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GENERAL INTRODUCTION

Diverticular disease 

Colonic diverticular disease comprises a spectrum of conditions. Diverticulosis is 

defined as asymptomatic uninflamed colonic diverticula. These diverticula are pockets of 

mucosa, bounded by muscularis mucosae and covered with a thin layer of submucosa, 

that herniate through weak points in the muscle wall at the sites of penetration of the vasa 

recta.1 Uncomplicated diverticular disease signifies symptomatic disease associated 

with mild symptoms such as abdominal pain and/or change in bowel habit. Complicated 

diverticular disease is diverticulitis with more severe clinical symptoms and evidence 

of inflammation. Finally, abscess, perforation, peritonitis, fistula, bleeding, stricture, or 

obstruction accompanies complicated diverticulitis. Several grading systems exist for 

acute diverticulitis, of which the Ambrosetti and Modified Hinchey classification are most 

widely used.2-4

Epidemiology

The prevalence of diverticulosis increases with age, ranging from approximately 10 percent 

in adults aged younger than 40 years to 50 to 70 percent among octogenarians and 

older people.5,6 Most people with diverticulosis remain asymptomatic. Older publications 

report that approximately 10 to 25 percent of patients with diverticulosis develop left-

sided acute diverticulitis7-9, but given the extremely high prevalence of diverticulosis these 

are unlikely figures. The majority of patients with diverticulitis has a mild acute course 

of disease.10 Diverticular disease has an increasing incidence and consequent rise in 

hospitalization rates and costs.11-13 In the Netherlands a 40 percent increase in admission 

rate for diverticular disease was noticeable in 2010 compared to 2008.14 It is one of five 

most costly gastrointestinal diseases in the United States.11 Thus, diverticular disease 

imposes a high socioeconomic burden on Western countries.

Pathogenesis 

To date, the cause of diverticulosis and the pathogenesis of diverticulitis have not been 

conclusively established. Since Painter and Burkitt15, over 40 years ago, put forth their 

hypothesis that a “low-residual diet”, high in refined carbohydrates and low in fiber, and 

increased colonic intraluminal pressure were responsible for the development of colonic 

diverticula, conflicting data on the role of fiber in the development of diverticular disease 

have emerged.16-17 Nevertheless, based on this long-held fiber hypothesis patients with 

diverticular disease are still recommended to increase their dietary fiber intake. Most likely, 

dietary factors, structural changes to the colonic wall, functional changes but also genetic 

changes and aging all play roles that are related to each other.18 Similarly for diverticulosis 

as for the development of diverticulitis old dogmatic theories, which state that fecalith 

obstruction of a diverticulum causes bacterial overgrowth, diverticular inflammation and 

focal necrosis resulting in a microscopic or macroscopic perforation of a diverticulum, are 

losing ground. It has been suggested that this condition should be regarded as a form of 
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inflammatory bowel disorder (IBD) based on common histologic findings.19 The chronic 

component in some patients with symptomatic diverticular disease indeed resembles 

periods of exacerbation and remission in IBD. So existing pathophysiologic concepts 

are being challenged and new research implicates a role for low-grade inflammation and 

alterations of gut microbiota in the development of diverticular disease.20

Microbiota

Nucleic acid sequencing methods have provided a major advance in culture-independent 

analysis of the gut microbiota.21 It is known that the human endogenous microbiota play a 

fundamental role in health and disease. The microbial layer in the gut mucosa contributes 

to the gut barrier function. It provides resistance to pathogens, thereby controlling 

homeostasis of the immune system.22 Disease specific variations in the composition of 

the colonic microbiota have been identified, for example in IBD.23-25 Diverticular disease 

patients have also been hypothesized to harbor a change in gut microbiota that promotes 

disease and inflammation, either due to altering the immune process or by permitting 

an abnormal response to potentially harmful bacteria.19 However until now, no studies 

analyzing the entire gut profile of diverticulosis or diverticulitis patients have been 

performed. 

Treatment 

Controversy exists about the appropriate management of the various stages of 

diverticular disease. The last decade the management of diverticulitis is evolving. Surgical 

interventions for acute diverticulitis are becoming less invasive. Further, indications for 

recurrent diverticulitis are becoming limited. This has not led to an increased incidence 

of complicated disease though.26 For uncomplicated diverticulitis a shift away from 

aggressive treatment with admission and antibiotics towards a more liberal approach 

can be noticed. The natural history of acute diverticulitis is mild in the vast majority of 

patients10, and most patients are treated successfully by conservative measures.27-29 

Whether or not antibiotics are used varies between countries and disciplines.30-32 It is 

uncertain however, whether antibiotics are necessary in the treatment of a first episode of 

uncomplicated acute diverticulitis. At the start of the research described in this thesis two 

non-randomized studies comparing observational and antibiotic treatment in patients 

with uncomplicated acute diverticulitis were published; results suggest that antibiotic 

treatment is not more successful.33,34 Internationally antibiotics are recommended for 

uncomplicated diverticulitis.35-40 Omitting antibiotics could be a more cost-effective 

treatment and at the same time in line with the World Health Organization’s strategy to 

combat escalating antimicrobial resistance by reducing antibiotic overuse.41 Randomized 

controlled trials this area are required if management is to be evidence-based.
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Follow-up colonoscopy 

Currently, most international and clinical practice guidelines recommend routine follow-up 

colonoscopy after non-operatively treated acute diverticulitis. The rationale is to confirm 

the diagnosis and exclude underlying malignancy or advanced colonic neoplasia.36,39,42-45 

This recommendation dates back to the time the diagnosis was primarily based on 

clinical examination and laboratory results with frequent use of barium enema.46 In today’s 

clinical practice however, abdominal computed tomography (CT) is widely used for 

diagnosing diverticulitis. Because CT has a high sensitivity and specificity and a low inter 

observer variability for the diagnosis diverticulitis, the need for follow-up colonoscopy 

may therefore be questioned.47-48 The latest Dutch diverticulitis guideline advises not to 

routinely perform endoscopy after an episode of diverticulitis,49 but stands alone among 

the guidelines of other countries. The results of several studies on the yield of colonoscopy 

after an episode of acute diverticulitis as well as a recent systematic review, although 

including studies of moderate methodological quality, cast doubt on current international 

practice.50 Since colonoscopy is accompanied by disadvantages as invasiveness, risk 

of perforation and additional costs, it is important to know whether there is a justified 

indication for colonoscopy after a confident diagnosis of acute diverticulitis.

Prevention of recurrent diverticulitis 

After an episode of diverticulitis patients are at risk for developing recurrent disease. 

Traditionally, elective resection was advised after two documented episodes of 

uncomplicated diverticulitis requiring hospitalization and/or after one episode of 

complicated diverticulitis.35,37,38,51 The rationale was a high recurrence rate of up to 60 

percent as reported in old studies.7 Simultaneously it was thought that patients with a 

recurrence had higher complication and mortality rates and were less likely to respond to 

medical treatment.35,37 In recent literature however, the reported recurrence rates are much 

lower28,52, a consequence of wider use of imaging modalities to confirm the diagnosis. 

The recurrence rate of conservatively treated patients is approximately 25 percent.53 

Furthermore, recent studies have demonstrated that most patients with complicated 

diverticulitis are facing their first attack and a small minority develops complicated 

diverticulitis during subsequent attacks.54-55 Consequently, recurrent diverticulitis is at 

present not necessarily an indication for elective resection36,54,56, all the more so since the 

operation itself carries a risk of morbidity, colostomy, mortality and the risk for recurrence 

is not eliminated.57 Hence, a conservative approach is advised after an episode of 

diverticulitis, to improve symptoms and prevent recurrences. Several therapies have been 

proposed, such as high-fiber diet, antibiotics, 5-aminosalicylic acid and probiotics. It is 

unclear however whether these therapies prevent recurrent diverticulitis. 
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Aim of the thesis

In summary, there are several controversies in the approach to patients with acute 

diverticulitis. First, the pathogenesis of diverticular disease remains poorly understood, 

and new research drives theories away from the traditional dogmas towards views with 

a proposed role for low-grade inflammation and alterations of gut microbiota. Second, 

the appropriate management of the various stages of the disease and its complications is 

still under debate, though a shift away from invasive treatment towards a less aggressive 

approach is noticeable. Although most current international guidelines advise the 

use of antibiotics it is uncertain whether antibiotics are necessary in the treatment of 

uncomplicated acute diverticulitis. The lack of evidence mandates a scientific judgment. 

At the core of this thesis therefore is the DIABOLO trial, a randomized multicenter trial our 

research group initiated to investigate the effect of antibiotics on disease course in patients 

with uncomplicated acute diverticulitis. Furthermore, the use of routine colonoscopy 

after an episode of acute diverticulitis remains controversial because of conflicting study 

results. Lastly, the value of conservative treatment after an episode of diverticulitis to 

prevent recurrent diverticulitis is unclear. In this thesis we present several reviews, the 

DIABOLO trial study protocol and clinical results, a hypothesis and retrospective and 

prospective studies ancillary to the DIABOLO trial. The aim of this thesis is to add clarity 

to the existing controversies in the management and follow-up of patients with acute 

diverticulitis, and to provide new insight on the pathogenesis of this disease.
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OUTLINE OF THE THESIS 

This thesis addresses several aspects of the treatment, follow-up and microbiota in acute 

diverticulitis. We divided this thesis in three parts. 

The first part of this thesis focuses on the treatment of diverticulitis. In Chapter 1 we 

present a narrative review that describes the emergence of a less aggressive approach to 

the management of colonic diverticulitis in the last decade. The understanding we might 

have overtreated the majority of diverticulitis patients for decades has led to various 

randomized clinical trials regarding the optimal management of patients with different 

stages of diverticulitis, amongst which the DIABOLO trial. In Chapter 2 the study protocol 

and rationale of the DIABOLO trial are described. This study was designed to evaluate the 

cost-effectiveness of treatment strategies with or without antibiotics for uncomplicated 

acute diverticulitis. The clinical results of this randomized clinical trial are reported in 

Chapter 3. 

The second part of this thesis evaluates the follow-up after uncomplicated diverticulitis. 

To assess the need for routine follow-up colonoscopy we first present a systematic 

review in Chapter 4, reporting the outcomes of colonoscopy after left-sided acute 

uncomplicated diverticulitis. Second, in Chapter 5, we describe the results of the first 

cohort study that directly compared the diagnostic yield for advanced colonic neoplasia 

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

yield of screening colonoscopy in an asymptomatic screening population. To evaluate 

whether medical or dietary therapies can prevent recurrent diverticulitis, in Chapter 6 

we critically review the worldwide literature available on conservative measures after a 

primary episode of acute diverticulitis.

The third part of this thesis concentrates on the role of microbiota in diverticulitis. In 

Chapter 7, we propose a new hypothesis for the etiopathogenesis of diverticular disease 

and diverticulitis in particular, in which we aim to integrate known factors and the new 

player in the field, gut microbiota, in a multifactorial theory. This hypothesis has led to 

the study described in Chapter 8, in which we characterized the gut microbiome in 

diverticulitis by comparing the fecal microbiota composition of diverticulitis patients with 

the composition of control subjects.



13

General introduction and outline of the thesis

1. West AB, Losada M. The pathology of 

diverticulosis coli. J Clin Gastroenterol 

2004;38(Suppl):S11-S16.

2. 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.

3. Wasvary H, Turfah F, Kadro O, 

Beauregard W. Same hospitalization 

resection for acute diverticulitis. Am 

Surg 1999;65(7):632-5.

4. Kaiser AM, Jiang JK, Lake JP, Ault G, 

Artinyan A, Gonzalez-Ruiz C, Essani 

R, Beart RW Jr. The management of 

complicated diverticulitis and the 

role of computed tomography. Am J 

Gastroenterol 2005;100(4):910-7.

5. Ferzoco LB, Raptopoulos V, Silen W. 

Acute diverticulitis. N Engl J Med 

1998;338(21):1521-6.

6. Tursi A. Acute diverticulitis of the 

colon--current medical therapeutic 

management. Expert Opin 

Pharmacother 2004;5(1):55-9.

7. Parks TG. Natural history of 

diverticular disease of the colon. 

A review of 521 cases. Br Med J 

1969;4(5684):639-42.

8. Haglund U, Hellberg R, Johnsén C, 

Hultén L. Complicated diverticular 

disease of the sigmoid colon. An 

analysis of short and long term 

outcome in 392 patients. Ann Chir 

Gynaecol 1979;68(2):41-6.

9. Schoetz DJ Jr. Diverticular disease of 

the colon: a century-old problem. Dis 

Colon Rectum 1999;42(6):703-9.

10. Sarin S, Boulos PB. Long-term 

outcome of patients presenting with 

acute complications of diverticular 

disease. Ann R Coll Surg Engl 

1994;76(2):117-20.

11. Sandler RS, Everhart JE, Donowitz 

M, Adams E, Cronin K, Goodman C, 

Gemmen E, Shah S, Avdic A, Rubin 

R. The burden of selected digestive 

diseases in the United States. 

Gastroenterology 2002;122(5):1500-11.

12. Etzioni DA, Mack TM, Beart RW Jr, 

Kaiser AM. Diverticulitis in the United 

States: 1998-2005: changing patterns 

of disease and treatment. Ann Surg 

2009;249(2):210-7.

13. Kozak LJ, DeFrances CJ, Hall MJ. 

National hospital discharge survey: 

2004 annual summary with detailed 

diagnosis and procedure data. Vital 

Health Stat 13 2006;162:1-209.

14. KiwaPrismant. Available at: http://

cognosserver.prismant.nl/cognos7/

cgi-bin/ppdscgi.cgi?DC=Q&E=/Prisma-

Landelijke-LMR/Landelijke+LMR-

informatie+-+Diagnosen.

15. Painter NS, Burkitt DP. Diverticular 

disease of the colon: a deficiency 

disease of Western civilization. Br Med 

J 1971;2(5759):450-4.

16. Crowe FL, Appleby PN, Allen NE, 

Key TJ. Diet and risk of diverticular 

disease in Oxford cohort of European 

Prospective Investigation into Cancer 

and Nutrition (EPIC): prospective 

study of British vegetarians and non-

vegetarians. BMJ 2011;343:d4131.

17. Peery AF, Barrett PR, Park D, Rogers 

AJ, Galanko JA, Martin CF, Sandler RS. 

A high-fiber diet does not protect 

against asymptomatic diverticulosis. 

Gastroenterology 2012;142(2):266-72.

REFERENCES



14

General introduction and outline of the thesis

18. Von Rahden BH, Germer CT. 

Pathogenesis of colonic diverticular 

disease. Langenbecks Arch Surg 

2012;397(7):1025-33.

19. Floch MH. A hypothesis: is 

diverticulitis a type of inflammatory 

bowel disease? J Clin Gastroenterol 

2006;40(suppl3):S121–5.

20. Strate LL, Modi R, Cohen E, Spiegel 

BM. Diverticular disease as a chronic 

illness: evolving epidemiologic and 

clinical insights. Am J Gastroenterol 

2012;107(10):1486-93.

21. Clarridge JE 3rd. Impact of 16S 

rRNA gene sequence analysis for 

identification of bacteria on clinical 

microbiology and infectious diseases. 

Clin Microbiol Rev 2004;17(4):840-62.

22. Guarner F, Malagelada JR. Gut 

flora in health and disease. Lancet 

2003;361(9356):512-9.

23. Stappenbeck TS, Hooper LV, Gordon JI. 

Developmental regulation of intestinal 

angiogenesis by indigenous microbes 

via Paneth cells. Proc Natl Acad Sci 

USA 2002;99(24):15451–5.

24. Sokol H, Pigneur B, Watterlot L, Lakhdari 

O, Bermúdez-Humarán LG, Gratadoux 

JJ, Blugeon S, Bridonneau C, Furet 

JP, Corthier G, Grangette C, Vasquez 

N, Pochart P, Trugnan G, Thomas 

G, Blottière HM, Doré J, Marteau P, 

Seksik P, Langella P. Faecalibacterium 

prausnitzii is an anti-inflammatory 

commensal bacterium identified by 

gut microbiota analysis of Crohn 

disease patients. Proc Natl Acad Sci 

USA 2008;105(43):16731-6.

25. Swidsinski A, Loening-Baucke V, 

Vaneechoutte M, Doerffel Y. Active 

Crohn’s disease and ulcerative colitis 

can be specifically diagnosed and 

monitored based on the biostructure 

of the fecal flora. Inflamm Bowel Dis 

2008;14(2):147-61.

26. Ricciardi R, Baxter NN, Read TE, 

Marcello PW, Hall J, Roberts PL. Is 

the decline in the surgical treatment 

for diverticulitis associated with an 

increase in complicated diverticulitis? 

Dis Colon Rectum 2009;52(9):1558-63.

27. Dharmarajan S, Hunt SR, Birnbaum EH, 

Fleshman JW, Mutch MG. The efficacy 

of nonoperative management of acute 

complicated diverticulitis. Dis Colon 

Rectum 2011;54(6):663-71.

28. Hjern F, Josephson T, Altman D, 

Holmström B, Johansson C. Outcome 

of younger patients with acute 

diverticulitis. Br J Surg 2008;95(6):758-

64.

29. Shaikh S, Krukowski ZH. Outcome of 

a conservative policy for managing 

acute sigmoid diverticulitis. Br J Surg 

2007;94(7):876-9.

30. Van de Linde MJ, Wikkeling M, Driessen 

WM, Croiset van Uchelen FA, Roumen 

RM. Is er een rol voor antibiotica bij de 

conservatieve behandeling van acute 

diverticulitis coli? Ned Tijdschr Heelk 

1996;5:194-7.

31. De Korte N, Klarenbeek BR, 

Kuyvenhoven JP, Roumen RM, Cuesta 

MA, Stockmann HB. Management 

of diverticulitis: results of a survey 

among gastroenterologists 

and surgeons. Colorectal Dis 

2011;13(12):e411-7.



15

General introduction and outline of the thesis

32. Munikrishnan V, Helmy A, Elkhider 

H, Omer AA. Management of acute 

diverticulitis in the East Anglian 

region: results of a United Kingdom 

regional survey. Dis Colon Rectum 

2006;49(6):1332-40.

33. Hjern F, Josephson T, Altman D, 

Holmström B, Mellgren A, Pollack J, 

Johansson C. Conservative treatment 

of acute colonic diverticulitis: are 

antibiotics always mandatory? Scand 

J Gastroenterol 2007;42(1):41-7.

34. De Korte N, Kuyvenhoven JP, van 

der Peet DL, Felt-Bersma RJ, Cuesta 

MA, Stockmann HB. Mild colonic 

diverticulitis can be treated without 

antibiotics. A case-control study. 

Colorectal Dis 2012;14(3):325-30. 

35. Stollman NH, Raskin JB. Diagnosis 

and management of diverticular 

disease of the colon in adults. Ad Hoc 

Practice Parameters Committee of the 

American College of Gastroenterology. 

Am J Gastroenterol 1999;94(11):3110-21.

36. Rafferty J, Shellito P, Hyman NH, Buie 

WD. Standards Committee of the 

American Society of Colon and Rectal 

Surgeons. Practice parameters for 

sigmoid diverticulitis. Dis Colon 

Rectum 2006;49(7):939-44.

37. 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.

38. Patient Care Committee of the 

Society for Surgery of the Alimentary 

Tract (SSAT). Surgical treatment of 

diverticulitis. J Gastrointestinal Surg 

1999;3(2):212-3.

39. Jacobs DO. Clinical practice. 

Diverticulitis. N Engl J Med 

2007;357(20):2057-66.

40. World Gastroenterology Organisation 

Practice Guidelines: Diverticular 

Disease. Available at: http://www.

worldgastroenterology.org/assets/

downloads/en/pdf/guidelines/07_

diverticular_disease.pdf.

41. The evolving threat of antimicrobial 

resistance: Options for action. Geneva, 

Switzerland: World Health Organization, 

2012. Available at: http://whqlibdoc.who.

int/publications/2012/9789241503181_

eng.pdf?ua=1. Accessed October 7, 

2013.

42. Andersen JC, Bundgaard L, Elbrønd 

H, Laurberg S, Walker LR, Støvring J; 

Danish Surgical Society. Danish national 

guidelines for treatment of diverticular 

disease. Dan Med J 2012;59(5):C4453.

43. SSAT patient care guidelines: surgical 

treatment of diverticulitis. Available at: 

http://www.ssat.com/cgi-bin/divert.cgi. 

Accessed July 14, 2013.

44. Fozard JB, Armitage NC, Schofield 

JB, Jones OM; Association of 

Coloproctology of Great Britain and 

Ireland. ACPGBI position statement 

on elective resection for diverticulitis. 

Colorectal Dis 2011;13(Suppl 3):1-11.

45. Biondo S, Lopez Borao J, Millan M, 

Kreisler E, Jaurrieta E. Current status 

of the treatment of acute colonic 

diverticulitis: a systematic review. 

Colorectal Dis 2012;14(1):e1-11.

46. Boulos PB, Karamanolis DG, Salmon PR, 

Clark CG. Is colonoscopy necessary 

in diverticular disease? Lancet 

1984;1(8368):95-6.



16

General introduction and outline of the thesis

47. Laméris W, van Randen A, Bipat S, 

Bossuyt PM, Boermeester MA, Stoker J. 

Graded compression ultrasonography 

and computed tomography in 

acute colonic diverticulitis: meta-

analysis of test accuracy. Eur Radiol 

2008;18(11):2498-511.

48. Van Randen A, Laméris W, van Es HW, 

van Heesewijk HP, van Ramshorst B, Ten 

Hove W, Bouma WH, van Leeuwen MS, 

van Keulen EM, Bossuyt PM, Stoker J, 

Boermeester MA; OPTIMA Study Group. 

A comparison of the accuracy of 

ultrasound and computed tomography 

in common diagnoses causing 

acute abdominal pain. Eur Radiol 

2011;21(7):1535-45.

49. The Dutch guidelines on diverticulitis. 

Available at: http://www.heelkunde.

nl/uploads/mu/22/mu22HtlbEpr-

SLLyAdT5nQ/NVvH-richtlijn-Acute-

diverticulitis-van-het-colon-2012.pdf.

50. Sai VF, Velayos F, Neuhaus J, 

Westphalen AC. Colonoscopy after CT 

diagnosis of diverticulitis to exclude 

colon cancer: a systematic literature 

review. Radiology 2012;263(2):383-90.

51. Wong WD, Wexner SD, Lowry A, Vernava 

A 3rd, Burnstein M, Denstman F, Fazio 

V, Kerner B, Moore R, Oliver G, Peters 

W, Ross T, Senatore P, Simmang C. 

Practice parameters for the treatment 

of sigmoid diverticulitis--supporting 

documentation. The Standards Task 

Force. The American Society of 

Colon and Rectal Surgeons. Dis Colon 

Rectum 2000;43(3):290-7.

52. Chautems RC, Ambrosetti P, Ludwig 

A, Mermillod B, Morel P, Soravia C. 

Long term follow-up after first acute 

episode of sigmoid diverticulitis: is 

surgery mandatory?: a prospective 

study of 118 patients. Dis Colon 

Rectum 2002;45(7):962-6. 

53. Peppas G, Bliziotis LA, Oikonomaki D, 

Falagas ME. Outcomes after medical 

and surgical treatment of diverticulitis: 

a systematic review of the available 

evidence. J Gastroenterol Hepatol 

2007;22(9):1360-8.

54. Anaya DA, Flum DR. Risk of emergency 

colectomy and colostomy in patients 

with diverticular disease. Arch Surg 

2005;140(7):681-5.

55. Moreno AM, Wille-Jørgensen P. Long-

term outcome in 445 patients after 

diagnosis of diverticular disease. 

Colorectal Dis 2007;9(5):464-8.

56. Broderick-Villa G, Burchette RJ, Collins 

JC, Abbas MA, Haigh PI. Hospitalization 

for acute diverticulitis does not 

mandate routine elective colectomy. 

Arch Surg 2005;140(6):576-81.

57. Salem L, Veenstra DL, Sullivan SD, Flum 

DR. The timing of elective colectomy 

in diverticulitis: a decision analysis. J 

Am Coll Surg 2004;199(6):904-12.


