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SUMMARY

Part 1 A less aggressive approach to the treatment of left-sided colonic diverticulitis can 

be noticed, but there still is controversy about the appropriate management of the various 

stages of the disease. Conservative treatment for uncomplicated acute diverticulitis 

traditionally includes antibiotic treatment, and most international guidelines recommend 

accordingly. At the start of the research described in this thesis however, it was uncertain 

whether these patients indeed benefit from antibiotics, since evidence from prospective 

studies or randomized trials was lacking.

Chapter 1 presents a narrative review that addresses the emergence of a less aggressive 

approach to the management of colonic diverticulitis in the last decade. The standard of 

care for perforated or complicated diverticulitis evolved from a Hartmann’s procedure, 

to resection and primary anastomosis, to treatment with antibiotics and percutaneous 

drainage in a carefully selected (Hinchey 2) patient subset. More recently, laparoscopic 

lavage has been posed as a promising less invasive treatment for selected cases of 

Hinchey 3 patients, while others dispute this. Likewise, for uncomplicated diverticulitis 

the approach has become less aggressive with a change from intravenous antimicrobial 

therapy, starvation and admission to the hospital, to oral antibiotics and finally to 

observation and outpatient treatment. This changing approach is due to expanding 

evidence on optimal treatment and is congruent with an increasing understanding that 

diverticulitis comprises different disease entities with heterogeneity among patients. 

Avoidance of overtreatment has obvious benefits: less in-hospital treatment, cost 

reduction, diminished development of antimicrobial resistance, reduction in complication 

rate and side effects, and presumably a better quality of life for the patient. We conclude 

by stating we might have overtreated the majority of diverticulitis patients for decades.

Chapter 2 describes a study protocol for a multicenter randomized clinical trial 

investigating the cost-effectiveness of treatment strategies with or without antibiotics 

for uncomplicated acute diverticulitis (DIABOLO trial).  A pragmatic trial set-up is 

chosen over a double-blind placebo controlled randomized trial. By comparing two 

contemporary treatment strategies, instead of investigating the effect of antibiotics in 

a more experimental setting in which all patients will be admitted, the outcome will be 

more applicable in daily practice. Patients are eligible for inclusion if they have a primary 

diagnosis of acute uncomplicated diverticulitis, with stages 1a and 1b according to 

the Modified Hinchey classification or “mild” diverticulitis according to the Ambrosetti 

criteria, as demonstrated by radiological imaging. The primary endpoint is time-to-full 

recovery within a 6-month follow-up period. A clinically relevant difference of more than 

5 days in time-to-full recovery between the two treatment strategies is not expected. In 

a non-inferiority design a total of 533 patients need to be included. Secondary endpoints 

are proportion of patients who develop complicated diverticulitis requiring surgery or 

non-surgical intervention, morbidity, costs, health-related quality of life, readmission rate 
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and acute diverticulitis recurrence rate. The observational strategy without antibiotics is 

anticipated to be a more cost-effective approach. 

In Chapter 3 the results of the DIABOLO trial are presented. This study was performed in 

22 clinical sites in the Netherlands. Between June 2010 and October 2012 528 patients 

with CT-proven, primary, left-sided, uncomplicated, acute diverticulitis were randomly 

assigned to an observational (262 patients) or antibiotic (266 patients) treatment strategy. 

An intention-to-treat analysis was done. Median time-to-recovery was comparable 

among observational and antibiotic treatment strategies (14 days [IQR, 6 to 35] vs 12 days 

[IQR, 7 to 30]; P = 0.291 by the Log-Rank test), with a hazard ratio for recovery of 0.910 

(upper limit one-sided 95% CI, 1.059; P = 0.151). We found no significant between-group 

differences for the main secondary endpoints. Hospital stay was significantly shorter in 

the observational strategy without antibiotics (P < 0.01). Results of per-protocol analyses 

were in accordance with the results of the intention-to-treat analyses. In conclusion, 

observational treatment for uncomplicated acute diverticulitis does not result in an 

increase in time-to-recovery, nor in higher rates of readmission, complicated, ongoing 

and recurrent diverticulitis and sigmoid resection. This trial therefore shows observational 

treatment is without significant repercussions, which indicates that antibiotics can safely 

be omitted.

Part 2 focuses on the follow-up after an episode of uncomplicated acute diverticulitis. 

Current guidelines recommend routine follow-up colonoscopy after acute diverticulitis to 

confirm the diagnosis and exclude underlying malignancy. This recommendation merely is 

based on expert opinion and dates back to the time before widespread use of abdominal 

CT. The value of colonoscopy has recently been questioned because of contradictory 

study results on the yield of colonoscopy. Another one of today’s controversies in 

the follow-up is the management of recurrent diverticulitis. Conservative treatment 

has become the preferred choice because elective resection has been abandoned as 

standard therapy for recurrent diverticulitis since it is now known that multiple episodes 

of diverticulitis do not seem to be associated with increased mortality or an increased risk 

of complicated diverticulitis. However, the value of different medical therapies that have 

been developed for the prevention of recurrent diverticulitis is unclear.

We performed a systematic review with the aim to assess the need for routine 

colonoscopy after acute diverticulitis. The results are presented in Chapter 4. A literature 

search was done in MEDLINE, EMBASE, CINAHL databases and the Cochrane database 

of Systematic Reviews. Two authors performed selection and data-extraction. Articles 

dealing with follow-up colonoscopy after a recent episode of imaging proven left-sided 

acute diverticulitis in adults were eligible for inclusion. The methodological quality 

and susceptibility to bias of the studies were assessed. We calculated the estimated 

pooled prevalence and 95% confidence intervals of advanced colonic neoplasia (ACN), 

comprising colorectal carcinoma (CRC) and/or advanced adenoma (AA), as detected with 
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colonoscopy after acute diverticulitis, based on a random effects model. Eight studies 

of moderate methodological quality with a total of 1,796 patients met the inclusion 

criteria. There was limited heterogeneity among included studies. The estimated pooled 

prevalence of ACN, CRC and AA was 5.0% (CI, 3.8-6.7%), 1.5% (CI, 1.0-2.3%) and 3.8% 

(CI, 2.7-5.3%) respectively. In conclusion, in patients with colonoscopy after imaging 

proven acute diverticulitis the prevalence of ACN is low, though the prevalence of CRC is 

somewhat higher than in asymptomatic populations. These data do not support current 

practice of performing follow-up colonoscopy in these patients. Definitive conclusions 

however cannot be drawn, due to limitations of included studies, of which lack of an 

adequate control group is the most important. 

In Chapter 5 the results of the first cohort study that directly compared the diagnostic 

yield of follow-up colonoscopy after CT-proven uncomplicated acute diverticulitis with the 

yield of screening colonoscopy in an asymptomatic population from a primary screening 

program for CRC are presented. A total of 401 patients with uncomplicated diverticulitis 

was compared with 1,426 screening participants, derived from cohorts of two multicenter 

randomized clinical trials executed in the Netherlands between 2009 and 2013. The 

histopathology outcome of removed lesions during colonoscopy was used as definitive 

diagnosis. The detection rate of CRC [1.2% vs 0.6%; OR, 1.30 (95% CI, 0.39-4.36); P = 

0.673], AA [5.5% vs 8.7%; OR, 0.62 (95% CI, 0.38-1.01); P = 0.053], and ACN [6.7% vs 

9.1%; OR, 0.71 (95% CI, 0.45-1.11); P = 0.134] did not differ significantly between the 

groups. Our findings suggest that routine follow-up colonoscopy after primary CT-proven 

uncomplicated left-sided acute diverticulitis can be omitted. Follow-up colonoscopy may 

be beneficial when a diagnostic dilemma exists and may be targeted at high-risk patients, 

but such an approach first needs prospective evaluation.

In Chapter 6, the existing literature on conservative measures for the prevention of 

recurrent diverticulitis after a primary episode of acute diverticulitis published between 

January 1966 and January 2011 was systematically reviewed. Conservative measures 

were defined as dietary advises and medical therapies. The search resulted in the inclusion 

of three randomized controlled trials. One study, comparing Rifaximin plus Mesalazine 

(5-aminosalicylic acid) with Rifaximin alone, found that the combination therapy with 

Mesalazine results in significantly less disease recurrence and fewer symptoms after an 

acute episode. Another study showed that the use of probiotics decreases abdominal 

symptoms but does not reduce recurrence. In the third study no difference in effect is 

seen when Balsalazide is added to probiotics compared to probiotics only. No studies 

assessing the use of dietary fibre or antibiotics for prevention of recurrent diverticulitis 

were found. In conclusion, the evidence of medical treatment to prevent recurrence of 

diverticulitis is scarce and the available studies are of moderate quality. It is therefore too 

early to recommend any non-operative relapse prevention therapy, though treatment with 

5-aminosalicylic acid seems promising.
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Part 3 concentrates on the involvement of gut microbiota in diverticulitis. Currently, we 

lack a clear understanding of the pathophysiologic mechanisms responsible for the 

progression from diverticulosis to diverticulitis. Theories are now shifting away from 

the traditional dogma that posits fecalith obstruction of a diverticulum to cause acute 

diverticulitis towards a view in which microbiota may play a central role. To date however, 

the gut microbiome of diverticulitis patients has not yet been characterized.

In Chapter 7 a new hypothesis, encompassing important roles for altered gut microbiota 

and low-grade chronic inflammation in the etiopathogenesis of diverticular disease, is 

proposed. The onset of inflammation in diverticulitis shows similarities to the induction 

of inflammation in inflammatory bowel disease, a spectrum of diseases with known 

changes in gut microbiota. Based on current literature, we integrated known factors 

and the new player in the field, gut microbiota, in a multifactorial theory. Several lines of 

indirect evidence support a potential association of altered gut microbiota and low-grade 

chronic inflammation with diverticular disease and its complications. It is concluded that 

a changed microbiota composition is a plausible etiopathogenetic factor in diverticular 

disease. A solitary role for microbiota and immune response activation is not likely though 

and the pathogenesis is more likely multifactorial and the result of complex interactions.

Characterization of the gut microbiome composition is the first step in elucidating a 

possible role for gut microbiota in the etiopathogenesis of diverticulitis. In Chapter 8 the 

fecal microbiota composition of 31 patients with a first episode of CT-proven left-sided 

uncomplicated acute diverticulitis is compared with the composition of 25 control subjects 

evaluated for a range of gastrointestinal indications. A high-throughput polymerase chain 

reaction (PCR)-based profiling technique (IS-pro) was performed on DNA isolates from 

fecal samples. Firmicutes/Bacteroidetes ratios and Proteobacteria load were comparable 

among patients and controls. In diverticulitis higher fecal microbiota diversity was noted, 

with the Proteobacteria phylum mainly defining this difference. The diagnostic accuracy 

of the cross-validated partial least squares discriminant analysis regression model was 

84%. The most discriminative species derived largely from the family Enterobacteriaceae. 

In conclusion, diverticulitis patients have higher diversity of fecal microbiota than controls 

from a mixed population. Furthermore, our study demonstrates that the diagnosis of 

diverticulitis can be done by microbiome analysis with relatively good accuracy. The 

analysis of intestinal microbiota therefore offers a novel way to diagnose diverticulitis.
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FUTURE PERSPECTIVES

The Dutch Surgical Society (Nederlandse Vereniging voor Heelkunde) pursues an 

evidence-based policy with regards to the optimal treatment of both uncomplicated and 

complicated diverticulitis. On that account it has since 2009 provided a platform to promote 

the ongoing Dutch Diverticular Disease Group trials and present its study results at the 

annual national congresses. The 2012 Dutch guideline on diverticulitis internationally took 

the lead on controversial issues by progressively stating there is no evidence for the routine 

administration of antibiotics in patients with uncomplicated diverticulitis and stating there 

is no indication for routine endoscopic examination after an episode of diverticulitis.1 The 

scientific evidence for these recommendations at that time was limited. 

Last years, considerable progress has been made in the scientific field regarding 

diverticulitis; surgical approaches have become less invasive and traditional treatment 

principles are being studied extensively. Despite these developments, there still is room 

for further improvement and many questions have yet to be answered. The research 

reported in this thesis aims to contribute to the optimization of the approach to patients 

with uncomplicated diverticulitis. For complicated diverticulitis results of several ongoing 

trials will add to present knowledge and possible change treatment choices as well. 

The outcomes of the DIABOLO trial confirm the results of the Scandinavian randomized 

clinical trial, which also investigated the need for antibiotic treatment in acute uncomplicated 

diverticulitis and was published in 2012. They have found that antibiotic treatment neither 

accelerates recovery nor prevents complications or recurrence, but the study included 

a large proportion of patients with recurrent diverticulitis.2 In a recent review therefore 

it is reluctantly concluded antibiotic treatment may not be required in all patients.3 In 

both this review as in a Cochrane systematic review it is stated that first confirmation 

by further high-quality randomized controlled trials is needed, if management is to be 

evidence-based.3,4 Recent international guidelines and practice parameters remained 

unchanged and also conclude that further research is required before adopting an 

antibiotic-free treatment strategy.5,6 With the results of the DIABOLO trial – presented in 

this thesis –, now a second randomized trial indicates that antibiotics are of no additional 

value. With the knowledge that the present trial only included primary episodes of mild 

acute diverticulitis there now is sufficient evidence available for the implementation of 

an observational treatment strategy without antibiotics for uncomplicated diverticulitis in 

international guidelines. 

Omitting antibiotics in the treatment of uncomplicated acute diverticulitis should for the 

time being be limited to patients classified with Hinchey 1a diverticulitis. Though the 

results of the DIABOLO trial suggest this recommendation may be applicable to patients 

with Hinchey 1b diverticulitis as well, caution is advised within this subgroup of patients 

with a small pericolic or mesocolic abscess. In literature there are no high-quality papers 

about the treatment of diverticulitis patients with abscess formation and an observational 
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strategy has never been evaluated. Therefore prospective samples, considerably larger 

than the 42 patients in our study, are required before definitive conclusions can be 

drawn for optimal treatment strategy in patients with Hinchey 1b diverticulitis. As well, 

patients with significant comorbidity, inflammatory bowel disease, pregnancy, clinical 

suspicion of sepsis and immune compromised patients should be excluded from this 

recommendation. It is important to investigate further which features may predict which 

patients could benefit from an antibiotic treatment strategy and define subgroups.  

The patient load will most likely rise in the nearby future, therefore, further optimization 

of treatment strategies and facilitation of cost-effective care are the main challenges. 

The DIABOLO trial was also intended to compare cost-effectiveness of an observational 

strategy with an antibiotic strategy. These analyses are currently in the final phase, 

and results to be awaited. A combination of an antibiotic-free and outpatient treatment 

may lead to further optimization of the treatment strategy for uncomplicated acute 

diverticulitis.7,8 

Gaining better insight in the natural history of diverticular disease, its clinical picture 

and the results of follow-up after treatment already had great influence on management 

strategies. The treatment of diverticulitis though, can only be optimally tailored to the 

individual patient when the unknown pathophysiology of diverticulitis is clarified. Recent 

publications on diverticular disease have challenged long-standing disease concepts and 

management strategies. New research, including our own, implicates an important role 

for alterations of gut microbiota. Our study demonstrated that the fecal microbiota of 

diverticulitis patients differs significantly from controls and diagnosis of diverticulitis could 

be done by microbiome analysis. Although these results need external validation, exciting 

new perspectives lie in their clinical applicability such as the possibilities of using fecal 

transplantation (bacteriotherapy) for the prevention of recurrent diverticulitis. 

Further studies need to determine whether changes in the gut microbiome indeed are 

a cause or just a consequence of diverticular disease. From an etiopathogenetic point 

of view, it would be interesting to further investigate whether there is a gradual shift 

in microbiota composition from diverticulosis towards diverticulitis. If the exact role of 

gut microbiota in diverticular disease is determined this could also be of great clinical 

value in prevention of disease and targeting of treatment. Currently, we are trying to gain 

insight in the course fecal microbiota composition takes in patients with a first episode 

of uncomplicated acute diverticulitis and the effects of antibiotic therapy on this course. 

The pathogenesis most likely is multifactorial and the result of complex interactions. There 

may well be some missing links, yet to be discovered, other than a changed microbiome 

and subsequent activation of immune responses that are necessary for the development 

of diverticular disease and/or its complications. It is of paramount importance to gain a 

better understanding of the pathophysiology of diverticular disease; this could lead to 

better targeting and even new targets of treatment. 
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