stents.

26.2.1  Self-Expandable Metal Stent (SEMS) 
Deployment Technique

SEMSs are used for symptomatic large bowel obstruction. There is no role for pro-
phylactic SEMS placement. The area of interest was previously identified by a com-
puted tomography examination. The minimal information needed is location of the 
obstruction, length, and evidence of perforation or impending perforation (cecal 
size and pneumatosis coli). If the length of the stenosis is not available, one could 
use the previously described technique of utilizing a large biliary stone extraction 
balloon (15–20 mm) to inject a contrast and measure the length. There should be at 
least 2 cm of unaffected area proximal and distal to the stent. For instance, utilizing 
the balloon technique, we measured the stenotic segment to be approximately 5 cm; 
we would select a stent of at least 9 cm in length to account for the needed 2 cm of 
unaffected bowel, proximally and distally. The stent should be at least 24 mm in 
diameter. Pre- or post-dilation of the stenosis is not recommended due to an 
increased risk of perforation. Enemas should be performed to facilitate visualiza-
tion. After appropriate lower bowel cleansing with enemas (tap water enemas usu-
ally suffice), the endoscopic instrument is advanced to the area of interest; one could 
use a therapeutic gastroscope, a colonoscope, or a pediatric colonoscope. Our per-
sonal preference is the therapeutic gastroscope, which provides better fine tip con-
trol. A 15–20 mm balloon catheter preloaded with a long, 450 cm, 0.035 inch biliary 
wire is advanced through the working channel of the instrument. Under fluoroscopic 
guidance, the wire is negotiated proximal to the stricture. The balloon is inflated to 
20 mm and the contrast is injected to obtain a colography. The balloon is pulled 
back until it is met with resistance. The area from the balloon to the tip of the instru-
ment is measured. The stent selected should be at least 4 cm longer than the area of 
interest (2 cm proximally and distally). The balloon is removed, maintaining the 
wire in place. The stent delivery catheter is advanced through the wire past the stric-
ture. The stent is deployed under both endoscopic and fluoroscopic monitoring. 
After deployment, the endoscopic instrument is withdrawn (Fig. 26.1) [5, 6, 12].

26.2.2  Efficacy of Self-Expandable Metal Stents in Diverticular 
Disease-Associated Strictures

The traditional approach for patients with diverticular disease-associated strictures 
is surgical [13, 14]. In an acute setting, it is often a two-stage operation consisting 
of a diverting colostomy creation, followed by another intervention for colostomy 
take down, resection of the strictures, and reanastomosis. However, diverticulosis is 
more frequent in the elderly and increases with age; those patients often have an 
increased number of comorbidities. Therefore, a therapeutic option, which can 
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transform the surgical intervention from a two-stage into a one-stage, a strategy also 
known as a “bridge to surgery”, has the potential to minimize long-term complica-
tions in this patient population. There is no randomized trial comparing SEMSs as 
a bridge to surgery versus the traditional two-stage surgical approach in the manage-
ment of diverticulosis-associated colonic strictures. All the information is obtained 
from a single-center case series and systematic reviews. With that in mind, the clini-
cal efficacy is as follows. The overall efficacy, defined as the successful decompres-
sion of the colon, allowing for a full colonic decompression and a one-stage surgical 
intervention, has been reported to be 43–95% [10, 15–21]. A recent review has 
recommended against the routine use of SEMSs in the treatment of diverticular 
disease-associated colonic strictures, but it can be used in select patients with 
planned surgical intervention within 1 month [16].

a b

c d

Fig. 26.1 Use of an uncovered metal stent to treat diverticular colonic strictures. (a) Diverticular 
colonic strictures. (b) Fluoroscopic image of colonic stent deployment. (c). Endoscopic image of 
the colonic stent after deployment. (d) Final fluoroscopic image of the colonic stent after deploy-
ment (Source: World J Gastrointest Endosc 2020 February 16;12(2):53–82)
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26.2.3  Complications of Self-Expandable Metal Stents

SEMSs have several complications. They can be divided into early (less than 
30 days) or late (more than 30 days). The main early adverse events include perfora-
tion, stent failure after a successful technical placement, stent migration, reobstruc-
tion, pain, and bleeding. Late complications include reobstruction, tenesmus (if low 
in the rectum), incontinence, fistula, migration, and perforation. Stent-related perfo-
rations can occur through several mechanisms: guidewire or catheter malposition, 
dilation of the strictures before or after placement, stent-induced direct perforation, 
or proximal perforation from barotrauma [22]. The 30-day stent-related mortality is 
less than 4% [5]. The median stent patency in a palliative setting ranges from 55 to 
343 days [5]. Complications differ when we evaluate SEMSs in a malignant versus 
benign situation, particularly the use of SEMSs in the treatment of diverticular 
disease- associated colonic strictures. A systematic review on the use of SEMSs in 
the management of benign colonic obstruction, in which diverticulosis was 54% of 
the cause, reported a rate of perforation of 17%, reobstruction of 14%, stent migra-
tion of 20%, 61% in the bridge-to-surgery scenario, median time to operation of 
14 days, and stoma avoidance of 43% with overall complications of 52% [15]. This 
is much higher than the reported complications for malignant obstruction with per-
foration of around 4%, migration rate of around 10–11%, and stent occlusion of 
approximately 7–12% [23, 24]. A recent review article on SEMSs for diverticular 
strictures has reported an overall complication rate ranging from 6 to 43% [16].

26.3  Endoscopic Therapy for Diverticular Abscess

The treatment strategy for diverticulitis has been determined based on both patient’s 
pathophysiological symptoms, including laboratory data, and diagnostic images, 
including CT or ultrasound scan. When diverticulitis is accompanied by abscess 
formation, and if it is persistent after the administration of antibiotics, percutaneous 
drainage would be the most frequently attempted intervention to treat the locore-
gional inflammation. However, percutaneous drainage is technically not always an 
easy maneuver depending on the location or the size of the abscess. In particular, 
when the abscess is located in the area surrounded by the small intestine, or regions 
close to the vessels or ureters, percutaneous abscess drainage has a risk of injuring 
the intestine, vessels, or ureters. Here, we describe a novel method of intraluminal 
abscess drainage and lavage using endoscopy.

26.3.1  Indication

Localized abscess caused by diverticulitis would be the candidate for intralumi-
nal abscess drainage (Fig.  26.2). Disseminated abscess with peritonitis is not 
suitable for this technique. Patients with a life-threatening condition may not be 
indicative of this maneuver. The appropriate timing for this procedure would be 
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a few days after conservative antibiotic therapy, since this procedure may expand 
the abscess cavity by the pressure of washing water before the cavity wall 
becomes firm enough.

26.3.2  Description of the Procedure

26.3.2.1  Pre-Procedure Preparation
Usually, bowel preparation is not necessary since the majority of patients indicative 
of this technique are under fasting conditions for several days; small amounts of 
enema may be applied for preparation. Mild sedation may be necessary when there 
is a possibility of causing abdominal pain during the procedure.

26.3.2.2  Localization of the Culprit Diverticulum
The location of the diverticulum responsible for causing the abscess should be esti-
mated using either CT or ultrasound before performing the procedure (Fig. 26.3). 
During endoscopy, the inflamed diverticulum is examined. Usually, the diverticu-
lum responsible for causing the abscess can be identified as it is highly inflamed, 
sometimes filled and packed with purulent exudate. It is often lifted by the abscess 
located outside the colon (Fig. 26.4).

26.3.2.3  Puncture of the Diverticulum and Access 
to the Abscess Cavity

The diverticulum responsible for the abscess formation is then punctured using 
either endoscopic forceps or a catheter (Fig.  26.5). We usually divert the ERCP 
catheter for this purpose. When we access the proper abscess cavity by this punc-
ture, purulent exudate comes out of the punctured hole (Fig. 26.6). Thereafter, the 
abscess cavity is investigated under fluoroscopy with a contrast agent to assess 
whether the cavity is localized and has not expanded to a wide area of the abdomi-
nal cavity.

Fig. 26.2 Localized 
retroperitoneal abscess that 
was treated with 
intraluminal abscess 
drainage (arrow)
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Fig. 26.3 Diverticulum 
that is believed to be the 
origin of the abscess 
(Fig. 26.2, arrow). It is 
packed with purulent 
exudate, located on the 
dome-like lifting toward 
the colonic lumen (arrow 
head)

Fig. 26.4 Access to the 
diverticulum and puncture 
with a catheter

Fig. 26.5 Pus discharge 
from the punctured 
diverticulum
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26.3.2.4  Lavage of the Abscess Cavity
Following the fluoroscopic evaluation, the abscess cavity is washed thoroughly with 
saline thorough the inserted catheter. Usually, we use more than 500 ml of saline 
until the draining water becomes completely clear.

26.4  Outcomes

Until now, we have performed intraluminal drainage in 14 cases with localized 
abscess formation in the last 13 years. The indication of this technique has been 
expanded in recent years since we observed that this technique is safe to perform. 
Drainage failed in two cases in whom we could not access their abscess cavities. It 
was successful in the remaining 12 cases. No adverse effects were noted in these 14 
cases. The 12 cases in whom this technique was successful were discharged from 
the hospital 3–17  days after the procedure (median 6  days). In the two cases in 
whom this technique was unsuccessful, conservative therapy for 12 and 30 days 
after the procedure was necessary before discharge. There is no recurrent diverticu-
litis among these cases.

26.5  Final Remarks

Our patients live longer and with an increasing number of medical problems increas-
ing their medical complexity. Diverticulosis prevalence increases with age, and the 
best treatment for each patient should be individualized by involving the patient in 
the decision-making process. There is no one-size-fits-all treatment plan when it 

Fig. 26.6 X-ray image to 
measure the size of the 
abscess cavity and to 
confirm it is a localized 
lesion. After imaging, the 
lumen was washed 
thoroughly with saline. 
Arrow, abscess cavity; 
arrow heads, the catheter 
inside the lumen
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comes to the increasingly more complex care of diverticular disease. We should 
recognize that, based on the best available evidence, the use of SEMSs to treat 
diverticular disease-associated colonic stenosis carries a higher complication rate 
compared to its use in malignant colonic obstruction; however, it can allow a suc-
cessful one-stage surgical intervention in up to 75% of patients, which can mini-
mize risks for the patients and be more cost-effective. It is clear that it is time for a 
multicenter, randomized clinical study to assess the role of SEMSs as a bridge to 
surgery in the treatment algorithm of diverticulosis-associated colonic strictures.

For the treatment of diverticulitis with abscess formation, the conservative ther-
apy including antibiotic administration is first considered, and the majority of small 
abscesses are reported to be cured without further interventions [25]. Whether 
abscess drainage is necessary is still a controversial issue [26]; however, percutane-
ous abscess drainage (PAD) has been a major approach for nonoperative treatment 
of complicated diverticulitis [27]. In this chapter, we introduced an alternative 
approach to PAD, that is, intraluminal drainage under colonoscopy. Although not 
many cases have been examined, intraluminal drainage using endoscopy for local-
ized abscess of the colonic diverticulum was safe to perform. In addition, once it is 
performed successfully, the outcomes in patients have been satisfactory [28]. When 
a localized abscess remains unhealed after conservative therapy with antibiotics, 
intraluminal abscess drainage may as well be tried before performing PAD or a 
surgical maneuver.

Conflicts of Interest None.
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27Peritoneal Lavage for Perforated 
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27.1  Introduction

Diverticular diseases are frequently considered a twentieth century development, 
which is not strictly correct, but supports the circumstance that the advances in 
diagnosis and treatment of this now common condition have been predominantly 
evolving in the past century [1]. This disease was common only in Western coun-
tries; however, underdeveloped nations have now acquired the wrong habits and 
passive lifestyle of developed countries, and the incidence of diverticular diseases 
has increased in other urban areas of the world. Diseases in the ascending colon are 
almost exclusively found in Asian populations, particularly genetic diseases [2].

Diverticular disease of the colon is a medical condition that is highly related to 
the aging of the population in Western countries. It is estimated that at the age of 40 
years, diverticulosis affects approximately 10% of the population, whereas, at the 
age of 85 years, its prevalence increases to more than two-thirds of the popula-
tion [3, 4].
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Diverticular disease accounts for approximately 300,000 hospitalizations per 
year in the United States, resulting in 1.5 million days of inpatient care. In addition, 
roughly 1.5 million outpatient visits each year are due to diverticular disease.

Over the past several years, research describing the natural biology of diverticu-
litis has been incorporated into the management recommendations for this challeng-
ing disease [2].

Diverticular disease is not a new concept, and the presence of diverticula within 
the colon was documented as early as 1700 by the French surgeon Alexis Littre [5]. 
This author said that a diverticulum could be formed when a part of the intestinal 
wall enters the hernial sac, and, therefore, only one side of the intestine is pulled out 
and finally becomes a longer canal.

27.2  Historical Aspects

The first in-depth description of the disease process of inflammation of the diver-
ticula with resultant benign fistulas to the bladder was presented by Cruveilhier in 
1849 [6]. In 1899, 50 years later, Graser [7] introduced the term “peridiverticulitis,” 
suggesting that herniation of the mucosa through areas of penetration of the vasa 
recta was the pathogenesis for the development of diverticula; this is now a well- 
established concept. In 1904, Beer [8] proposed that the mechanism of the develop-
ment of diverticulitis was impaction of feces in the neck of the diverticulum, causing 
inflammation and subsequent abscess with possible fistula formation. In 1908, 
Telling [9] reported 80 cases of diverticulitis of the sigmoid and proposed that the 
illness may be more predominant than previously assumed. In 1907, William Mayo 
presented the first report of surgical treatment for diverticulitis. He operated on a 
case of internal fecal fistula into the bladder and later resected the colon [10]. Two 
years earlier, Humphry Rolleston [11], an English surgeon, had published in The 
Lancet a case with an intraperitoneal abscess circumscribed around the sigmoid. At 
that time, he called it pericolitis sinistra with abscess formation. Now we are aware 
that it was perforated diverticulitis. He performed the treatment in the same manner 
as we do in some patients today: “evacuated the pus, washed out the cavity and 
inserted a drainage tube” [11].

The first surgical technique, known as the “three-stage procedure”, was developed 
in the Mayo Clinic from where the first experience with the classic three-stage opera-
tion was reported in 1924 [12]. The technique consists of a colostomy at the level of 
the transverse colon and the positioning of drainage, resection of the diseased colon 
after a period of 3–6 months, and stoma closure after a further 3–6 months. This 
technique had a high mortality rate. Antibiotics were not available. This three-stage 
procedure was mainly used in perforation, obstruction, and fistula formation.

The second method, the “two-stage” or Hartmann’s procedure, was used for the 
first time by Henry Hartmann in 1921 [13] to perform sigmoid resection for the 
treatment of neoplastic disease. It consists of a segmental resection of the diseased 
colon without a primary anastomosis but with an end colostomy; intestinal continu-
ity can be restored during the second operation. Widely used since the 1950s, the 
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Hartmann procedure became the standard of care in the 1980s but has a significant 
complication rate, and mortality rates range from 5 to 14%. The restoration of bowel 
continuity was not possible in around 25–80% of patients at the time.

Over the years, many papers have reported a controversy between three-stage 
and two-stage procedures. In 2000, the American Society of Colon and Rectal 
Surgeons (ASCRS) pointed out that the “Three-stage operative approach strategy 
(nonresectional surgery) was no longer recommended for most patients.” Thereafter, 
Hartmann’s procedure was considered the gold standard for complicated acute 
diverticulitis [2].

The advantages of Hartman’s procedure over resection with primary anastomosis 
with or without ileostomy were controversial. Many studies were conducted, but no 
significant differences were found between primary resection with anastomosis and 
Hartmann’s procedure with respect to mortality, morbidity, sepsis, wound compli-
cations, and duration of these procedures. The key has been in cost issues. With the 
goal to reduce the mortality and morbidity associated with an emergency surgery, 
two methods have been used: percutaneous drainage by ultrasound or computed 
tomography and peritoneal lavage with drainage [14].

27.3  Classification Systems

Different classification systems have been proposed over the years to assess the 
severity of acute diverticulitis, the most commonly used of which is the Hinchey 
classification [12], which classifies complicated diverticulitis. The Hinchey classifi-
cation, modified by Wasvary [15] in 1999, is the most frequently used nowadays, 
but other classification systems remain in use as well, notably the Ambrosetti clas-
sification [16], the Hansen–Stock classification [17], and, more recently, the modi-
fied Neff classification [18].

Traditionally, the Hinchey classification (1978) was used to define the severity of 
acute diverticulitis based on clinical and operative findings [19]. However, this sys-
tem lacks details on intermediate severities, which are recognized by modern imag-
ing [20]. The CT-based classification by Ambrosetti et al. [16] distinguishes between 
mild and severe (complicated) acute diverticulitis, but the system insufficiently dis-
tinguishes the different grades of complicated diverticulitis, thus limiting its useful-
ness in decision-making and in tracking disease progression for outcome analysis. 
The modified (1999) and further adapted (2005) Hinchey classification system 
added subgroups for both milder and complicated forms of acute diverticulitis and 
categories for chronic complications (obstruction, fistula) with the goal to define 
criteria for management decisions [15, 21].

Computed tomography imaging represents the standard for classifying the sever-
ity of diverticulitis (Figs. 27.1 and 27.2) and allows opening alternatives for treat-
ment strategies [22]. Over the past few decades, management has evolved with an 
emphasis on tailoring surgical intervention on the basis of the Hinchey stage [22]. A 
combination of clinical judgment and analysis of the CT findings is quintessential 
for sound decision-making.
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Fig. 27.1 Abdominal CT scan: pneumoperitoneum (arrow heads)

a b

c

Fig. 27.2 Abdominal CT scan: coronal view showing sigmoide colon diverticulitis blocked by the 
small bowel (a) and axial view showing inflammatory process with fat tissue involvement 
(arrows) (b, c)
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27.4  Surgical Alternatives

Operative management in the emergency situation should be reserved for the treat-
ment of those patients who do not respond for conservative treatment.

Traditionally, management of complicated diverticular disease has involved open 
damage control operations with large definitive resections and colostomies. Studies 
are now showing that in a subset of patients who would typically have undergone an 
open Hartmann's procedure for Hinchey III/IV diverticulitis, a laparoscopic 
approach is equally safe and has better outcomes. Laparoscopic sigmoidectomy is 
superior to open sigmoidectomy for treating perforated diverticulitis with regard to 
fewer short-term and long-term complications, decreased pain, improvement in 
length of stay, and maintenance of better cost-effectiveness than open resections 
[23, 24]. Lin et al. conducted a search in MEDLINE, EMBASE, Science Citation 
Index Expanded, and the Cochrane database until November 2019 and reviewed 14 
articles. This meta-analysis concluded that laparoscopic surgery does not show sig-
nificant advantages over open surgery in postoperative complications for the emer-
gency treatment of complicated diverticulitis [25].

The choice of operation for these patients has been the subject of debate and will 
remain controversial without large-scale, prospective studies. The current tech-
niques include: (1) resection with primary colorectal anastomosis with or without 
additional loop ileostomy; (2) end colostomy (Hartmann’s procedure); (3) damage 
control strategy [26, 27]; (4) and laparoscopic lavage and placement of a drainage.

Laparoscopic peritoneal lavage is an alternative to sigmoid resection in Hinchey 
III diverticulitis (generalized purulent peritonitis). Lavage is not appropriate in the 
setting of fecal contamination or overt colonic perforation. When patients require an 
emergency intervention for unrelenting diverticulitis with abscess formation or with 
diffuse peritonitis, laparoscopic lavage and drainage has emerged as a potential 
alternative to resection and for a while gained some popularity, primarily in 
European centers [28, 29].

The technique of lavage and drainage regained popularity during the 1990s. This 
procedure can also be performed laparoscopically with the advantage of faster 
recovery and shorter hospital stay. This strategy allows resectional surgery to be 
postponed or avoided altogether in many patients; and higher rates of primary resec-
tion and anastomosis can be achieved avoiding the need for a stoma [30, 31]. The 
concept of this approach is that on some occasions, perforations have already sealed 
at the time of the surgery and the only intervention that seems necessary is to lavage 
the abdominal cavity to remove the pus.

27.5  Randomized Controlled Trials

There have been multiple early reports with encouraging results; they were small 
[32] and uncontrolled series, with a high risk of selection bias [28, 33–36].

Three prospective randomized controlled multicenter trials (LADIES trial, 
DILALA trial, and SCANDIV trial) on laparoscopic peritoneal lavage were 
launched and resulted in high-quality evidence [22].
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The LADIES trial was conducted from 2010 to 2013 in Belgium, Italy, and The 
Netherlands and consisted of two subarms: comparing the Hartmann vs primary 
anastomosis and laparoscopic lavage vs sigmoidectomy [37]. The laparoscopic 
lavage arm of the trial, however, was terminated early upon governmental oversight 
pressure due to a significantly increased rate of perioperative morbidity, mortality, 
and need for surgical interventions compared to the resection groups.

The DILALA trial included patients with only Hinchey III peritonitis diagnosed 
by laparoscopy and with a 1-year reoperation rate as the primary outcome. The 
preliminary analysis of the short-term results (12 weeks) in 76 patients reported no 
statistically significant differences regarding morbidity and mortality, statistically 
significant longer periods of abdominal drainage but shorter hospital stay in the LPL 
group compared to the HP group [38].

The Scandinavian diverticulitis (SCANDIV) trial encompassed 101 laparoscopic 
lavage vs 98 resection patients in 21 centers in Norway and Sweden from 2010 to 
2014 [39]. In contrast to the LADIES trial, the SCANDIV trial was continued to 
completion. The authors reported a nonstatistically significant higher incidence of 
the primary outcome in the laparoscopic peritoneal lavage group and comparable 
mortality. However, there were statistically significantly higher rates of abscesses, 
secondary peritonitis, and reoperations in the peritoneal lavage group along with 
missed malignancy in four cases. However, the study has several limitations such as 
inclusion of patients with Hinchey I and II and participation of more experienced 
surgeons in the resection group, which might be a source of significant bias [40].

The actual technique of laparoscopic lavage used in those three randomized con-
trolled trials studying this approach was not uniform and the trials were designed 
differently and examined different end points. The volume of saline irrigation, num-
ber of drains used, and management of intraoperative adhesions around the area of 
presumed diverticular perforation varied across the studies.

27.6  Surgical Technique

The patient is placed in a modified lithotomy position, with shoulder pads and 
leg pads.

The surgeon and his assistant stand to the right of the patient. A 10–12  mm 
umbilical trocar is placed at the introduction of the 0° optics, plus two or three 5 mm 
ports according to the surgeon's needs.

The surgery begins with the inspection of the sigmoid colon from medial to lat-
eral. The omentum, intestine, pelvic structures, cecal appendix, and the entire colon 
should be search of collections that could pass unnoticed. The debridement of these 
should be performed carefully, avoiding unnecessary bleeding [41].

Aspiration of the purulent content is carried out (Fig. 27.3), collecting samples 
for culture and irrigation of all four quadrants of the abdomen with saline (3L 
or more).
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Fig. 27.3 Laparoscopy 
view showing purulent 
peritonitis

Once a completely clear liquid is obtained in aspiration, continuous suction 
drains are placed in Douglas cul-de-sac, in the left parieto-colic groove and others 
according to the surgeon's criteria.

The adhesions that exist in the septate area should not be released and routine 
gas-leak testing should be considered at laparoscopy through transanal carbon diox-
ide or air insufflation of the sigmoid colon to avoid missing a breach in the colonic 
wall [42]. The findings of fecal peritonitis or an overt colon perforation should 
prompt the surgeon to perform a resection. Patients deemed to be candidates for LL 
need to be advised on the possibility of a resurgery if they fail to respond to the LL 
or if a sigmoid carcinoma is subsequently found. They also need to be advised on 
the likely need for a delayed elective sigmoid resection [31].

27.7  Discussion

The most obvious advantage advocated by the supporters of this technique consists 
of the avoidance of a large laparotomy and derivative procedures, thus reducing 
their consequent complications. The advantages of laparoscopic lavage include 
shorter operative times, reduction of postoperative pain, a lowering of surgical site 
infections, reduced cardiac complications, a potential reduction of the rate of inci-
sional hernias and stoma formation, and shorter length of hospital stay; based on the 
results of some trials, reduced costs and an amelioration in postoperative disability 
should be considered [43–47]. However, laparoscopic lavage is associated with sig-
nificantly increased risks of intra-abdominal abscess, peritonitis. Future emergency 
reoperation and long-term diverticulitis recurrence with reintervention and readmis-
sion after laparoscopic lavage is high [48]. The major criticism of the nonresectional 
laparoscopic lavage technique is the continued presence of the perforated colon as a 
septic focus and the column of feces remaining in the colon proximal to the perfora-
tion as a potential ongoing source of contamination [49].

The future of lavage as a treatment for perforated diverticulitis remains unclear 
(see Table 27.1). Recently, three different societies have published their guidelines. 
The Clinical Practice Guidelines of the American Society of Colon and Rectal 
Surgeons set practice parameters in 2020 and concluded that the safety of lavage for 
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Table 27.1 Outcomes of laparoscopic lavage vs sigmoid resection

Laparoscopic lavage Sigmoid resection
Acute reintervention rate High Low
Elective reinterventions Similar Similar
Indication Young and stable patients Critically ill patients
Readmission to ICU Similar Similar
Stoma frequency Low High
Stoma reversal Low High
Severe complications Similar Similar
Hospital stay Similar Similar
Diverticulitis recurrence High Low
Cost Little cheaper More expensive

purulent or feculent peritonitis was unclear and it was not recommended as an 
appropriate alternative to colectomy, and thus colectomy should typically be per-
formed in this situation. Moreover, these guidelines pointed out that in patients with 
purulent peritonitis, colectomy is preferred over laparoscopic lavage, considering 
that studies are needed to better identify the selection criteria for patients who might 
benefit from laparoscopic lavage and to standardize the operative technique [50]. 
The European Society of Coloproctology considers that laparoscopic lavage is 
cheaper than Hartmann’s procedure and reduces the risk of colostomy at 1- and 
2-year follow-up but may in the short term result in intra-abdominal abscesses and 
overlooked free perforations or tumor perforations requiring reintervention (drain-
age or reoperation). It concluded that laparoscopic lavage is feasible in selected 
patients with Hinchey III peritonitis. Alternatively, resection is recommended [51]. 
Finally, the World Society of Emergency Surgery (WSES) updated its guidelines for 
management of acute left-sided colonic diverticulitis, according to the most recent 
available literature, and suggests performing laparoscopic peritoneal lavage and 
drainage only in highly selective patients with generalized peritonitis and not be 
considered as the first-line treatment in patients with peritonitis from acute colonic 
diverticulitis [52].

27.8  Conclusions

Laparoscopic peritoneal lavage may be considered an effective and safe option for 
the treatment of patients with sigmoid diverticulitis with Hinchey stage III peritoni-
tis and can be performed as a “bridge” procedure with the intention to avoid the 
Hartmann procedure.

This technique should be considered suitable to patients without systemic toxic-
ity, no comorbidities, and only in centers experienced in minimally invasive 
surgeries.

In comparison to sigmoid resections, laparoscopic peritoneal lavage results in 
higher rates of postoperative abscess formation, requiring more percutaneous drain-
age interventions without any difference in perioperative mortality and serious 
morbidity.
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Patient selection is of paramount importance. Studies are needed to better iden-
tify the selection criteria for patients who might benefit from laparoscopic lavage 
and to standardize the operative technique. Surgeons utilizing laparoscopic lavage 
should be aware of the clinical outcomes and risks of unresolved septic foci associ-
ated with this approach and should be prepared to offer secondary interventions, 
as needed.

Several controversies remain about laparoscopic lavage and drainage. Further 
evidence from randomized clinical trials is needed to define the role of laparoscopic 
peritoneal lavage and drainage in the treatment of patients with complicated Hinchey 
III diverticulitis.
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28Elective Surgery

Gian Andrea Binda, Antonio Amato, and Johannes Schultz

In recent years, the indications for surgical treatment of diverticular disease have 
diminished [1, 2], especially for elective procedures.

28.1  Indications

Traditionally, the indications for elective surgery were prophylaxis of recurrence 
after uncomplicated or complicated episodes of diverticulitis, treatment of chronic 
symptoms related to diverticular disease, and treatment of chronic complications 
like fistula or stenosis.

In the late 1990s, the guidelines of several medical and surgical associations 
[3–5] agreed on the necessity of prophylactic interval sigmoidectomy after two pre-
vious episodes of acute uncomplicated diverticulitis (AUD) or after just one episode 
if the patient was under 50.

This policy was mainly based on outdated studies [6, 7], suggesting a higher 
probability of further attacks after recurrent episodes of diverticulitis. Furthermore, 
it was argued that the response to medical treatment would decrease and the risk of 
complications would increase (to as high as 60%), with a doubling of the mortal-
ity rate.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-93761-4_28&domain=pdf
https://doi.org/10.1007/978-3-030-93761-4_28
mailto:gianbinda1@gmail.com
mailto:ab.amato@libero.it
mailto:josc@ahus.no


348

In more recent years, with the improvement of knowledge obtained on the natu-
ral history of the disease [8–10], those statements have been questioned. In fact, the 
long-term risk of relapse, the risk of failure of conservative treatment or poor out-
come after recurrent episodes of AUD, and the long-term risk of emergency surgery 
(3–7%), stoma (0–4%), and death (<1%) are lower than previously anticipated. 
Furthermore, the risk of free perforation decreases with the number of previous 
episodes of AUD [11, 12], and, therefore, the protective role of surgery after a previ-
ous attack is minimal. A US Nationwide Inpatient Sample study reported a signifi-
cant decline of surgical treatment for diverticulitis, in the period 1991–2005, from 
17.9 to 13.7%, whereas the proportion of free perforations among patients, dis-
charged after an admission with diverticular disease, remained unchanged (1.5%) 
[13]. In addition, surgery does not fully protect against relapses [14, 15].

Previous guidelines also recommended elective surgery after only one previ-
ous episode of conservatively managed complicated diverticulitis. However, 
recent studies evaluating a conservative approach to diverticulitis complicated by 
an abscess show no increased risk of complicated recurrent attacks [16, 17]. 
Although others [18, 19] report a higher risk of complicated recurrences, a sub-
stantial number of patients can still be treated nonoperatively, whereas the risk of 
recurrence requiring urgent operation following conservative management of 
acute complicated diverticulitis is relatively low [18, 20]. Only one small ran-
domized trial compared elective surgery to observation in patients with extralu-
minal air and/or abscesses. The majority of patients in the observation group did 
not require elective surgery. However, health-related quality of life (HRQoL) 
was not evaluated in this trial [21].

To date, elective surgery for preventing complications of diverticulitis is no more 
indicated [22–24], regardless of the number of previous episodes of diverticulitis. In 
the past, a more aggressive approach was suggested for young [25] and immuno-
compromised patients [26]. The rationale was an assumed higher risk of frequent 
and serious complicated recurrences. However, there is no strong evidence of a 
worse prognosis after an episode of acute diverticulitis in younger patients, and, for 
immunocompromised patients, the risk of complications is higher both during 
recurrent attacks and during elective surgery. Therefore, the indications for elective 
surgery in young or immunocompromised patients should follow the same princi-
ples as those in other patients, i.e., not routinely recommended [27, 28].

Currently, the indications for elective surgery are tailored and surgical treatment 
should be recommended to patients with persisting symptoms clearly related to 
diverticular disease and affecting the patient’s quality of life.

The first step is to connect the symptoms to DD, especially if uncomplicated, as 
the differential diagnosis with IBS, segmental colitis associated with diverticulosis 
(SCAD), or other colitis could be extremely challenging. Chronic complications of 
diverticulitis as fistula or stenosis, when symptomatic, are still the main indications 
for elective surgery. Colovesical or colovaginal fistulas may cause septic symptoms 
such as cystitis and vaginitis with passage of gas or feces through the ureteral or 
vulvar orifices, symptoms which often significantly impair HRQoL. A stenosis of 
the sigmoid may cause abdominal pain and/or subocclusive symptoms, usually indi-
cating elective surgery. Other peculiar conditions could affect HRQoL, such as short 
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time intervals between recurrent AD episodes or work commitments with the need 
to travel a lot, increasing the patient’s motivation toward surgery.

If symptoms are clearly related to DD, their severity and impact on quality of life 
has to be discussed with the patient to balance operative risks and risk factors (i.e., 
age, body mass index, comorbidities, and specific surgical complications). The final 
decision has to be shared with the patient.

28.2  Technical Aspects

The technical aspects of elective surgical treatment of diverticulitis may influence 
the postoperative course and affect functional outcomes and the risk of recurrences. 
Unfortunately, this aspect is frequently not accounted for in clinical trials and a 
rigorous standardization of the procedure is still lacking [29]. The key points for the 
surgical approach are the extent of the resection, the level of vascular ligation, and 
the mini-invasive approach.

28.2.1  Extent of the Resection

There is a general agreement that the extent of the resection is related to the risk of 
recurrence. Although based on low-quality evidence, removal of the whole inflamed 
colon with healthy margins is recommended. The proximal resection margin should 
be in the nearest colonic segment without macroscopic evidence of inflammation to 
perform anastomosis in the soft supple tissue. There is no need to resect all proximal 
diverticula [30]. Almost one-third (28%) of the episodes of acute diverticulitis 
involve the descending colon; therefore, its distal or even a wider part frequently 
needs to be excised [31]. As an anastomosis to the distal sigmoid with retention of 
a sigmoid remnant could increase the risk of recurrence, the distal resection margin 
should be in the upper rectum [32, 33]. Gonzalez et  al. reported that the risk of 
recurrence was 6.7 and 12% after colorectal versus colo-colic anastomosis, respec-
tively [34]. Mobilization of the splenic flexure is not mandatory, and the need for 
this step is related to the anatomy and the extent of the resection. However, it should 
be performed if necessary to allow for a tension-free anastomosis, and the final deci-
sion is left to the surgeon’s judgment. Retrospectively, Schlussel et al. found that 
splenic flexure mobilization is associated with a longer-median operative time with 
no significant differences in major morbidity, thus supporting a tailored choice on 
an individual basis [35]. Rectal mobilization can also provide additional length and 
sometimes it is required to overcome postinflammatory rectal strictures.

28.2.2  Vascular Ligation

In contrast to colorectal cancer, there is little consensus on the surgical principles for 
the management of diverticulitis. Different vascular approaches have been described. 
The inferior mesenteric artery (IMA) could be divided either proximally (high tie, 
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Fig. 28.1a) or distally to the origin of the left colic artery (LCA) (low tie, Fig. 28.1b) or 
preserved through a mid-mesocolic dissection with or without division of the left colic 
artery (Fig. 28.1c). After high tie, the vascular supply of the proximal colonic stump 
relies on the marginal artery of Drummond whose insufficiency could lead to poor 
perfusion of the anastomosis. A randomized study found that the rate of radiological 
and clinical anastomotic leakage was significantly lower after IMA preservation than 
that after high tie [36]. Afterward, observational studies showed conflicting results 
regarding the relationship between anastomotic leak and the level of section of vascular 
supply [37–39]. A recent meta-analysis and systematic review has failed to demon-
strate any advantage for IMA preservation regarding anastomotic morbidity [40].

One randomized controlled trial found that IMA preservation in patients oper-
ated electively for diverticular disease leads to better intestinal function. The rea-
son may be a reduced impairment of colonic innervation [41]. In cancer surgery, 
a series of 44 patients who were prospectively evaluated showed a significantly 
worse postoperative fecal continence and quality of life after ligation compared to 

Sigmoid
trunk SRALCAIMA

Sigmoid
trunk

Sigmoid trunk

SRALCAIMA
a b

c

Fig. 28.1 Level of vascular ligation. (a) High IMA tie. (b) Low IMA tie. (c) IMA preservation
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preservation of the IMA [42]. Conversely, a prospective study in male patients 
undergoing elective laparoscopic sigmoidectomy for diverticular disease with 
IMA high tie did not observe any detrimental effects or de novo symptoms in 
bowel, urinary, and sexual functions. From the technical point of view, the authors 
focused the importance of sectioning IMA 2  cm from its origin, far from the 
descending sympathetic fibers lying on the aorta [43]. In summary, it seems rea-
sonable to preserve the IMA, provided that colonic cancer requiring oncological 
resection can be ruled out with certainty. However, extensive postinflammatory 
fibrosis and adhesions could make an intramesocolic dissection complex, thus 
increasing the risk of ureteral lesions.

28.2.3  Mini-Invasive Approach

Since the 1990s, laparoscopic sigmoid resection has gained popularity in the 
elective surgery of diverticular disease. A large retrospective study extracting 
data from the US National Inpatient Sample database found that laparoscopy was 
associated with significantly lower postoperative morbidity and a shorter mean 
hospital stay compared to open surgery. However, 88.3% of patients underwent 
open surgery and selection bias cannot be ruled out [44]. Similarly, Kakarla 
et  al., by retrospectively analyzing the ACS-NSQIP database, reported that 
patients treated with laparoscopic resection experienced lower overall morbidity 
and wound complication after risk-adjusted analysis. The operative time was 
significantly shorter and the length of hospital stay was significantly longer with 
open surgery [45]. Observational studies suggested that laparoscopic sigmoid 
resection is safe and feasible in the elective setting, showing advantages in short-
term outcomes (earlier passage of stool, earlier return to liquid diet, less analge-
sic requirements, etc.). As in other fields of gastrointestinal surgery, this may 
translate to faster recovery [46–48]. However, laparoscopic resection may be 
technically challenging when dealing with a complex inflammatory process. 
Given the observational design of the above- mentioned trials, there is a high risk 
of selection bias. Randomized studies depict a variegated scenario: Raue et al. 
found no clear advantage of the laparoscopic over the open approach with com-
parable postoperative complications and mortality rate as well as early and 
12-month quality of life [49]. In another single-blind trial, laparoscopic resection 
was associated with a significantly longer operative time and reduction of post-
operative ileus and hospital stay. Both open and laparoscopic procedures achieved 
good long-term results in terms of gastrointestinal function, HRQoL, and patient 
satisfaction. The long-term benefits of laparoscopic surgery were restricted to 
cosmetic aspects [50, 51]. In the Sigma trial, laparoscopy was associated with a 
longer operative time, a 15.4% reduction of major complications, shorter hospi-
talization, and better HRQoL [52]. At a 6-month follow-up, a 27% reduction in 
the major morbidity and a decrease in HRQoL differences were observed [53]. A 
Cochrane review analyzing these three RTCs stated that there is uncertainty 
whether laparoscopic surgery has substantial advantages over open resection. 
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The level of evidence was low due to a high risk of bias in all included trials [54]. 
In the last few years, robotic surgery was introduced in the management of diver-
ticulitis. Preliminary results suggest that the robotic approach had a lower con-
version rate and significantly increased hospital charges when compared with 
laparoscopic surgery [55, 56]. Conversion is required in between 13.1 and 19.2% 
of laparoscopically treated cases and has been recognized as an independent risk 
factor of morbidity [52]. Factors predictive of conversion include BMI, previous 
abdominal surgery, the presence of stenosis/fistula, severity of diverticulitis and 
adhesions, bleeding, and surgical expertise [57, 58]. In a large real-world US 
nationwide study, high-volume surgeons were 8.80 times more likely to perform 
a laparoscopic sigmoid resection for diverticular disease than low-volume sur-
geons [59].

28.2.4  Other Technical Notes

Iatrogenic ureteral injury is a rare complication of colorectal surgery with an 
incidence of 0.28%. It is associated with severe morbidity and serious sequelae, 
and intraoperative diagnosis occurs in only 15–30% of cases [60]. After IBD 
and cancer surgery, procedures for diverticulitis are the third most common rea-
son for iatrogenic ureteral lesions and the laparoscopic approach is associated 
with a slightly higher risk [61]. As a preventive measure, identification of the 
ureter should be performed during the visceral mobilization, with lateral-to-
medial dissection on the colon side of the Monk’s line or with medial-to-lateral 
dissection along the Gerota plane without entering the retroperitoneum; further-
more, especially in case of severe inflammation or fibrosis that may displace the 
ureter, this step should start in an unaffected area. In selected patients, prophy-
lactic ureteric catheter placement can help in intraoperative identification even 
if clear selection criteria have not yet been established [62]. A US population-
based study reported a longer operative time, a longer hospital length of stay, 
and higher cost [63]. More recently, lighted ureteric stents and intraureteral 
injection of indocyanine green with subsequent visualization under near-infra-
red fluorescence have been proposed to overcome the loss of tactile feedback 
during laparoscopic surgery [64, 65].

28.3  Outcomes

As mentioned earlier, the prophylactic role of surgery has expired. The main goal of 
elective sigmoid resections after diverticulitis is to improve patients’ HRQoL. When 
counseling patients, surgeons need to relate the potential improvement in HRQoL to 
the risk of morbidity that is related to the surgical intervention. For patients with 
frequent recurrences of diverticulitis, the improvement of HRQoL is likely to be 
closely related to the prevention of new attacks.
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28.3.1  Improvement in Quality of Life

Several retrospective observational studies have found an improvement in the qual-
ity of life in patients after elective sigmoid resection for recurrent diverticulitis or 
ongoing complaints after an episode of diverticulitis [66]. However, these studies 
were generally of low quality and were hampered by a probable selection bias. 
Recently, two randomized trials (DIRECT and LASER trials) have shown improve-
ment of HRQoL in patients operated electively after one or more episodes of diver-
ticulitis [67, 68]. The inclusion criteria were slightly different. Both trials included 
patients with frequent recurrences (>2 episodes within 2 years) or ongoing com-
plaints (left lower quadrant pain and/or changed bowel habits for at least 3 months) 
after one episode of acute diverticulitis. However, in the DIRECT trial [67], confir-
mation of ongoing inflammation (on CT or at endoscopy) was required for patients 
included due to ongoing complaints. Furthermore, in the LASER trial [68], patients 
could be included after only one conservatively treated episode of complicated 
diverticulitis, regardless of the ongoing complaints.

Direct Laser
Resection
n = 53

Conservative
n = 56

Resection
n = 41

Conservative
n = 44

Inclusion criteria
Recurrent diverticulitis
(>2 episodes in 2 years)

40(36%) 66 (77%)
17 (32%) 23 (41%) 34(83%) 32(73%)

Ongoing complaints
(> 3 months)

69(63%) 5 (6%)
36 (68%) 33 (59%) 2(5%) 3(7%)

Complicated diverticulitis
(at least one episode)

Not an inclusion criterion 23 (27%)
10(24%) 13(30%)

Baseline
Age; mean (SD)/median (IQR) 54.1

(44.6–62.1)
56.5
(48.3–63.2)

59
(51.5–63.0)

59
(50.3–62.8)

Number of episodes 3.1 (1.0) 4.1 (2.0) 4.6 (3.5) 4.0 (3.1)
GIQLI (SD) 92.6 (22.8) 92.2 (21.3) 104.8 

(21.9)
99.8 (20.9)

VAS pain (SD)a 63.3 (21.0) 69.3 (13.6) 4.2 (2.9) 4.6 (2.6)
Results
GIQLI 6 months (SD) 114.4 (22.3) 100.4 

(22.7)
114.9(16.8) 102.0 (21.7)

GIQLI 1 year (SD) 112.8 (23.3) 101.2
GIQLI 5 years (SD) 118.2 (21.0) 108.5(20.0)
VAS pain 6 month (SD)a 23.9 (23.4) 49.8 (22.2) 1.8 (1.9) 3.3 (2.0)
Anastomotic insufficiency 
(6 months)

7(15%) 0 2(5%) 0

Abbreviations: SD Standard deviation, IQR Inter quartile range, GIQLI Gastrointestinal Quality of 
Life Score, VAS Visual analogue scale
a VAS 1–100 in the DIRECT trial (1 = no pain, 100 = worst imaginable pain) and VAS 1–10 in the 
LASER trial (1 = no pain, 10 = worst imaginable pain)
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There are limitations with both trials. They were both aborted prematurely, thus 
limiting the conclusions that can be drawn from them, as truncated randomized 
controlled trails frequently overestimate the effect size of the trial intervention [69]. 
In the DIRECT trial there were several crossovers, especially at long-term follow-
 up, which further complicates the interpretation of results [70]. In addition, the 
inclusion of different entities (ongoing complaints and frequent recurrences) in the 
same trial makes it difficult to decide which of the groups would profit the most. 
Finally, no SHAM operation was performed in the control group for ethical reasons. 
Surgery is known to have a considerable placebo effect, which most certainly 
explains part of the effect seen in both studies [71].

It is noteworthy that both trials observed an improvement of HRQoL in both 
groups. The observed difference in GIQLI between the groups is just above the 
minimally clinical important difference at 6 months and long-term follow- up in 
the DIRECT trial showed a decrease in the difference over time [70]. 
Unfortunately, neither of the trials reported the number of patients with improved 
HRQoL and the number of patients with reduced HRQoL after surgery. Another 
interesting fact is that 68% of conservatively treated patients in the LASER trial 
were satisfied with the treatment 6  months after inclusion versus 78% in the 
surgically treated group. Pain was improved after surgery in both groups but 
there were still patients with daily or constant pain 6 months after surgery in the 
LASER trial.

28.3.2  Prevention of New Attacks

Most patients with frequent recurrences of diverticulitis have recurrent attacks in 
the same bowel segment. To prevent further recurrences, it is important to resect the 
colon from the affected bowel segment down to the colorectal junction as the recur-
rence rate is higher after colosigmoid anastomosis [15, 33]. Although sigmoid 
resection significantly reduces the risk of recurrent attacks [67, 72], the risk is far 
above zero [15, 54, 73]. A possible reason for that could be, as reported in one study 
[74], that 35% of recurrent diverticulitis attacks occur at a different colonic location 
than previous attacks.

28.3.3  Morbidity

Elective surgery for diverticular disease is now mostly performed laparoscopically. 
Although laparoscopy in general reduces the risk of superficial wound infections 
and wound dehiscence, the risk of anastomotic insufficiency (AI) remains. The risk 
of AI is reported to be between 0 and 15% [54]. Therefore, there is always the risk 
of a stoma for all operated patients. In the DIRECT trial [70], one patient (2%) 
ended up with a permanent stoma. This proportion may be higher in older patients 
and in patients with fistulas or stenosis, some of whom should be counseled to 
undergo Hartmann’s procedure in the first place. A recent national inpatient 
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propensity score-matched cohort study has found a higher risk of major complica-
tions in patients treated with elective sigmoid resection for diverticular disease than 
in patients treated with the same procedure for colorectal cancer [75]. The reopera-
tion rate was also significantly higher after resection for diverticular disease. 
However, the AI rate was higher in the cancer group (9.2 vs 8.3%, p < 0.001); it is 
therefore difficult to explain why the reoperation rate was higher in diverticular 
disease. One explanation might be that most of the operations were performed 
openly and that wound dehiscence might be a reason for reoperation. Another 
explanation might be incompleteness of records in the database. It is noteworthy 
that the overall mortality was as high as 2.3% after resection for diverticular disease. 
The explanation for the high mortality might be that some of the patients were elec-
tively operated for complications of diverticular disease.

28.3.4  Risk Benefit Assessment

When counseling the patient, the surgeon has to weigh the risks of surgery against 
the possible gain in HRQoL. All patients should be informed that sigmoid resection 
for diverticular disease is associated with considerable morbidity, risk of a perma-
nent stoma and even mortality [75]. Patients with frequent recurrences will have a 
lower chance of recurrence after a sigmoid resection. The expected gain in HRQoL 
is relatively small and patients need to be informed that symptoms may persist even 
after an operation.
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