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Abstract: Symptomatic Uncomplicated Diverticular Disease (SUDD) is a syndrome within the diverticular disease spectrum,
characterized by local abdominal pain with bowel movement changes but without systemic inflammation. This narrative review
reports current knowledge, delivers practical guidance, and reveals challenges for the clinical management of SUDD. A broad and
common consensus on the definition of SUDD is still needed. However, it is mainly considered a chronic condition that impairs quality
of life (QoL) and is characterized by persistent left lower quadrant abdominal pain with bowel movement changes (eg, diarrhea) and
low-grade inflammation (eg, elevated calprotectin) but without systemic inflammation. Age, genetic predisposition, obesity, physical
inactivity, low-fiber diet, and smoking are considered risk factors. The pathogenesis of SUDD is not entirely clarified. It seems to result
from an interaction between fecal microbiota alterations, neuro-immune enteric interactions, and muscular system dysfunction
associated with a low-grade and local inflammatory state. At diagnosis, it is essential to assess baseline clinical and Quality of Life
(QoL) scores to evaluate treatment efficacy and, ideally, to enroll patients in cohort studies, clinical trials, or registries. SUDD
treatments aim to improve symptoms and QoL, prevent recurrence, and avoid disease progression and complications. An overall
healthy lifestyle — physical activity and a high-fiber diet, with a focus on whole grains, fruits, and vegetables — is encouraged.
Probiotics could effectively reduce symptoms in patients with SUDD, but their utility is missing adequate evidence. Using Rifaximin
plus fiber and Mesalazine offers potential in controlling symptoms in patients with SUDD and might prevent acute diverticulitis.
Surgery could be considered in patients with medical treatment failure and persistently impaired QoL. Still, studies with well-defined
diagnostic criteria for SUDD that evaluate the safety, QoL, effectiveness, and cost-effectiveness of these interventions using standard
scores and comparable outcomes are needed.
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Introduction

Colonic diverticulosis represents the most frequent finding during colonoscopy,' and diverticular disease represents
a common gastrointestinal condition and a worldwide burden on health-care systems.> Symptomatic Uncomplicated
Diverticular Disease (SUDD) is a syndrome within the diverticular disease spectrum. It is characterized by localized and
persistent abdominal pain with bowel movement changes and low-grade inflammation but without systemic
inflammation.>” SUDD is a recurrent chronic condition that negatively affects the quality of life (QoL).*'* As similar
symptoms are present in irritable bowel syndrome (IBS), it is debated whether SUDD has to be considered a disease of
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its own or whether it represents the coexistence of IBS and diverticulosis.> ’ This narrative review aims to explore the
current knowledge, deliver practical guidance, and show challenges for clinical management of SUDD.

Methods

This is a narrative review in which we report current knowledge, deliver practical guidance, and show challenges for the
clinical management of SUDD. The SANRA scale has been used to structure the present narrative review.'' Literature
search was conducted in October 2022 on MEDLINE, searching for MeSH and keywords including diverticulosis,
colonic diverticula, diverticular disease, diverticulitis, symptomatic uncomplicated diverticular disease, and irritable
bowel syndrome. After the first selection, only scientific articles related to the aim of the present review were considered.
Then, treatment recommendations are classified according to the evidence level (EL) and recommendation grade (RG) or
according to GRADE (Grading quality of evidence and strength of recommendations) level of evidence as they are
reported in literature.'>'* Herein, we report the last evidence on SUDD in chronological order and present this review
with an organized framework: SUDD definition, epidemiology, natural history, etiology, diagnosis, treatment, summary,

and conclusion.

Symptomatic Uncomplicated Diverticular Disease

Definition

In recent years, there has been an evolution in the taxonomic classification of diverticular diseases: diverticulitis
(complicated/uncomplicated diverticulitis, acute resolving diverticulitis, smoldering diverticulitis), segmental colitis
associated with diverticulosis (SCAD) and symptomatic uncomplicated diverticular disease (SUDD). Multiple defini-
tions of SUDD exist, and there is no uniform consensus mainly because of its similarity with IBS. Early in 2014, the
Italian consensus conference of the Italian Study Group of Diverticular Disease (GRIMAD) defined SUDD as
a syndrome characterized by recurrent abdominal symptoms resembling or overlapping IBS symptoms, attributed to
diverticula in the absence of macroscopically evident alterations other than the presence of diverticula.” Similarly, in
2015, the Italian Society of Colorectal Surgery released practice guidelines on diverticular diseases. Symptomatic
uncomplicated diverticular disease (SUDD) is defined as mild, recurring abdominal pain attributed to diverticula and
may be difficult to distinguish from irritable bowel syndrome (IBS).® However, results from the symposium at United
European Gastroenterology Week in 2017 and the international consensus from the 3rd International Symposium on
Diverticular Disease in 2019 characterized SUDD as a distinct clinical syndrome characterized by recurrent abdominal
symptoms attributed to diverticula in the absence of clinical, laboratory, or radiographic markers of overt
inflammation.** In addition, according to the 2020 European Society of Coloproctology (ESCP) guidelines for
managing colon diverticular disease, SUDD has not been generally accepted as patients with diverticula who
experience abdominal symptoms and changes in bowel habits with an overlap with IBS.” However, both guidelines
clarify as recent studies showed differences between SUDD and IBS other than colonic diverticula. Indeed, SUDD
more frequently interests older males while IBS younger females.”'*"'* Also, in SUDD, diarrhea is predominant rather
than constipation, and pain is not relieved by defecation or flatulence.’ In addition, pain patterns and localization are
different between SUDD and IBS. Pain is usually prolonged (>24h) with long remission periods and localized in the
left lower quadrant in SUDD, while in IBS it is shorter, with frequent recurrences, and diffuses to all the abdomen. '+ 1®
Besides, while both diseases are not interested by systemic inflammation (no fever, white blood cell count, and
C-reactive protein within the limits), fecal calprotectin is usually increased in SUDD and its concentration is correlated
with the severity of abdominal pain and the extension of diverticulosis.'>!” In addition, cohort studies showed that

101819 and negatively affects QoL.*'° Some previous studies defined SUDD as atypical

SUDD has a chronic course,
diverticular disease or atypical uncomplicated diverticulitis when occurred post diverticulitis, also described as PD-
SUDD.?* % In summary, SUDD might be defined as a chronic condition that impairs QoL characterized by persistent
left-lower quadrant abdominal pain with bowel movement changes and low-grade inflammation but without systemic

inflammation.
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Epidemiology

The prevalence and incidence of SUDD remain challenging to assess, mainly because of different definitions between
studies and the controversy of considering SUDD a distinct clinical syndrome. The prevalence of colonic diverticula
increases with age, and it is primarily a life-long asymptomatic condition, with only 10-20% of patients that will develop
diverticular disease.”>** Few studies explored SUDD prevalence, and the results are contrasting. In an Italian case—
control study including 5451 patients with colonic diverticula, Tursi et al found a prevalence of SUDD in 6.8% of
patients.” Interestingly, abdominal pain was recorded in almost 21% of patients, diarrhea in 5.3%, and constipation in
9.8% among patients with colonic diverticulosis.*® In a second Italian prospective observational multicenter cohort study
(the REMAD Registry), Carabotti et al found that 6.3% of the 490 patients with baseline diverticulosis developed SUDD
at one-year follow-up.'” Differently, in a cohort of 310 participants during a mean follow-up time of 6.8 years at the
University of North Carolina, Peery et al found that only 1% of participants with diverticulosis reported a protracted left
lower quadrant abdominal pain associated with SUDD.*> However, this lower prevalence might be the result of
a selection bias for the smaller number of participants and different inclusion criteria in the cohort of Peery et al.
Indeed, a previous study on an overlapping cohort of participants found that neither colonic diverticulosis, chronic
gastrointestinal symptoms nor mucosal inflammation were associated with mucosal inflammation in individuals with
diverticulosis and chronic gastrointestinal symptoms (considered as patients with SUDD).?° Indeed, some concerns were
raised about the validity of these results, and more studies are needed to outline the prevalence of SUDD.'®

Natural History

SUDD is a chronic condition with recurrent abdominal pain and bowel movement changes. SUDD’s natural history has
been explored by three studies with a follow-up period of at least 5 years after diagnosis.'®'®'” As reported by Salem
et al, among 163 patients with SUDD, acute diverticulitis occurred in 1.7%, and surgery was required in 0.9% after
a mean follow-up time of 5 years.'® While the REMAD Registry reports among 300 patients with SUDD, a 1.6%
incidence of acute diverticulitis after only 1 year of follow-up.'” Moreover, Tursi et al reported that among 185 patients
with SUDD, acute diverticulitis occurred in 7.6% and surgery was required in 3.2% after a median follow-up time of 13
years.'® The difference in acute diverticulitis rate between the studies is consistent with the more rigorous inclusion
criteria to define SUDD used by Tursi et al and with different follow-up periods. Importantly, all three studies
demonstrated that SUDD is a chronic and distinct clinical entity. Indeed, Tursi et al showed how QoL scores were
negatively affected by SUDD and were unmodified during the study period despite patients requiring multiple courses of
treatment. Still, only 8.6% achieved symptom resolution after SUDD diagnosis.'® Also, previous studies found lower
QoL scores in patients with SUDD with associated negative psychological, social, and physical symptoms, both during
and after acute attacks.® To assess QoL properly in patients with SUDD, a specific disease-targeted health-related QoL
questionnaire, the DV-QOL, has been developed and validated.’

Etiology

Research exploring risk factors and pathogenesis of SUDD report overlapping results with other diverticular diseases
(such as diverticulitis and SCAD). There are no specific studies on SUDD risk factors. Therefore, since formation of
colonic diverticula is the primary step in order to develop SUDD, herein we briefly list risk factors associated with
colonic diverticula formation and diverticular disease. However, specific studies of risk factors for development of
SUDD are warranted.

Risk Factors
Risk factors include age, genetic predisposition, obesity, physical inactivity, diet, and smoking.

Age is considered a risk factor for diverticular disease as the presence of colonic diverticula increases in prevalence
with age."**

Genetic predisposition to diverticular disease has been demonstrated in twin and sibling studies.?”*® In addition,
genes involved in immunity, extracellular matrix biology, cell adhesion, membrane transport, and intestinal motility have

been related to diverticular disease.”’ "
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Obesity and physical inactivity are major risk factors for diverticular disease, while a higher level of physical activity
may be a protective factor.*>>*

A diet high in red meat, fat dairy, and refined grains and low in fiber is considered a risk factor as it is associated with
diverticular disease.”> However, multiple studies explored the association of low fiber diet with diverticular disease and
diverticulitis, finding no causative relation between low fiber diet and diverticular disease.’®*” Nevertheless, large
epidemiological studies indicate that a healthy lifestyle (high fiber, with a focus on whole grains, fruits, and vegetables)
has a protective effect against the development of diverticulosis and diverticulitis.*® ** Also, nuts, grains, corn, and
popcorn — traditionally excluded — have been shown not to increase the risk of diverticular disease or diverticulitis.*'

Smoking has also been considered a possible risk factor for symptomatic diverticular disease, both in men and
women.*** Commonly used drugs, such as nonsteroidal anti-inflammatory drugs (NSAIDs), acetylsalicylic acid,
opioids, and steroids, significantly increase the risk of diverticular bleeding and complicated diverticulitis, but specific
data on SUDD are limited.>>***

Pathogenesis

Pathogenesis of colonic diverticula into diverticular disease or SUDD is complex and not wholly understood by several
theories and interdependent mechanisms.*® Low-grade inflammation, alteration of the fecal microbiota, abnormal colonic
motility, colonic mucosal ischemia, and neuro-immune interaction have been identified as potential factors leading to
symptom development.

Low-grade inflammation within the diverticular colonic mucosa has been considered a symptom-developing mechan-
ism associated with SUDD.3>#%:4¢ Indeed, while low-grade inflammation has no association with diverticulosis,?®
multiple studies showed how diverticular disease, particularly SUDD, is related to low-grade mucosal inflammation
and neuro-immune interaction (so-called visceral hypersensitivity).>>**’ Interestingly, studies have shown elevated
fecal calprotectin and tumor necrosis factor-alpha (TNF o) mRNA expression in patients with SUDD.">'"*7 Also,
elevated fecal calprotectin and TNF o seem to help differentiate the diagnosis of SUDD from IBS and correlate with
symptoms severity.>** In particular, fecal calprotectin, as it is widely available as a laboratory test and is already used in
clinical practice.

Fecal microbiota alteration is considered a central mechanism in the pathogenesis of SUDD. Studies on microbiota in
patients with SUDD have found decreases in bacteria that produce short-chain fatty acids and in Akkermansia
muciniphila, a mucin-degrading bacterium that promotes epithelial barrier integrity and suppresses
inflammation.*>***° In addition, a pilot study found clinical and symptom scores correlated with fecal microbiota
features like abundance in Ruminococcus, Roseburia, Lactobacillus, and Cyanobacterium in SUDD.*® Also, Barbara
et al reported depletion of microbiota members with anti-inflammatory properties, including Clostridium cluster IV,
Clostridium cluster IX, Fusobacterium, and Lactobacillaceae, with microbiota changes being related to mucosal immune
activation.”> Other studies showed that different microbiota compositions were associated with SUDD.?° Therefore,
colonic microbiota has been considered a therapeutic target for probiotics, fibers, and non-absorbable antibiotics.

Abnormal colonic motility and mucosal ischemia are also possible mechanisms for developing the prolonged
abdominal pain typical of SUDD. This could be produced by the sustained spastic state of the bowel wall, which
predisposes to mucosal ischemia in the diverticulum.>'~? In addition, abnormal segmentation of colon motility might
explain the higher frequency of diverticular disease in the sigmoid colon and, secondly, in the right colon compared to the
other segment.”” Also, altered colonic motility is associated with impaired intestinal permeability, assuming that altered
mucosal permeability could be responsible for symptoms genesis in SUDD.>* However, these hypotheses are theoretical
and based mainly on biological plausibility rather than evidence. Nevertheless, abnormal colonic motility and colonic
mucosal ischemia might be considered part of a dysfunction in the neuro-immune interaction.

Neuro-immune interaction has been considered a key element in the pathophysiological pathway of diverticular
disease and especially of SUDD. Numerous studies have demonstrated that patients with diverticulosis have differences
within myenteric plexuses and ganglions, with a reduction in the number of colonic interstitial cells in Cajal (ICCs) and
enteric glial cells and an increase in mast cells and myenteric plexitis.”> >’ The above modifications result in an abnormal
neuromuscular function and propulsive activity of the colon, especially in the diverticula segments.>® More recent studies
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have explored neuro-immune interaction between muscularis macrophages and ICCs, enteric neurons, smooth muscle,
fibroblast-like, and enteric glial cells.>® This results in an imbalance in neuro-immune interactions that may sustain low-
grade inflammation and abnormal colonic motility in many different gastrointestinal diseases.>®#>3%-36-3%:59

Although not completely clarified, SUDD’s pathogenesis seems to be related to an interaction between fecal
microbiota alterations, neuro-immune enteric interaction, and muscular system dysfunction associated with a low-
grade inflammation state. As described above, these factors lead to symptom development, providing

a pathophysiological basis for therapeutic options.

Diagnosis

The clinical presentation of SUDD is characterized by left lower quadrant abdominal pain associated with bowel
movement changes in patients with diverticular disease without systemic inflammation.®'*'%°° Abdominal pain is
located in the left lower quadrant. It is a chronic and prolonged pain (sometimes >24h) that not improves with bowel
movement.'® It is reported to be moderate and recurrent, with typically long remission periods.'* !¢ Associated bowel
movement changes include diarrhea, constipation, and bloating.’ No systemic inflammation, such as elevated white blood
count (WBC) and C-reactive protein (CRP), nor complication of diverticular diseases, such as bleeding, abscess,
perforation, fistula, colitis, and diverticulitis, should be present. In addition, fecal calprotectin can be used as
a biomarker for SUDD as it is typically increased, and its concentration is correlated with the severity of abdominal
pain and the extension of diverticulosis.'>'” Studies detecting fecal calprotectin in SUDD have used rapid (positive/
negative) or semi-quantitative tests.'>'” Therefore, a specific threshold is still missing for patients with SUDD.
Therefore, differential diagnosis with IBS is based on pain location, pain pattern, and fecal calprotectin.'*'®
Diagnostic features are displayed in Figure 1.

There are no specific indications and guidelines on the diagnostic workup for SUDD. When a patient presents with
abdominal pain consistent with SUDD, we recommend performing a complete physical exam with a rectal exam and
blood tests with total blood count and CRP. In case of WBC and CRP within the limits, and if SUDD is suspected, further
analyses might be considered case by case, especially in patients with long-lasting SUDD and in a research setting, for

Symptomatic uncomplicated diverticular disease (SUDD)

4 Abdominal pain:
Left lower quadrant

NO systemic inflammation:
Normal WBC and CRP

Local inflammation:
High fecal

/ calprotectin and

at pathology

// \ Impaired quality of life RP
S .'l:‘ paired quality of lif -t\

Figure | Diagnosis of SUDD. SUDD is mainly considered a chronic condition that impairs quality of life and is characterized by persistent left lower quadrant abdominal pain
with bowel movement changes (diarrhea, constipation, and bloating) and local inflammation (elevated calprotectin and at pathology) but without systemic inflammation.
Figure created with BioRender.com.

Abbreviations: WBC, white blood count; CRP, C-reactive protein.
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example, fecal calprotectin and fecal microbiota analysis. Still, imaging should be considered according to symptoms
severity and lab test results to exclude misdiagnosed diverticulitis or diverticular disease complications such as abscess or
micro-perforation. Intestinal ultrasonography (US) and Computed Tomography (CT) could be performed according to
local practice and availability.®' Where there is no previous diagnosis, colonoscopy is recommended for patients in
remission to confirm the presence of colonic diverticula and perform biopsy to rule out other colonic diseases.” Within
this workup, we consider it essential to assess QoL at baseline to evaluate QoL improvement after treatments. In
particular, the Gastrointestinal Quality of Life Index (GIQLI) is a well-known QoL score used in clinical practice and
research. In addition, a specific diverticular disease QoL instrument (DV-QOL) for patients with SUDD has been
developed as a patient-reported outcome measure (PROM) and recently used to define the thresholds of minimal
clinically significant difference and patient-acceptable symptom state.”** Also, a diverticular clinical score (DICS) for
SUDD has been developed and validated in a small prospective cohort.”> GIQLI, DV-QOL, and DICS are helpful in the
diagnosis, and monitoring, of SUDD in clinical practice and research settings, and they facilitate patient stratification and
therapeutic decision.®> However, their use is still scarce because of their recent development. Finally, a pilot study
presented an electronic multisensorial system capable of detecting fecal microbiota changes to predict clinical response in
patients with SUDD.®* Clinical monitoring might benefit from this new technology. However, further studies need to
confirm its replicability and usability in clinical practice.

Treatment

SUDD treatment aims to improve symptoms and QoL, prevent recurrence, and avoid disease progression and complications.
Therefore, we consider it pivotal to determine QoL at baseline to measure the treatment’s response and define a long follow-up
assessment to evaluate recurrence, disease progression, and complication. In particular, the diverticular disease QoL instru-
ment (DV-QOL) establishes a threshold for minimal clinically significant difference and acceptable symptom state in patients
with SUDD.”%? Also, the diverticular clinical score (DICS) has been recently validated in patients with SUDD, and it helps
comparing treatments in clinical practice and research settings.®® Ideally, the best management of SUDD is enrolling patients
in cohort studies, clinical trials, or registries.®>°® Symptoms control and decrease progression to complications (eg, diverti-
culitis) include probiotics, high-fiber diet, gut-directed antibiotics, and mesalazine; elective surgery might be considered for
patients with medical treatment failure and persistent low QoL 3106768 Management of SUDD is displayed in Figure 2.
Unfortunately, treatment recommendations are weakened because of the scarcity of studies and their heterogeneity produced
by the lack of a global consensus in defining SUDD, comparable clinical scores used, and QoL assessment.

Diet

Food and lifestyle are among the commonly discussed controllable risk factors, particularly dietary fiber.” An overall
healthy lifestyle — physical activity and a high-fiber diet, with a focus on whole grains, fruits, and vegetables — is
encouraged in case of diverticular disease.*>*’ High fiber diet and dietary supplements have been the mainstay of SUDD
treatment despite insufficient evidence®*® and are often associated with poor-absorbable antibiotics.* In a recent
systematic review and meta-analysis, Eberhardt et al reported with a low level of evidence that a high dietary fiber
intake (>29g/day) may improve gastrointestinal function in patients with SUDD and that dietary fiber supplementation
should be considered on an individualized basis.”® However, the GRADE (Grading quality of evidence and strength of
recommendations) level of evidence was low. Indeed, substantial methodological limitations, the heterogeneity of the
therapeutic regimens employed, and the lack of ad hoc designed studies limit the validity of fiber alone in SUDD, as
another systematic review highlighted.”' Current indications recommend a high fiber diet and diet supplement only in
association with cyclic Rifaximin.* %>

Probiotics

The rationale for probiotics in SUDD is based on their microbiota modulation ability and anti-inflammatory effects. In
a randomized, double-blind, placebo-controlled trial with 120 patients, Kvasnovsky et al found that a multi-strain
probiotic improved constipation and diarrhea but not bloating or abdominal pain. In addition, they discovered that
fecal calprotectin at 3 months did not differ from baseline.”” Results from three clinical trials demonstrate that patients
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Figure 2 Management of patients with SUDD. SUDD management aims to improve symptoms and QoL, prevent a recurrence, and avoid diverticulitis and complications.
Therefore, it is pivotal to determine QoL (DV-QOL) and clinical scores (DCIS) at baseline and enroll patients in cohort studies, clinical trials, or registries to ensure an
adequate follow-up and fill the knowledge gap. Treatments: cyclic Rifaximin (400 mg/12 h) 7 days/month plus High-fiber diet * supplemental fiber to reduce symptoms and
improve remission [EL: 2b; RG: B]; Mesalazine 800 mg/I2 h to enhance remission [EL: Ib; RG: A]; low-grade evidence for probiotics [EL: 3a; RG: B]; surgery in chronic
persistent SUDD with low QoL [EL 3; RG CJ; no evidence for nutraceutical formulation, anticholinergic or antispasmodic drug. Evidence Level (EL) and Recommendation
Grade (RG) are reported according to OCEBM.'2 DV-QOL is a specific diverticular disease QoL instrument for patients with SUDD.>¢? DCIS is a diverticular clinical score
developed and validated for patients with SuDD.®? Figure created with BioRender.com.

with SUDD benefit from improved maintenance of remission when treated with Lactobacillus cases, especially when in
combination with Mesalazine.”®’® Further studies investigated the efficacy of Lactobacillus acidophilus, L. helveticus,
and Bifidobacterium spp. 420 or Lactobacillus paracasei in patients with uncomplicated DD, observing a reduction in
abdominal pain and bloating.”*®' These studies suggest that probiotics may be part of managing SUDD. Indeed, the
2019 international consensus on diverticulosis and diverticular disease reached >95% of agreement that there is some
evidence that probiotics could effectively reduce symptoms in patients with SUDD [EL: 3a; RG: B].* However,
a systematic review could not demonstrate the efficacy of probiotics in diverticular disease or SUDD due to the high
heterogeneity and poor quality of data retrieved,® and other guidelines do not recommend their use in SUDD.>*?
Therefore, more extensive randomized, placebo-controlled studies are still needed before probiotics can be recommended
for managing SUDD with adequate evidence.®

Mesalazine

Mesalazine was proposed as a treatment for SUDD’s low-grade inflammation of the colonic mucosa. Three meta-analyses of
randomized controlled trials have been published so far about treatment with mesalazine.**®® Table 1 summarizes and
compares the different study populations, controls, and outcomes of these meta-analyses. Khan et al evaluated the effect of
mesalazine in patients with SUDD using wider inclusion criteria.** In particular, they included patients with diverticular
disease after an episode of diverticulitis and patients with SUDD after at least one episode of uncomplicated diverticulitis (in
other studies this condition has been defined as PD-SUDD).?* 2*** Their pooled analysis estimating the effect of mesalazine
compared to placebo showed no difference in overall recurrence.® Indeed, in subgroup analysis based on the Mesalazine
dose, patients who received >2g per day had a higher recurrence.** Iannone et al found that Mesalazine may reduce
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Table | Meta-Analyses on Mesalazine Use in SUDD

Study

Population

Control Group

Outcome

Khan, 2018%*

SUDD after at least one
episode of acute
uncomplicated
diverticulitis. (PD-SUDD)

Placebo

Recurrence:
® Overall: No difference (OR 1.2, 95% CI 0.96-1.5), I:* 9%
® Subgroup analysis:
- Mesalazine dose < 2g/day: No difference
(Five RCTs, OR 1.1, 95% Cl 0.7-1.5), I>=27%.
- Mesalazine dose > 2g/day: higher recurrence with Mesalazine
(Four RCTs, OR 1.28, 95% CI 1.02-1.62), 1>=0%

lannone, 2018%°

SUDD and acute

uncomplicated

Probiotics, Rifaximin,

placebo, no treatment, or

Achievement of remission:
® SUDD: (One RCT, 123 patients, OR 1.04; 95% CI 0.8—1.34)

diverticulitis. both probiotic and ® Acute uncomplicated diverticulitis: Mesalazine may achieve
placebo remission
(One RCT, 81 patients, OR 2.67; 95% Cl 1.05-6.79),

Excluded patients with Disease recurrence:
acute complicated ® SUDD: Mesalazine may decrease recurrence.
diverticulitis. ® (Two RCTs, 216 patients, OR 0.52; 95% Cl 0.28-0.97),

® Acute uncomplicated diverticulitis:

® (Seven RCTs, 2196 patients, OR 0.9; 95% Cl 0.61-1.33)

Picchio, 2018% SUDD Placebo Symptom relief (achievement of remission):

(Three RCTs, OR 0.4, 95% Cl 0.24-0.75, I2=65%)
Diverticulitis occurrence:
(Two RCTs, OR 0.35; 95% Cl 0.17-0.70, I2=38%)

Abbreviations: SUDD, Symptomatic Uncomplicated Diverticular Disease; RCT, Randomized Controlled Trial; OR, Odd Ratio; Cl, Confidence Interval.

recurrence in SUDD, but they could not prove the effect of Mesalazine in achieving remission. Nevertheless, Mesalazine
reduced symptoms compared to controls such as a placebo, probiotics, and rifaximin.** Picchio et al found that mesalazine
achieved a higher remission rate and decreased the incidence of diverticulitis in a patient with SUDD compared to
a placebo.*® To date, data comparing mesalazine to other treatment options, such as probiotics or rifaximin, is inconclusive.
Given these results and according to the 2019 international consensus on diverticulosis and diverticular disease, Mesalazine
effectively reduces symptoms for patients with SUDD [EL: 1b; RG: A].* However, long-term treatment is not recommended.
The dose recommended is 800mg/12h, which is more frequently reported in RCTs. However, the length (3weeks-1year) and
modality (continuous vs 7/10 days/month) of treatment or superiority of one regimen versus another have not been tested in
clinical trials. Therefore, treatment should be adapted to the individual patient based on symptom resolution.

Rifaximin

Rifaximin is a poorly absorbable oral antibiotic with a broad-spectrum activity, which decreases intestinal flora’s
metabolic activity, increases fecal mass, and reduces bacterial overgrowth.® Its safety and tolerability are high because
of its low absorption rates, implying that non-enteric pathogens are not exposed to selective pressure and the risk of
bacterial resistance.*®” Rifaximin acts through different mechanisms: inhibition of bacterial growth; better resistance to
bacterial infection; modulatory effects on some bacterial species, such as Lactobacillus spp and Bifidobacterium spp,
leading to the so-called eubiotic effect; modulation of bacterial metabolism; and anti-inflammatory activity.®” Different
guidelines and international consensus recommend using Rifaximin (plus fiber) in SUDD.*%7>7* Evidence about the
efficacy of Rifaximin for SUDD (summarized in Table 2) originates mainly from two studies: a meta-analysis and
a systematic review.*™"’

In a systematic review, Maconi et al examined the evidence for medical therapy in reducing symptoms and preventing
acute diverticulitis. They analyzed 31 prospective clinical trials reporting a high heterogeneity in study design, inclusion
criteria, patients’ characteristics, regimens and a combination of studied treatment, and outcome reporting that precluded
quantitative pooling of results and limited interpretation. However, in all the nine randomized trials with symptoms
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Table 2 Studies on Rifaximin Use in Symptomatic Uncomplicated Diverticular Disease (SUDD)

Study

Population

Control Group

Outcome

Maconi, 201 188

Systematic review

Heterogeneous:
SUDD, PD-SUDD,
asymptomatic DD

Placebo, fiber, fiber
supplement, Mesalazine,

probiotics, and combinations

High heterogeneity (inclusion criteria, treatments and outcomes).
Symptoms reduction in 2| studies
® Six DB PC RCT, one DB RCT, 8 open randomized trials, 6 open

after SUDD. non-randomized trials.
31 studies Acute diverticulitis (4 RCT, Rifaximin + fiber vs fiber only, |
y follow-up):
® 11/970 (1.1%) vs 20/690 (2.9%); P = 0.012; NNT=57
Bianchi, 2011%° SUbD Fiber supplement (+ placebo) | Symptom relief:

Meta-analysis 1660 patients or fiber only. ® Pooled RD 64% vs 29% (Rifaximin + fiber vs control)

(Four RCTs, 95% Cl 24.5% - 33.6%; p<0.0001; NNT=3; 1>=0%)
Acute diverticulitis occurrence:
® Pooled RD 1.0% vs 2.8% (Rifaximin + fiber vs control)

(Four RCTs, 95% Cl —3.4% - —0.57%; p = 0.0057; NNT=50;

12=0%)
Papi, 1995°° Subb Both fiber supplement and Cumulative symptoms score:
DB PC RCT 168 patients placebo ® No difference at 3 months (Rifaximin + fiber vs control)
® Reduced at 6, 9 and 12 months (p<0.05, p<0.00! and p<0.001).
The effect is particularly evident on abdominal pain and
bloating.
Di Mario, 201978 Subb Group A: Rifaximin 7d/mo. Symptoms (median VAS at 8 years follow-up):
Retrospective 816 patients Group B: symptomatic ® |eft lower abdominal pain, Group A: 3[3—4] vs Group B: 6
cohort study treatment only. [5-7], p<0.0001
® Bloating, Group A: | [0-1] vs Group B. 3[2-3], p<0.0001
® Bowel movements, Group A: | [0-1] vs Group B 2 [I-3],
p <0.0001
Acute diverticulitis occurrence:
® Group A: 9/346 (2.6%) vs Group B 21/470 (4.5%); p =0.155
Surgery rate:
® Group A: 4/346 (1.2%) vs Group B 9/470 (1.9%); p=0.432
Stallinger, 2014%° Subb None Symptoms improvement:

Observational, 1003 patients. ® |ower abdominal pain, flatulence, tenesmus, diarrhea, abdom-

prospective study inal tenderness, or sensitivity to touch improved after 3 mo,;

p<0.001.

Abbreviations: DD, Diverticular Disease; DB, Double-Blind; Cl, Confidence Interval; OR, Odd Ratio; PC, Placebo-Controlled; PD-SUDD, Post-Diverticulitis SUDD; RCT,
Randomized Controlled Trial; RD, Rate Difference; VAS, Visual Analogue Scale.

8,90-97

reduction as an outcome, a 400mg/12h or a higher dose of Rifaximin succeeded in reducing symptoms. And

cumulative data from the four randomized trials’®*+ ¢

evaluating the prevention of acute diverticulitis with Rifaximin
plus fiber vs fiber alone demonstrated significant benefit following Rifaximin and fiber (1-year rate of acute diverticulitis:
11/970 (1.1%) vs 20/690 (2.9%); P = 0.012), but with a number needed to treat of 57 to prevent an attack of acute
diverticulitis.*®

A meta-analysis of 1660 patients from four RCTs compared long-term efficacy administration of Rifaximin plus fiber
supplementation vs supplementation alone.® Bianchi et al found a pooled risk difference (RD) for symptom relief of
29.0% (Rifaximin versus control; 95% CI 24.5-33.6%; p < 0.0001) with a number needed to treat (NNT) of three. And
a pooled RD for a complication rate of —1.7% in favor of Rifaximin (95% CI —3.2 to —0.1%; P=0.03; NNT=59).
Therefore, Bianchi et al concluded that in symptomatic uncomplicated diverticular disease, treatment with Rifaximin plus

fiber supplementation is effective in obtaining symptom relief and preventing complications at 1 year.*’
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There is only a single multicenter, double-blind, placebo-controlled trial on Rifaximin.”® In 1995, Papi et al monitored
168 patients treated with fiber supplementation plus Rifaximin 400 mg every 12 h for 7 days every month (84 patients) or
fiber supplementation plus placebo at three-month intervals for 12 months. After 3 months, both treatments effectively
reduced the symptoms (lower abdominal pain, bloating, and diarrhea). Rifaximin plus fiber showed improved symptom
scores for lower abdominal pain and bloating compared to placebo plus fiber at 6, 9, and 12 months. In addition, both
treatments showed similar acute diverticular rates (2.4% vs 2.4%) during the study period.

A cohort of patients with SUDD treated with Rifaximin was analyzed during an 8-year follow-up.”® Overall, Di
Mario et al compared 436 patients treated with Rifaximin 800 mg/d for 7 days every month to 470 taking any other
treatment on demand (symptomatic treatment only). Left abdominal pain with visual analog scale (VAS), bloating, daily
bowel movements, acute diverticulitis, surgery, mortality, and side effects were analyzed. They found that the Rifaximin
group had improved left abdominal pain compared to baseline (VAS 3, IQR [3—4] vs VAS 6, IQR [5-7]) and to control
group (VAS 3, IQR [3-4] vs VAS 6, IQR [5-7]) at 8 years of follow-up (p<0.000). In addition, both bloating and daily
bowel movements were significantly reduced in the Rifaximin group. Acute diverticulitis was not statistically different
(n. 9, 2.6% vs n. 21, 4.5%; p=0.155). Also, surgery and disease-related mortality were similar, with no side effects
recorded during the entire study period.

Similarly, a multicentric, non-interventional prospective study carried out in Austria by Stallinger et al confirmed the
above results.”” Among 1003 patients over a period of 3 months, Rifaximin achieved improved symptoms (lower
abdominal pain, flatulence, tenesmus, diarrhea, abdominal tenderness), with good compliance (84%) and a low rate of
adverse events (0.6%).

Although the studies of Di Mario et al and Stallinger et al have a high risk of selection bias and retrospective nature of
the analysis, they are essential in evaluating real-world, long-term results in patients with SUDD treated with Rifaximin.
Multiple guidelines recommend that Rifaximin plus fiber supplementation be used in patients with SUDD for symptom
relief.”®’>"* Similarly, the international consensus from the 3rd International Symposium on Diverticular Disease
concurs with >98% of agreement that Rifaximin plus fiber is effective in reducing symptoms in SUDD patients compared
to fiber alone [EL: 2b; RG: B].*

Therefore, a prolonged treatment with Rifaximin 400gm/12 h for 7 days/months plus a high-fiber diet with/without

4,60,73

supplemental fiber is recommended as it reduces symptoms and improves remission. QoL improvement and cost-

efficacy of Rifaximin for the treatment of SUDD still need to be determined.

Other Medical Treatment
There is no sufficient evidence to recommend nutraceutical formulations, anticholinergic and antispasmodic drugs in
SUDD.®° Preliminary studies on nutraceutical formulation reported positive results in improving symptoms in SUDD,

but more studies are needed to confirm these findings.'®

Surgery
SUDD is a chronic condition with recurrent abdominal pain and bowel movement changes that has a long-term negative
impact on health-related QoL, low rate of symptom resolution, and limited evidence about QoL improvement with

7.8.10.18.19.92.101 patients might experience chronic discomfort, medical treatment failure, and persistently

medical therapy.
impaired QoL. In such patients, surgery can considered case by case in a shared decision-making setting, after patient
expectation discussion and informed consent.'® This discussion is necessary as few data regarding long-term outcome
and rate of recurrence have been published so far. In addition, some clarifications are needed as SUDD might affect
patients in differently. For example, a recent study showed that SUDD occurred after an acute diverticulitis episode as
a different clinical condition named post-diverticulitis SUDD (PD-SUDD),> and found it associated with an unexpected
abscess in almost half of the patients post asymptomatic uncomplicated diverticulitis and 63% with PD-SUDD.** Also,
an overlapping preoperative diagnosis of IBS has been associated with postoperative recurrence of SUDD, analogously
to diverticulitis.”""'*® Therefore, excluding a diagnosis of IBS is mandatory before surgery.

Sigmoidectomy is safe and effective in improving QoL and symptoms in patients with SUDD.?*2"%:1% According to
ESCP guidelines, elective colon resections should be performed with a minimally invasive surgery approach to benefit
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from better short-term outcomes’ Still, minimally invasive sigmoidectomy carries a burden in postoperative complica-
tions, with 9.6% of patients developing a Clavien-Dindo > I1.%® In addition, despite QoL improvement, 7.4—12% of
patients report symptom persistence after sigmoidectomy.?*' According to Danish national guidelines for the treatment
of diverticular disease, in chronic SUDD not amenable to conservative measures 3 of 4 benefits from resection, and
chronic SUDD or by frequent relapse, resection can be considered if the condition is intolerable [EL 3; RG C].”?
Minimally invasive elective sigmoidectomy might be proposed according to patients’ needs and expectations whenever
medical treatment fails, and QoL improvement is needed.

Summary and Conclusion

This review provided practical guidance about the clinical management of patients with SUDD and showed the current
challenges and the missing knowledge gap. Even if broad consensus on the SUDD definition is still needed, SUDD might
be defined as a chronic condition that impairs QoL, characterized by persistent left lower quadrant abdominal pain with
bowel movement changes and diverticula but without systemic inflammation. Risk factors for SUDD include age, genetic
predisposition, obesity, physical inactivity, diet, and smoking. Pathogenesis of SUDD is still unclear: low-grade
inflammation, alteration of the fecal microbiota, abnormal colonic motility, colonic mucosal ischemia, and neuro-
immune interaction have been identified as potential factors leading to symptom development. At diagnosis, it is crucial
to assess baseline clinical and Quality of Life (QoL) scores to evaluate treatment efficacy and, ideally, to enroll patients
in cohort studies, clinical trials, or registries. Using Rifaximin plus fiber and mesalazine shows potential in controlling
symptoms in patients with SUDD and might prevent acute diverticulitis. Surgery could be considered in patients with
medical treatment failure and persistently impaired QoL. Still, better-quality studies with well-defined diagnostic criteria
for SUDD that evaluate these interventions’ safety, QoL, effectiveness, and cost-effectiveness using standard scores and
comparable outcomes are needed.
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