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Abstract 

Diverticulosis of the colon is a common condition, affecting more than 70% of 70-80-year-

olds. However, only a small proportion will go on to develop acute diverticulitis (AD). The 

reason why certain individuals with diverticulosis develop complications while the majority 

remain asymptomatic is unclear.  

It is hypothesised that the microbiome of the colon plays an important role in the aetiology of 

AD. This thesis aims to evaluate this theory, as well as review the published literature in 

special scenarios of diverticular disease sometimes encountered in clinical practise. 

Chapter one provides an overview of what is already known about the human microbiome - 

the natural history, evaluation, and current understanding of its role in human health and 

disease.  

The ideal specimen for assessing the colonic microbiome has yet to be established, therefore 

chapter two reports a feasibility study validating rectal swabs compared to stool specimens 

undergoing 16S rRNA gene sequencing. 

Having introduced important concepts in study of the microbiome, chapter three will focus on 

the colonic microbiome in acute diverticulitis, aiming to establish whether microbiome 

profiles from individuals with AD correlate with clinical presentation, specifically focussing 

on complicated, or recurrent episodes of AD. 

Acute diverticulitis most commonly affects older patients, therefore contemporary clinical 

practise guidelines for the management of AD are predominantly based on evidence derived 

from AD affecting the sigmoid colon in older patients – the typical presentation of AD seen 

in Western countries. However, AD can affect any location of the colon, at any age. Whether 

such “atypical” presentations represent the same entity has been debated, with implications 

for clinical management. 

Chapter four will therefore review aspects of diverticular disease of the right-sided colon and 

its clinical management. The prevalence of right-sided diverticulosis in a New Zealand 

population has not previously been reported, this will be defined in chapter five. 

Finally, the incidence of AD in patients under 50-years old has been increasing in recent 

years. Chapter six describes the changing epidemiology, attempts to explain the increasing 
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incidence, and discusses aspects of clinical management that may differ in the younger cohort 

affected by AD. 

 

 

 

 

Acknowledgements 
 

This body of research would not have been possible without the help of many individuals. 

First and foremost, to my supervisors, Dr Rachel Purcell and Professor Frank Frizelle. Your 

inspiration for projects, patience and guidance through the academic process was 

instrumental. I would also like to highlight the mentorship and wisdom Professor Frizelle has 

imparted throughout my entire surgical training, as far back as my first registrar attachment. 

His tutelage and enthusiasm played a large role in sculpting my interest in colorectal surgery 

and career to date. 

Collaboration with Dr Michael O’Grady was a highlight of this research project. Without this 

teamwork for recruitment and sharing of knowledge, the microbiome project would not have 

been possible. I also extend my thanks to Dr Sajith Senadeera for his help in reviewing the 

many CT scans required for chapter five. 

Research would not be possible without funding. Michael O’Grady and I were joint recipients 

of the 2020 Richard Stewart Scholarship administered by the Dunedin Basic Medical 

Sciences Trust. We sincerely thank the trust for this funding which facilitated the microbiome 

analysis. 

Lastly, I must acknowledge the tireless support of my wife, Charlotte, and daughters Amelia 

and Madeleine. The endeavour of surgical training is a long and arduous one, and your 

unwavering support, and the sacrifices you have made to help me get to where I am today 

will not be forgotten. 

 

 

 



III 
 

Publications and Presentations arising from this Thesis 
 

Turner GA, O'Grady MJ, Purcell RV, Frizelle FA. The Epidemiology and Etiology of Right-

Sided Colonic Diverticulosis: A Review. Annals of Coloproctology. 2021; 37(4):196-203.  

Turner GA, O'Grady MJ, Senadeera SC, Wakeman CJ, McCombie A, Purcell RV, Frizelle 

FA. The prevalence of right-sided colonic diverticulosis in a New Zealand population. ANZ J 

Surg. 2021; 91(10):2110-14.  

Turner GA, O'Grady MJ, Senadeera SC, Wakeman CJ, McCombie A, Purcell RV, Frizelle 

FA. The prevalence of right-sided colonic diverticulosis in a New Zealand population. Poster 

presentation. Royal Australasian College of Surgeons Annual Scientific Congress. 

Melbourne, 10-14 May 2021. 

Turner GA, O'Grady MJ, Purcell RV, Frizelle FA. Acute Diverticulitis in Young Patients: A 

Review of the Changing Epidemiology and Etiology. Dig Dis Sci. 2021; Epub ahead of print. 

doi: 10.1007/s10620-021-06956-w. 

 

 

 

 

 

 

 

 

 

 

 

 

 



IV 
 

Table of Contents 
Abstract ........................................................................................................................................ I 

Acknowledgements...................................................................................................................... II 

Publications and Presentations arising from this Thesis ................................................................ III 

List of Tables ............................................................................................................................... VI 

List of Figures ............................................................................................................................. VII 

Abbreviations ............................................................................................................................. IX 

Chapter One:  An Overview of the Microbiome in Human Health and Disease ............................... 1 

Introduction ........................................................................................................................................ 1 

Important concepts in bacterial ecology and the evolution of the gastrointestinal microbiome in 

humans................................................................................................................................................ 2 

Techniques of evaluating the Microbiome ......................................................................................... 3 

The composition and evolution of the intestinal microbiome in humans ......................................... 5 

Role and functions of the microbiome within the gastrointestinal tract ........................................... 9 

Examples of conditions where the intestinal microbiome has an established association ............. 13 

Lifestyle and environmental influences on the intestinal microbiome ............................................ 17 

Conclusion ......................................................................................................................................... 19 

Chapter Two: Rectal Swabs are a Reliable Method of Assessing the Colonic Microbiome ............. 20 

Introduction ...................................................................................................................................... 20 

Methods ............................................................................................................................................ 21 

Results ............................................................................................................................................... 23 

Discussion.......................................................................................................................................... 32 

Conclusion ......................................................................................................................................... 34 

Chapter Three: The Intestinal Microbiome and its role in the Pathogenesis of Acute Diverticulitis 35 

Introduction ...................................................................................................................................... 35 

Methods ............................................................................................................................................ 36 

Microbiome evaluation ................................................................................................................. 37 

Results ............................................................................................................................................... 38 

Uncomplicated versus Complicated Acute Diverticulitis .............................................................. 39 

Microbiome results ....................................................................................................................... 41 

Primary versus Recurrent Acute Diverticulitis .............................................................................. 46 

Discussion.......................................................................................................................................... 50 

Chapter Four: Diverticular Disease of the Right Colon – A Review of the Clinical Presentation, 

Pathophysiology and Management Compared to Left-Sided Disease ........................................... 56 

Introduction ...................................................................................................................................... 56 

Epidemiology of right-colonic diverticulosis ..................................................................................... 57 



V 
 

Pathophysiology and risk factors for right-colonic diverticulosis ..................................................... 62 

Clinical manifestations of right-colonic diverticular disease ............................................................ 68 

Imaging and its role in diagnosis of right-sided acute diverticulitis ................................................. 70 

Management of right-sided acute diverticulitis ............................................................................... 72 

The role of colonic evaluation following resolution of right-sided acute diverticulitis .................... 77 

Risk of recurrent episodes following right-sided acute diverticulitis ............................................... 79 

Diverticular bleeding ......................................................................................................................... 80 

Summary and conclusions ................................................................................................................ 83 

Chapter Five: The Prevalence of Right-sided Colonic Diverticulosis in a New Zealand Population .. 84 

Introduction ...................................................................................................................................... 84 

Methods ............................................................................................................................................ 85 

Results ............................................................................................................................................... 86 

Discussion.......................................................................................................................................... 89 

Chapter Six: Diverticular Disease in young patients – is it a distinct disease process? ................... 92 

Introduction ...................................................................................................................................... 92 

The incidence of diverticular disease in young patients is increasing .............................................. 92 

Potential explanations for the rising incidence of acute diverticulitis in young patients................. 96 

The clinical course of acute diverticulitis does not appear to significantly differ in young patients 99 

Early management of an episode of acute diverticulitis is no different ......................................... 100 

Role of routine colonic evaluation following an episode of acute diverticulitis ............................. 100 

The risk of recurrent acute diverticulitis is slightly higher in young patients, but recurrent episodes 

are not more severe ........................................................................................................................ 101 

Surgical management of diverticular disease in the young ............................................................ 105 

Summary and conclusions .............................................................................................................. 107 

References ............................................................................................................................... 108 

Appendix One: Participant Information and Consent form used for Chapter Two ....................... 140 

Appendix Two: Participant Information and Consent form used for Chapter Three .................... 145 

 

  



VI 
 

List of Tables 

Table 1.1. Specific host-microbial relationships in colorectal cancer……………..……...….16 

Table 3.1. Baseline patient characteristics compared by disease classification……...............40 

Table 3.2. Clinical outcomes compared by disease classification……………………….…..41 

Table 3.3. Baseline patient characteristics grouped by whether the 

current admission was a first, or recurrent episode of AD…………….…………………….47 

Table 3.4. Clinical outcomes compared by whether the current admission  

was for a first versus recurrent episode……………………….………………………..…….48 

Table 4.1. Studies reporting population prevalence of right-sided diverticulosis……..……..58 

Table 4.2. Prevalence of right-sided diverticulosis expressed as a proportion 

 of cases who had any diverticulosis identified………………………………………………61 

Table 4.3. Final diagnoses from 8814 consecutive patients presenting  

with right lower quadrant pain to a single centre in South Korea……………………...…….69 

Table 4.4. Diagnostic performance of US and CT for diagnosing right-colonic  

diverticulitis in 183 patients with right lower quadrant pain, of whom 73 had 

diverticulitis……………………………………………………………………………….….72 

Table 4.5. Studies reporting the rate of recurrence following an episode  

of right-sided acute diverticulitis……………………………………………………….….…79 

Table 5.1. Baseline characteristics of 969 patients included in the study……………..……..87 

Table 5.2. Prevalence of colonic diverticulosis by anatomic distribution  

stratified by age………………………………………………………………………………88 

Table 5.3. Prevalence of right-sided colonic diverticulosis by ethnicity……………...……..88 

Table 5.4. Final diagnosis described by the CT KUB imaging report………………...……..89 



VII 
 

List of Figures 

Figure 1.1. Bacterial taxonomic ranking system, using  

Escherichia coli as an example……………...………………………………………………...2 

Figure 1.2. Distribution of bacterial genera throughout the GI tract…………………..………8 

Figure 1.3. Role and functions of the microbiome in the normal gastrointestinal tract……...12 

Figure 1.4. Complex interactions of Colorectal cancer pathogenesis and  

identified alterations in the intestinal microbiome………………………...…………………17 

Figure 2.1. Rarefaction curve stratified by sample type………………………………...……24 

Figure 2.2. Comparison of Observed and Shannon alpha diversity based on sample type…..25 

Figure 2.3. A. Bray-Curtis distance analysis of beta-diversity emphasizes  

ordination by sample type. B. UniFrac distance……………………………………………..26 

Figure 2.4. Bar plot (class level) showing relative abundance of taxa in each sample………28 

Figure 2.5. Taxa with differential abundance based on sample type  

(clinician-taken swab, self-taken swab or stool)………………………………………..……30 

Figure 2.6. Relative abundances of phyla compared by sample type………………………..31 

Figure 2.7. Bar Chart demonstrating Log2 Fold change observed in genera  

when comparing Clinician or Self-collected swab to stool…………………………………..32 

Figure 3.1. Distribution of read counts among samples……...………...…………………….38 

Figure 3.2. Flowchart of recruitment for the study…………………………….……....…….39 

Figure 3.3. Relative abundance of phyla between groups, expressed as a percentage  

of total taxonomic composition for each individual included in the study………....……..…41 

Figure 3.4. Observed (A) and Shannon (B) alpha diversity,  

comparing uncomplicated AD, complicated AD and the control group………….………….42 

 



VIII 
 

Figure 3.5. Scree plot showing proportion of total variance explained by  

each principal component…………………………………………………...…………….….43 

Figure 3.6. Principal component analysis using PC1 and PC2………………………..……..44

  



IX 
 

Abbreviations

AD 

ASA 

ASV 

BMI 

CD  

CFU 

CRC 

CRP 

CT 

DNA 

EEN 

FDR 

GI 

IBD 

IgA 

IL 

LCD 

MBP 

MPD 

MRI 

NMDS 

OR 

OTU 

Acute Diverticulitis 

American association of Anaesthesiologists 

Amplicon sequence variants 

Body mass index 

Crohn’s disease 

Colony forming units 

Colorectal cancer 

C-reactive protein 

Computed tomography 

Deoxyribonucleic acid 

Exclusive enteral nutrition 

False discovery rate 

Gastrointestinal 

Inflammatory bowel disease 

Immunoglobulin A 

Interleukin 

Left-sided colonic diverticulosis 

Mechanical bowel preparation 

Modern paleolithic diet 

Magnetic resonance imaging 

Non-metric multidimensional scaling 

Odds ratio 

Operational taxonomic unit 



X 
 

 

PC 

PCoA 

PCR 

RCD 

RCT 

rRNA 

SCFA 

SNP 

SUDD 

TCR 

TLR 

UC 

US 

WCC 

 

 

 

 

Principal component 

Principal component analysis 

Polymerase chain reaction 

Right-sided colonic diverticulosis 

Randomised controlled trial 

Ribosomal Ribonucleic acid 

Short chain fatty acid 

Single nucleotide polymorphism 

Symptomatic uncomplicated diverticular disease 

T-cell receptor 

Toll-like receptor 

Ulcerative colitis 

Ultrasound 

White cell count 

 

 

 

 



1 
 

Chapter One:  An Overview of the Microbiome in 

Human Health and Disease 
 

Introduction 

The microbiome can be defined as “all of the microbial consortia (both commensal and 

pathogenic bacteria, viruses and fungi), their genes, their gene products, their community 

structure (distribution and diversity), and the particulars of the environment in which they 

reside”.1 Scientific interest and understanding of the role of the gastrointestinal microbiome 

in human health and disease is a rapidly expanding field. Advances in techniques to identify 

microorganisms, such as 16S rRNA gene sequencing has resulted in the identification of new 

species of bacteria far beyond what is achievable utilising traditional culture methods.2 

The number of bacteria residing within the human gastrointestinal (GI) tract is estimated to 

be in the trillions.3-6 The relationship between host and microbe is typically one of symbiosis. 

The bacteria benefit from the supply of nutrients and the milieu generated in different 

locations of the GI tract, while the host utilises by-products generated by bacterial metabolic 

processes such as short chain fatty acids and vitamins, as well as a balanced state of 

immunogenicity, which is crucial for maintaining normal epithelial barrier function. 

However, as understanding of the microbiome in health has evolved, so too has its role in 

disease. Alterations in the composition of the microbiome, or variation in the host reaction to 

this has been recognised to play a role in several disease states. The concept of “dysbiosis” 

refers to a microbiome composition associated with a state of disease that can be 

differentiated from the microbiome composition associated with health.7 With greater 

knowledge, there has been a move from understanding microbial pathogenicity as being due 

to a single organism, to consideration of the microbial community as a whole.8 

The aim of this chapter is to provide an understanding of the evolution of the normal gut 

microbiome and how lifestyle factors may influence this, briefly describe contemporary 

methods of microbiome analysis, and explore several disease processes where the 

microbiome has an established role in pathogenesis. 
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Important concepts in bacterial ecology and the evolution of the 

gastrointestinal microbiome in humans 
 

Taxonomic ranking 

Scientific classification of living organisms has been attempted since at least the 18th century. 

Various iterations have evolved over the centuries as our understanding of biology has 

improved; the most recent consensus update was published in 2015.9 Biological taxonomy 

aims to simplify and categorise life into organised groups (taxa) that contain members who 

share important properties.  

Bacteria are a large domain within the Prokaryote kingdom. Figure 1.1 demonstrates 

taxonomic ranking using Escherichia coli as an example. 

 

Figure 1.1. Bacterial taxonomic ranking system, using Escherichia coli as an example 

 

 

• BacteriaDomain

• ProteobacteriaPhylum

• GammaproteobacteriaClass

• EnterobacterialesOrder

• EnterobacteriaceaeFamily

• EscherichiaGenus

• E. coliSpecies
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Techniques of evaluating the Microbiome 
The number of microbial species on planet earth has previously been estimated to be as high 

as 1012, however more recent estimates are considerably more conservative, predicting the 

number of unique species to be more likely in the order of 105.10,11 

Successful identification and taxonomy of bacterial species remains the limiting factor in 

evaluating the microbiome. Historically, the study of microorganisms was limited to those 

cultivable in vitro. With advances in DNA technology, identification of previously unknown 

and uncategorised organisms has progressed rapidly in the past two decades.12  

 

Culture 

Bacteria were first described in 1673, following the invention of the microscope.13 The 

discovery of culture media facilitated major developments in microbiology in the nineteenth 

century. Bacterial culture was the first method developed to enable growth of bacterial 

colonies to allow isolation and analysis of bacteria in the lab.14 Louis Pasteur was the first to 

have cultured bacteria in a reproducible manner back in 1860.13 Modern culture media aim to 

replicate optimal native environments of bacteria, providing the required nutrients, growth 

factors and atmospheric conditions to promote bacterial replication. There is also the ability 

to assess function such as microbial sensitivity to inhibitory substances such as antibiotics.15 

However, despite the above estimates of the existence of greater than 105 species, only 

thousands have been isolatable using culture techniques.16 The problem of uncultivability 

limits the use of traditional culture techniques in assessing the complex intestinal 

microbiome. 

  

16S rRNA (ribosomal RNA) gene sequencing 

In the 1980’s, with advances in DNA technology, a new technique was developed where 

phylogenetic relationships of bacteria could be determined by sequencing and comparing a 

stable part of the genetic code.17 Potential candidates for a stable part of the genome include 

the genes coding for 5S, 16S or 23S rRNA and the spaces between these genes.18 16S rRNA 

refers to the gene coding for a component of the small subunit of ribosomal RNA in 

prokaryotes and is universally present across bacteria. The products of this gene are critical to 

normal cellular function, in contrast to those coding for enzymes in which mutations are 

usually tolerated by cellular processes following alternative pathways. The critical 
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importance of this gene to cellular function is presumed to be the explanation for why it is so 

highly conserved. 

The 16S rRNA gene sequence is approximately 1550 base pairs long and is composed of 

regions which remain unchanged between species with interspersed regions of great 

variation. Sequences obtained can then be compared against publicly maintained databases, 

such as the Human Microbiome Project,19 or Greengenes.20 

The sequences obtained can be clustered into groups of genetic similarity, known as 

operational taxonomic units (OTU). These groups are based purely on genetic similarity to an 

arbitrary level (usually 97% similarity) and may or may not equate to taxonomic entities (e.g. 

– genus, species).21 

Once OTUs have been organised, the breadth and relative abundance of the involved 

phyla/genera can be assessed. The number of species (or “richness”) in a sample is referred to 

as the alpha diversity. There are various statistical models for calculating alpha diversity, the 

most frequently used are the Shannon diversity index and Simpson index.22 

Beta diversity refers to differences in the composition of organisms between samples 

(whether they be from different sites, the same site in different patients, or two samples from 

the same individual obtained at different time points). There are two main approaches to 

quantifying beta diversity. They differ by considering the evolutionary differences between 

bacterial communities (phylogenetic beta diversity), and those that do not (taxon-based 

methods). With the former, differences in abundances of closely related species are given 

lower weightings, with the assumption that closely related species have similar genetic 

capabilities, an example of this model is UniFrac.23 Of the taxon-based approaches, one of 

the most popular is the Bray-Curtis dissimilarity.24 This model is useful in the presence of 

zero-abundances in a count table (i.e. where some bacterial taxa are present in some, but not 

all specimens). QIIME and Mothur are bioinformatics pipelines capable of calculating many 

beta diversity metrics.25,26 

Once dissimilarities (also referred to as distances) between samples (i.e., variations in the 

composition of taxa) have been established they can be ordinated in graphical form to better 

appreciate how closely related the samples are. The two most used ordination techniques in 

microbiome analysis are non-metric multidimensional scaling (NMDS) and principal 

coordinate analyses (PCoA). In NMDS the graphical position of samples is representative of 
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the rank-order of inter-sample distances. In contrast, in PCoA the ordination matches the 

inter-sample distances.27 

 

 

The composition and evolution of the intestinal microbiome in 

humans 
 

Observed microbiome changes through different stages of life and development 

At birth, the infant GI tract is believed to be sterile, although a placental microbiome has been 

described.28 Within hours of delivery the GI tract is colonised by maternal flora, the nature of 

which is determined by the mode of delivery.29 In early infancy the microbiome is 

characterised by relatively low levels of total bacteria. The flora is dominated by 

Bifidobacteria, with the subsequent addition of Lactobacilli.30 The composition early in life is 

influenced by whether the infant is exclusively breastfed or receives formula, with 

breastfeeding acting to enhance Bifidobacteria dominance.31,32  

Mariat et al describe similar findings in their study comparing faecal microbiota from three 

age groups: infants, adults, and the elderly.33 Quantification of samples from infants found 

the total bacterial counts to be almost 10-fold lower than adults and seniors. Bifidobacteria 

were the dominant group. Two-thirds of infants studied were breastfed and the remainder 

formula fed, yet Bifidobacteria dominance was identified in all subjects, leading the authors 

to conclude a high level of Bifidobacteria to be a universal signature of early life rather than 

strictly breastfeeding induced. Interestingly, they also describe infants to harbour E. coli at a 

level considered to be a dominant group (109 CFU/g), which contrasts with that observed in 

adults. 

The ratio of the phyla Firmicutes to Bacteroidetes is regarded to be of particular relevance in 

human gut microbiota composition,33,34 Mariat et al found this ratio to increase from birth to 

adulthood, with subsequent reduction in the elderly.33 

Yatsunenko et al aimed to characterise the composition of faecal samples across different 

ages in 531 inhabitants of three geographically separate locations (Venezuela, rural Malawi, 

and metropolitan USA).35 They found features of microbiome maturation that were evident in 

the first three years of life common to all three locations. Using metagenomic shotgun 
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sequencing they found relatively low abundance of genes involved in Vitamin B12 synthesis 

in infantile microbiota, which correlated with lower representation of the phyla Bacteroidetes, 

Firmicutes as well as Archaea in this demographic. They report that in the 0-3-year age group 

Bifidobacterium, Streptococcus, Lactococcus and Lactobacillus dominated the gut 

microbiome. The authors refer to a traditionally held view that it is changes in the abundance 

of Bifidobacteria that characterise early gut development. Although the quantitative 

representation of Bifidobacteria contribute to the above biosynthetic effect for Vitamin B12, 

even when Bifidobacteria are excluded, detectable differences in vitamin metabolism remain 

among the other bacteria resident. Similarly, vitamins B7 (biotin) and B1 (thiamine) enzyme 

pathways were significantly lower in infantile microbiota compared to adults. 

While mode of delivery (vaginal versus Caesarean section) affects the initial microbial 

colonisation, whether it influences the ultimate microbiome composition in adulthood 

remains the subject of debate.36,37 

Further microbiome changes are seen in old age. A reduction in diversity and abundance of 

many commensal anaerobes such as Bacteroides and Bifidobacteria, with resulting changes 

in dominant species. An increase in the counts of E. coli is also seen compared to younger 

adults. Changes in digestive physiology (e.g., transit time and exocrine secretion production) 

may explain observed microbiome alterations.33 

 

Composition of the intestinal microbiome in adults 

The human microbiome is an expansive ecosystem of enormous diversity, the bulk of which 

lies within the GI tract. In comparison to the estimated 40 trillion human cells and 

approximately 22,000 genes in the human body, the microbiome is predicted to contain up to 

100 trillion bacterial cells with nearly 2 million genes.19,38 

The adult intestinal microbiome is comprised of between 500-1000 different species although 

some authors estimate there may be up to 5000 unique species.30,39 Despite such rich 

diversity at the species level, molecular techniques have demonstrated >95% of gut 

microbiota to be from the phyla Bacteroidetes and Firmicutes.12 

The composition an individual’s microbiome appears to be relatively stable over adult life.40 

Faith et al used a method of 16S rRNA gene sequencing to evaluate the stability of the faecal 

microbiome of 37 healthy individuals over a five year period, including experimentation with 
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a prescribed diet.41 They did observe small changes in composition over time, with more 

bacterial strains shared between specimens taken at closer time intervals. However, the key 

finding from this study was that the overall microbiome composition demonstrated 

remarkable stability, with over 70% of strains remaining constant over a one-year time 

difference, and very few additional changes occurring when the time interval was extended to 

five years. They concluded that while there may be significant differences in composition 

occurring over short time scales, a stable core set of bacterial strains persists with little 

variation over the long term. They also noted that the more stable components of the 

microbiota were also the most abundant members. 

Falony et al attempted to define the “normal” microbiome in a healthy population using the 

data collated in five independent studies with cohorts totalling nearly 4000 individuals from 

the US, UK, and Europe.37 Microbiome phylogenetic profiling was performed using 16S 

rRNA gene sequencing of faecal samples. Combined, the datasets comprised of 664 genera. 

They found a “core microbiome” composed of 17 genera which were shared by >95% of 

individuals. The interindividual variation in microbiome composition mainly resulted from 

changes in the relative abundance of core taxa at the genus level. The taxa demonstrating 

greatest variation in abundance were the genera Ruminococcaceae, Bacteroides and 

Prevotella. 

However, microbiome variation was not only defined by variation in the core/dominant 

members above, but less abundant genera such as Akkermansia and Methanobrevibacter were 

also found to be discriminative. 

 

Variation throughout the Gastrointestinal tract 

The ecological milieu is not uniform through the GI tract due to variation in factors such as 

luminal pH, digestive enzymes, oxygen availability and bile acids, as well as the reduced 

dietary residue as contents move distally. This is reflected in variation in both the 

composition and abundance of the microbiome at different levels of the gut.  

The stomach and proximal small bowel are relatively sparsely populated regions, containing 

103-104 CFU/g content, in contrast to the heavily populated colon with 1011-1012 CFU/g 

content.42  Streptococcus, Prevotella and Veillonella are the dominant genera in the distal 

oesophagus, duodenum, and jejunum.43,44 Helicobacter is the genus to dominate the stomach 
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most commonly, however H. pylori imposes major influence on the gastric microbiome 

depending on whether it is of commensal or pathogenic phenotype. When H. pylori inhabits 

as a commensal there is a rich diversity including other genera (e.g., Streptococcus and 

Prevotella) however this diversity is significantly restricted in the presence of the pathogenic 

strain. 

 

Figure 1.2. Distribution of bacterial genera throughout the GI tract. Reproduced with 

permission from Jandhyala et al.45 

 

The lower gut microflora is dominated by facultative and strict anaerobic bacteria including 

Bacteroides, E.coli and Clostridia.46 

Even within the colon, the composition of the microbiome may vary by anatomical location. 

Wang et al sequenced mucosal biopsies taken from different locations within the colon from 

two individuals and found that 43% of OTU’s were only associated with either the proximal 

or distal colon. Microbial diversity and abundance were found to increase the more distal in 

the colon the sample is taken from.47 In contrast, Green et al found biopsies taken at different 

sites of the colon to have very similar adherent bacterial communities in 33 patients 

undergoing colonoscopy, thus concluded the profiles obtained in one region of the colon were 

likely to be representative of the overarching colonic community.48 Interestingly, they found 

little difference in profiles generated between washed and unwashed biopsy specimens, 
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suggesting the microbiota are truly within the mucosa or at least very strongly adherent rather 

than merely luminal bacteria coating the mucosal biopsy specimen. 

The colon provides a range of microenvironments, particularly regarding oxygen gradient. 

Strictly anaerobic microorganisms dominate the luminal content, the dominant genera include 

Bacteroides, Bifidobacterium, Streptococcus, Enterobacteriacae, Enterococcus, Clostridium, 

Lactobacillus and Ruminococcus.  Meanwhile only Clostridium, Lactobacillus, Enterococcus 

and Akkermansia are the predominant mucosa or mucus-associated genera.45 This has been 

demonstrated with differences noted between mucosal versus faecal samples.45,49 

Consumption of oxygen by aerotolerant bacteria (such as Enterobacteriacae) facilitates 

thriving of exquisitely oxygen sensitive groups such as Clostridia.50 

 

 

Role and functions of the microbiome within the gastrointestinal tract 

Rodent studies utilizing hosts born into germ-free conditions have provided useful 

information about the effect the gut microbial community conveys on host physiology.51 The 

relationship between the gut microbiome and the host is one of symbiosis. The bacteria 

derive their nutrients from the hosts dietary intake, and in response impart significant 

metabolic, immunological, and protective mechanisms. Some authors consider the gut 

microbiome as an organ in its own right.45 

Metabolic processes 

The gut microbiome is integral to host digestion and nutrition. Organisms such as 

Bacteroides, Roseburia, Bifidobacterium and Enterobacteriacae can convert substrates which 

are otherwise unusable by the host into vital sources of energy, or essential Vitamins for 

absorption.  

Perhaps the best understood example of this is the role of the microbiome in short chain fatty 

acid (SCFA) formation. Indigestible dietary fibre is converted to SCFA.7 The major SCFA’s 

produced in the human gut are butyrate, propionate, and acetate. Butyrate is the main energy 

source for colonocytes and has other roles in the intestinal epithelium such as inducing 

apoptosis and stimulating gluconeogenesis.52 Propionate has actions on the liver to regulate 

gluconeogenesis and satiety signalling.53 Acetate is the most abundant SCFA and is trophic 

for many other gut bacteria. When absorbed systemically it is used in cholesterol metabolism 
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and lipogenesis, as well as also influencing satiety.54 Organisms from the genus Bacteroides 

are the predominant organisms involved in carbohydrate metabolism, expressing enzymes 

such as glycosyl transferases and glycoside hydrolases. A prominent example among this 

genus is Bacteroides thetaiotaomicron, which codes for over 260 hydrolases within its 

genome.55 

The effect the gut microbiome has on energy metabolism as described above was 

demonstrated in an animal model by Backhed et al.56 They bred mice in a germ-free 

environment and compared them to conventionally raised mice and found that the 

conventionally raised mice contained 42% more body fat, despite consuming 29% less of a 

standardised diet. When the germ-free mice were inoculated with caecal microbiota obtained 

from the conventionally raised mice the previously germ-free mice demonstrated rapid 

weight gain. 16S rRNA gene studies of the microbiota in the animals studied demonstrated 

Bacteroides and Clostridium to be the most prevalent genera, as seen in many humans. 

 

 

Protection from pathogens and regulation of the intestinal immune response 

The presence of microorganisms amongst the intestinal epithelium has effects on both the 

innate and adaptive immune systems.57 The human GI tract is colonised with numerous 

bacterial communities, some of which will be pathogenic. Hence, the principal role of the 

intestinal immune system is to protect the host from invasion by these pathogenic organisms, 

but the mechanisms by which the intestinal immune system discriminates between 

commensal and pathogenic bacteria is incompletely understood. Like the metabolic processes 

described above much of our understanding of the effect of the microbiome on intestinal 

immunity is derived from rodent models. 

Early studies investigating tolerance to commensal bacteria highlighted the importance of 

Toll-like receptors (TLRs). Rakoff-Nahoum et al found that under normal conditions, 

commensal bacteria display antigens which are recognised by TLRs, and this interaction is 

important in maintenance of epithelial homeostasis.58 This hypothesis is supported by a study 

of knockout mice missing a gene coding for TLR5, demonstrating loss of this regulation and 

development of spontaneous colitis in the presence of bacteria within the GI tract.59 
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Immunoglobulin A (IgA) is a secretory antibody found in large quantities in mucosal surfaces 

of the GI tract, and an important part of the innate immune response to pathogens. As well as 

pathogens, IgA binds to a substantial proportion of commensal bacteria. The mechanism of 

how exactly IgA regulates homeostasis is unclear. However, hypotheses relate to both 

bacteria changing the architecture of their antigen binding sites to evade IgA binding or 

augmenting the resulting immune response,60,61 as well as variable specificity of the immune 

reaction on the part of the host.62 

Mice models have demonstrated that colonisation of the GI tract with bacteria results in the 

induction of Th17 cells in the lamina propria.63 These CD4+ T cells produce IL-17 and IL-22 

which are both pro-inflammatory cytokines capable of promoting the production of 

antimicrobial peptides and strengthening of epithelial tight junctions with ensuing mucosal 

inflammation.64 The same group found that the composition of the intestinal microbiota in 

mice influences the balance of both Th17 cells and anti-inflammatory T(reg) cells within the 

lamina propria, thus effecting intestinal immunity, tolerance and predisposition to 

inflammatory bowel conditions.65 While Th17 cells are prominent inducers of inflammation, 

this subset can also protect the intestinal mucosa from the microbiota and pathogens by its 

ability to resist infection, and promotion of IgA secretion.66 IL-22 is also involved in tissue 

regeneration and wound healing.66 

The molecular mechanisms by which gut commensals induce anti-inflammatory T(reg) cells 

is uncertain, but may be related to SCFA, particularly butyrate.67,68 As a by-product of 

bacterial fermentation, abundance of SCFA appear to positively correlate with the number of 

T(reg) cells in the colon, resulting in immunological homeostasis. This hypothesis is 

supported by the development of diversion colitis in bypassed colon where the resident 

microbes are not presented with dietary fibre to metabolise.69 

The recognition of self-antigens is an important step of T-cell development in the thymus, to 

avoid inappropriate activation and autoimmunity. Whether T-cells are “educated” in a similar 

manner to recognise antigens of commensal bacteria is unclear. Lathrop et al evaluated the 

development and maturation of T-cells in mice and found that colonic T(reg) cells used T-cell 

receptors (TCR) that were different to those used by T(reg) cells elsewhere.70 They concluded 

that generation of colon-specific T(reg) cells is an important mechanism in providing 

tolerance to commensal microorganisms. The optimal maintenance of tolerance to 
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commensal antigens requires the combined effect of both standard and colon-specific T(reg) 

cells.71,72 

 

Figure 1.3. Role and functions of the microbiome in the normal gastrointestinal tract. 

Reproduced with permission from Lazar et al.73 
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Examples of conditions where the intestinal microbiome has an 

established association 
 

Inflammatory Bowel Disease 

Inflammatory bowel disease (IBD) is an umbrella term to include the conditions of Crohn’s 

Disease (CD) and Ulcerative Colitis (UC), as well variants such as indeterminant colitis. The 

clinical presentations of these conditions differ, however phenotypic crossover is seen in 

around 10%.74 The pathophysiology of IBD is complex and not well understood. The current 

prevailing theory is an aberrant immune response to intestinal bacteria or other environmental 

factors in a genetically susceptible host.75, 76 Evidence supporting the role of the microbiome 

has been demonstrated in both human subjects and rodent models. 

Evidence of changes in the composition of the intestinal microbiome have shown inconsistent 

results. Manichanh et al used metagenomic techniques to compare the faecal samples of six 

patients with CD with six healthy controls.77 For the phyla Firmicutes they identified a 

reduction in diversity in CD patients. In healthy controls 43 distinct ribotypes were identified, 

compared with only thirteen in CD. This finding was validated using fluorescent in situ 

hybridisation. They conclude that reduced complexity of the phylum Firmicutes is a signature 

of the faecal microbiome in CD. Frank et al reported similar findings when evaluating tissue 

samples obtained from a cohort of 196 patients that included IBD (UC or CD) and non-IBD 

controls.78 Relative to non-IBD control samples, UC and CD colonic samples contained 

reduced abundance of Bacteroidetes, and Lachnospiraceae subgroup of Firmicutes, with 

greater presentation of Proteobacteria and the Bacillus subgroup of Firmicutes. It is unclear 

whether these findings of an altered microbiome composition are causative or result from the 

inflammation generated in IBD. 

While alteration in the composition of the microbiome may be implicated, Morgan et al 

identified microbial function to also be disturbed.79 They performed shotgun metagenomics 

on intestinal biopsies and faecal samples of 231 IBD and healthy subjects. Microbiome 

composition was altered with changes in Firmicutes and Enterobacteriaceae abundances as 

described above, however 12% of analysed metabolic pathways were altered in IBD patients, 

compared with only a 2% alteration in genera. They identified major shifts particularly in 

oxidative stress pathways, as well as altered carbohydrate metabolism and amino acid 

biosynthesis in favour of increased nutrient uptake. 
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Controversy remains as to whether the entire commensal microbiome, or an individual 

pathogen (e.g. – Mycobacterium avium paratuberculosis) are responsible for the 

inflammation in IBD, given the similarities between human IBD, and Johne’s disease in 

ruminant animals.80-82 

Further support for the role of the microbiome in IBD is evidenced by retrospective studies 

finding the use of antibiotics being associated with an increased likelihood of subsequently 

developing IBD.83 This effect is significantly amplified in children, where exposure within 

the first year of life (hazard ratio 5.51), or more than two course of antibiotics (hazard ratio 

4.77) suggest antibiotic administration may irreversibly alter the microbiome in a manner that 

sets it on a pro-inflammatory trajectory.84 

 

Obesity 

The burgeoning problem of human obesity is commonly described as an epidemic.85-87 There 

is marked geographic variation, with at least 34% of Americans considered to be obese, with 

a similar proportion overweight.85 In stark contrast, obesity is reported to affect fewer than 

10% in some Asian countries.86 Closer to home, the prevalence of obesity in New Zealand 

was 30.9% in 2018/19, the third highest rate in the world.86, 88 

The development of obesity is multifactorial – there are obvious differences in both genetics 

and environmental influences (such as diet and exercise) in different geographic 

regions/ethnicities, and this is reflected in the marked variation in prevalence. 

 An association between the gut microbiome and obesity has been observed in humans. 

Consequently, the potential for manipulation of the microbiome as a treatment for obesity is a 

very attractive prospect. 

Ley et al used 16S rRNA gene sequencing to compare the faecal samples of twelve obese 

individuals to five lean volunteers.34 Compared to the lean controls, obese individuals had 

more Firmicutes, and almost 90% less Bacteroidetes. The obese individuals were then put on 

a low-fat or low-carbohydrate diet for one year and lost up to a quarter of their body weight. 

Repeat analysis after this dietary change showed the proportion of Firmicutes dropped with 

corresponding increase in Bacteroidetes, although never reaching the levels seen in the lean 

controls. Jumpertz et al had similar findings when they evaluated the effect of prescribed 

diets of varying caloric load on the faecal microbiome of twelve lean and nine obese 



15 
 

subjects.89 They found that altering the caloric load induced rapid changes in gut microbiota, 

particularly when lean individuals were overfed, there was a 20% increase in Firmicutes and 

corresponding decrease in Bacteroidetes. They did not observe baseline differences between 

lean and obese individuals, in contrast to previous reports.34,90 While an elevated 

Firmicutes/Bacteroidetes ratio is the predominant finding, studies reporting alterations of 

microbiome composition in obesity have not described uniform results.91 

In the pathogenesis of obesity, multiple pathways by which the microbiome may influence 

host metabolism have been described. The first pertains to increased energy availability in the 

colon. As described previously, colonic bacteria metabolise indigestible carbohydrate 

substrates into SCFA. Alterations in the organisms present can influence the extent to which 

this process occurs, resulting in increased energy units being presented to the colon in an 

absorbable form.92 In addition to more energy being taken up by the colon, the subsequent 

processing and storage of this additional energy absorbed also appears to be influenced by the 

microbiome.56 Of note, the composition of the microbiome in early life may have lifelong 

consequences for satiety control and many other metabolic processes.93 In addition to 

contributing to obesity, certain compounds produced by bacteria may also play a role in the 

development of complications of obesity, by increasing chronic inflammation and insulin 

resistance.94 

Cancer 

Alterations in the microbiome are implicated in the development of colorectal cancer 

(CRC),95 gastro-oesophageal cancer,96 breast cancer,97 and are likely involved in the 

pathogenesis of several additional malignancies based on certain bacterial metabolic by-

products being established risk factors.98 

Perhaps not surprisingly, the most well understood association is between the intestinal 

microbiome and colorectal neoplasia. Given the proximity to the colonic epithelium and its 

role in normal epithelial function, the intestinal microbiome may have a multitude of effects 

in colorectal carcinogenesis. It potentially offers the exciting prospect of assessing the 

microbiome for risk stratification for the development of CRC, or even risk reduction by 

modulating an individual’s microbiome with lifestyle changes or probiotic use.99 

Studies comparing the intestinal microbiome of CRC patients to healthy controls have 

demonstrated a range of alterations in overall composition, particularly reduced alpha 
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diversity.100-102 In addition to a general dysbiosis, several specific bacteria have also been 

identified to possess varying carcinogenic effects. 

 

Chronic inflammation is an established risk factor for many cancers, and species such as 

Bacteroides fragilis and Enterococcus faecalis can produce toxins than can induce 

inflammatory change or directly damage the epithelium.100, 103-104 In addition, Bacteroides 

fragilis can activate β-catenin signalling and induce nuclear proliferation.105 Similar effects 

are also produced by Fusobacterium nucleatum.106 Further examples are given in Table 1.1. 

These species have been shown to have significantly different abundances in CRC samples 

compared to healthy controls. Despite significant interest in identifying specific 

oncomicrobes, no single species has been found to be universally present in CRC samples. 

Therefore, microbiome effects in the pathophysiology of CRC are likely to be due to the 

synergistic effect of co-abundance of several organisms rather than one specific bacterial 

species being causative.107 

 

Table 1.1. Specific host-microbial relationships in colorectal cancer. Reproduced with 

permission from Skowron et al.108 

 

In addition to direct effects on epithelial cells by certain bacterial species, the intestinal 

microbiome may harbour carcinogenic potential via by-products of microbial metabolism. 

Metabolism of dietary proteins may produce hydrogen sulphide and reactive oxygen species, 

potentially causing oxidation of epithelial cell components and dysregulation of the cell 

cycle.109 Bacterial processing of dietary fat results in production of the secondary bile acid 

deoxycholate, elevated levels of which have been associated with colon, oesophageal and 

liver cancers.110 

Further to possible roles in the pathophysiology of neoplasia, the microbiome may also 

influence the response to treatment, particularly immunotherapy. Bacteroides have been 
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found to influence the response to anti-CTLA-4 therapy; germ-free mice demonstrated no 

response until colonised with Bacteroides fragilis antigens or specific T-cells. Similarly, the 

introduction of Bifidobacterium may increase the response to anti-PDL1 treatment as well as 

alleviate some side effects of cancer treatment.108, 111 

 

 

Figure 1.4. Complex interactions of Colorectal cancer pathogenesis and identified alterations 

in the intestinal microbiome. Reproduced with permission from Saus et al.102 

 

 

Lifestyle and environmental influences on the intestinal microbiome 
 

Various aspects of an individual’s lifestyle have been shown to influence the intestinal 

microbiome, of particular interest are variations in diet.112 Long term trends in dietary habits 

determine the microbiome composition, and predictable patterns referred to as “enterotypes” 

have been described.113, 114 
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Wu et al performed 16S rRNA gene sequencing of faecal samples from 98 participants 

alongside detailed dietary histories.113 They describe three main enterotypes, principally 

related to the levels of Bacteroides (associated with high protein and animal fat intake) and 

Prevotella (associated with high carbohydrate intake).  

Phyla associated with fat intake but negatively associated with fibre intake were 

predominantly Bacteroidetes and Actinobacteria, whereas the opposite association was seen 

with Firmicutes and Proteobacteria. However, at the genus level and below, not all taxa 

within each phylum demonstrated the same correlation with these dietary factors. As a second 

experiment they assessed the change in microbiome composition when ten of the participants 

were subjected to a prescribed high fat/low fibre, or low fat/high fibre diet. Changes in 

composition were evident within 24 hours of the dietary change, whereas an individual’s 

composition did not vary significantly over the short term when consuming their usual diet. 

Similar findings were noted by De Filippo et al who compared the faecal microbiome of 

children from Florence, Italy to the rural African village Burkino Faso.115 They found the 

dietary assessment of Burkino Faso children to contain much higher levels of fibre, with stool 

analysis showing enrichment in Bacteroidetes with depletion of Firmicutes. They observed 

unique abundance of bacteria from the genera Prevotella and Xylanibacter, known to possess 

genes for cellulose metabolism. In contrast these genera were devoid from the samples from 

the Italian children. The authors hypothesise these genera could be an evolutionary 

consequence of high fibre intake, maximising the energy extracted from ingested plant 

polysaccharides. 

Barone et al assessed the intestinal microbiome response to a modern Paleolithic diet 

(MPD).116 They note the modern western diet is low in fibre and rich in processed foods 

which is often considered to be contributing to the increasing incidence of many diseases. 

They hypothesized experimenting with an MPD to modulate the intestinal microbiome 

towards an “ancestral composition”. The defined the MPD as being rich in fruit, nuts, seeds, 

eggs, fish, and lean meat, while excluding grains, dairy products, salt and refined sugar. The 

intestinal microbiome of 15 Italians who rigorously adhered to MPD (for at least a year) 

demonstrated significant differences to the local population adhering to a Mediterranean diet, 

and more closely resembled that of Hunter-Gatherer populations from several different 

geographically remote populations. 



19 
 

Other modifiable lifestyle factors that may influence the intestinal microbiome include sleep 

deprivation and circadian rhythm disturbance, 117, 118 chronic noise, 119 and sedentary 

behaviour versus regular exercise.120, 121 

Conclusion 

The advent of rRNA gene sequencing techniques has allowed the identification and 

taxonomy of thousands of species which were not even imaginable using traditional culture 

methods. This exponential growth of our understanding of the human microbiome has 

facilitated a better understanding of the normal evolution of the intestinal microbiome, the 

roles and functions it provides its host, and how it may influence several disease processes, 

particularly conditions local to the GI tract. With this understanding, it appears very plausible 

that the intestinal microbiome plays a crucial role in the aetiology of acute diverticulitis, 

which will be the focus of subsequent chapters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

Chapter Two: Rectal Swabs are a Reliable Method of 

Assessing the Colonic Microbiome 
 

Introduction 
Interest in the human intestinal microbiome has grown rapidly over recent decades. In health, 

gut bacteria have a symbiotic relationship with the host. The microflora receives nutrients via 

dietary intake, and in return provide benefits to the host, such as aiding in digestion, 

metabolic by-products as well as playing a crucial role in epithelial cell homeostasis and 

immunity.7, 45, 122 While most gut bacteria are beneficial or neutral, the host’s immune system 

possesses mechanisms to identify and protect itself from pathogenic organisms.57 

With such complex interaction between host and microbiome in the healthy gut, it is 

unsurprising that the microbiome has been increasingly implicated in states of disease. The 

concept of dysbiosis refers to an imbalance or maladaptation of the microbiome that is 

associated with a disease. Alterations in the microbiome or the microbiome-host relationship 

have been identified in inflammatory bowel disease,78,79,123,124 obesity,91,94,125 and several 

types of cancer.95,126 

The human gastrointestinal tract is estimated to contain over 1013–1014 microorganisms4-6 

from between 1000–5000 different species.6,39,127 Although only a small proportion of these 

organisms can be cultured in the laboratory,39,127,128 the advent of 16S rRNA gene sequencing 

as a means of assessing bacterial samples has facilitated significant advances in our 

understanding of the microbiome, overcoming the limitation of uncultivability and enabling 

identification (and quantification) of many previously unrecognised taxa. 

In clinical practise, a faecal sample is the traditional method of evaluating colonic flora. 

However, this can be cumbersome for patients to provide in a timely manner, particularly if it 

is needed before antibiotics have time to take effect. 

Obtaining a rectal swab for 16S rRNA gene analysis is an attractive alternative to a faecal 

sample. It is minimally invasive and can be taken at the point of care, potentially avoiding the 

influence of antibiotics on sequencing results. Previous studies have shown rectal swabs to 

correlate with faecal samples in infants.129,130 Studies in adults found similar results, although 

are limited by having few participants131,132 and the confounding influence of mechanical 

bowel preparation.132 The aim of this study is to assess the utility of using rectal swabs as an 
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alternative to faecal samples for 16S rRNA gene sequencing, evaluating both clinician-

collected swabs, as well as swabs self-collected by the individual. 

 

Methods 

 

Study participants 

Healthcare professionals working within Christchurch hospital were invited to participate in 

this feasibility study. Twenty healthcare professionals volunteered and provided the 

necessary specimens. Use of antibiotics in the preceding six weeks was the only exclusion 

criteria. As this study was comparing the composition of samples rather than the clinical 

significance of identified taxa, no medical history was obtained. 

Sample collection 

Participants were asked to provide three specimens: a stool sample, a clinician-collected 

rectal swab, and a self-collected rectal swab. Swabs were instructed to be inserted 4-6cm to 

ensure sampling of the distal rectum and were both taken on the same afternoon. The 

clinician-obtained swabs were taken by a single practitioner, who was a Registered Nurse 

Rectal swabs were taken using DNA/RNA Shield Collection tubes with swabs (Zymo 

Research, California, USA). These swabs are in a collection tube, prefilled with a solution 

that preserves DNA and RNA at room temperature. Stool samples were subsequently 

collected within 72 hours using DNA/RNA Shield Faecal Collection tubes (Zymo Research, 

California, USA). 

Sample preparation 

DNA for microbiome analysis was extracted from the swab and stool samples using 

ZymoBIOMICS mini and micro–DNA Kits, respectively (Zymo Research, California, USA) 

according to the manufacturer’s instructions. DNA concentration and purity were assessed 

using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Massachusetts, USA).  

16S rRNA gene sequencing 

Nextera® XT DNA Index kit (Illumina, San Diego, CA, USA) was used for library 

preparation using a single-step PCR library preparation method that has dual index PCR 

primers that flank the V3-V4 hyper-variable region of 16S rRNA gene (16SF_V3: 5′-TATG 

GTAATTGGCCTACGGGAGGCAGCAG-3′ and 16SR_V4: 5′-
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AGTCAGTCAGCCGGACTACHVGGGTWTCTAAT -3′), and Illumina sequencing 

adaptors and barcodes were added using limited cycle PCR. The libraries were pooled by 

equal molarity before loading on the Illumina MiSeq platform with PhiX as 20% of the 

library and paired end reads of length 250 bp were generated.  A total of 15,935,436 

sequencing reads were generated, with a median of 201,803 reads per sample (range, 

100,357–282,498 reads). Bowtie2 was used to remove sequencing reads mapping to the PhiX 

genome.133 In the raw sequencing data, the total number of reads per sample ranged from 

100,357 to 282,498 (Median: 201,803). The sequencing data is available from the NCBI 

Sequencing Read Archive as BioProject PRJNA648177. 

Data processing  

An R-based pipeline (Dada2 version 1.14.1) was used to process sequencing reads into 

amplicon sequence variants (ASVs).134 This pipeline filtered, trimmed, and joined sequencing 

reads and removed chimeras before assigning taxonomy using a training set based on the 

SILVA database (version 138).135 The taxonomy, sample metadata, and sequences were 

combined into a phyloseq object (phyloseq version 1.30.0) and exported for further analysis.136 

ASV’s were rarefied, and a rarefaction curve was generated. At each rarefaction point n (shown 

on x axis), each sample was subset to n reads per sample, and observed alpha diversity was 

calculated. This was repeated ten times per sample at each depth. From this data, mean and 

standard error of alpha diversity for each sample at each sequencing depth was calculated.  

The DECIPHER (version 2.14.0)137 and Phangorn (version 2.5.5)138 packages were used to 

construct a phylogenetic tree using FastTree (version 2.0).139  

A phyloseq object containing ASVs, taxonomy, metadata, and a phylogenetic tree was used 

for all data analysis and plot generation. The R dataset and all code used for analysis is 

available at https://gitlab.com/morganx/purcell2020. 

Visualisation and statistical analysis 

Non-metric multidimensional scaling (NMDS) ordination was used to visualize beta diversity 

of samples and inspect for clustering based on Bray-Curtis distance and weighted UniFrac 

distance. Permutation-based ANOVA (PERMANOVA), anosim, and betadisper were used to 

test the null hypothesis of no difference in beta diversity based on sample type (clinician-

collected swab, self-collected swab, or stool).  
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DESeq2 with false discovery correction (p.adj < 0.01) was used on unrarefied data to test for 

differences in the abundance of genera due to sample collection type.140 

 

 

Results 

The total number of sequencing reads per sample after dada2 processing were between 

63,696-195,853 (median 134,205) reads per sample. A rarefaction curve was generated to 

determine whether sample alpha diversity was adequately represented at 63,000 reads per 

sample, corresponding to the samples with the lowest numbers of reads in the dataset (Figure 

2.1). This showed that a read depth of 50,000 reads per sample is sufficient to thoroughly 

represent most species present in these samples, with little further information gained by 

sequencing deeper. 

Regardless of rarefaction depth chosen, clinician-collected rectal swabs consistently have the 

highest levels of alpha diversity, while stool samples consistently have the lowest alpha 

diversity.  
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Figure 2.1. Rarefaction curve stratified by sample type. CT, clinician taken. ST, self-taken.  

 

 

Rectal swabs demonstrate slightly higher alpha diversity than stool 

To test the hypotheses (H0) that there is no difference in mean observed alpha diversity between 

stool, self-, and clinician-collected swabs, all samples were rarefied to 57,326 reads per sample. 

A Shapiro-Wilk test was used to test for normality (p > 0.05), confirming that ANOVA was an 

appropriate statistical test for H0. Based on ANOVA, the null hypothesis was rejected for both 

Observed and Shannon diversity (p < 0.001 Observed; p < 0.05 Shannon). Pairwise t-testing 
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showed that although swabs had higher alpha diversity than stool samples, only the difference 

between clinician-collected swabs and stool was significant (p < 0.002 Observed; p < 0.04 

Shannon) (Figure 2.2).  

 

Figure 2.2. Comparison of Observed and Shannon alpha diversity based on sample type. Dots 

and lines are coloured by the individual from whom each sample was collected to allow for 

comparison between sample types. CT, clinician taken. ST, self-taken. 

 

Visualization of beta-diversity by NMDS ordination using both Bray-Curtis distance (Fig. 

2.3A) and weighted UniFrac distance (Fig. 2.3B) showed that there is clustering by sample 

type, but the three samples from an individual are also generally similar to one another. Using 

rarefied data or not made minimal difference to this finding. 
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Figure 2.3. A. Bray-Curtis distance analysis of beta-diversity emphasizes ordination by sample 

type. B. UniFrac distance. Data points from the same individual are connected by dotted lines. 

Ellipse demonstrates 95% confidence interval for centroid.  

 

Beta dispersion analysis showed that variance between these sample groups was 

homogeneous (P > 0.05). Both permutation-based ANOVA (P < 0.001) and Anosim (P < 

0.001) testing confirmed that samples grouped significantly based on the individual they were 

collected from, and this explains much more of the observed variation in beta diversity 

(Permanova: R2 = 0.74 / 74.4% of variance, Anosim: R = 0 .79) than is explained by sample 

type (Permanova: R2 = 0.068 / 6.8% of variance, Anosim: R = 0.21). 
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Minimal difference between clinician and self-collected swabs, and swabs when compared 

to stool 

Next, we compared the distribution of taxa between sample types. Most samples were 

predominantly Bacteroidia and Clostridia, but there were no obvious associations between 

class and sample type upon visual inspection (Figure 2.4). 
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Figure 2.4. Bar plot (class level) showing relative abundance of taxa in each sample. Panels A, 

B, and C correspond to clinician-collected swab, self-collected swab, and stool sample. The 

ten most abundant bacterial classes within each sample type are shown (with very high 

agreement), the order of participants is the same in each plot. 
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We used DESeq2 to determine which genera had differences in abundance attributable to 

sample type after correcting for variance (especially due to low abundance) and differences in 

sample library size. ASVs were glommed to genus level before running DESeq2, but there was 

no other transformation except for DESeq2’s own internal correction methods. These results 

show which taxa were differently measured based on sample type (Figure 2.5). The heatmap 

on the left shows the significantly different bacteria at genus level between groups, (log2 Fold 

Change (log2FC)). The heatmap on the right show’s overall abundance of each of these 

significant genera across all 20 samples in each sampling group, which highlights that the mode 

of rectal swab acquisition effects very few taxa, while many taxa are substantially more 

abundant in swabs compared to stool samples. Most of the genera that are affected are low-

abundance genera, although there are a small number of abundant taxa (mostly firmicutes) that 

are quite different between swabs and stool (Figure 2.6). Skin commensals, including 

Brevibacterium, Corynebacterium and Staphylococcus, were significantly different between 

swabs and stool (log2FC 25.18, 11.24 and 6.55, respectively, for clinician obtained swab vs. 

stool) (Figure 2.7). 
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Figure 2.5. Taxa with differential abundance based on sample type (clinician-taken swab, self-

taken swab or stool). Left: Log2 fold change of genera based on sampling. Right: Heatmap 

(log10 scale) showing relative abundance of taxa in samples. NA, differential abundance is 

non-significant. 
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Figure 2.6. Relative abundances of phyla compared by sample type. The X axis shows the 

phyla detected in samples in this study, and the Y axis shows the total number of genera 

detected in each phylum. Fill indicates the proportion of genera in each phylum that were 

significantly affected by sampling method.  
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Figure 2.7. Bar Chart demonstrating Log2 Fold change observed in genera when comparing 

Clinician or Self-collected swab to stool. Bar colour represents phylum of the named genus 

 

Discussion 

This feasibility study demonstrated that rectal swabs are a reliable method of assessing the 

colonic microbiome when compared to stool samples. These results are consistent with 

previous studies which have found rectal swabs to be accurate for evaluating the colonic 

microbiome in both children and oncology patients.129,130,141 

The finding that alpha diversity is reduced in stool compared to rectal swabs is not surprising. 

Stool samples have long been the conventional method of evaluating the colonic microbiome. 

However, previous studies have identified significant differences in the bacterial composition 
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of faeces compared to mucosal biopsies taken at colonoscopy.142,143 The faecal microbiome 

composition and abundance is altered by colonic transit time and stool consistency144,145 as 

well as oxygen availability,146 therefore the faecal microbiome may be less likely to be 

consistently representative of the communities of microorganisms residing within the colon at 

different anatomical locations (e.g., caecum compared to rectum), and proximity to the 

colonic epithelial cells. 

In addition to potential for short-term variation described above, there is debate about the 

relevance of faecal microbiome composition compared to that of the mucosa. Some authors 

argue that only the mucosal microbiome is of clinical relevance, as most of the host-bacteria 

interactions occur at this level.42,142,147,148 A further point of debate is whether a mucosal 

sample in one location in the colon reflects the microbiome of the remainder, as local 

variations have been found in biopsies taken from areas of disease,50 while other studies 

found the microbiome composition to be consistent throughout the colon.48,142,149 

Accurate sampling of the colonic mucosa requires an invasive procedure (endoscopy and 

biopsy), while rectal swabs provide a minimally invasive alternative method for evaluating 

the microbiome. Rectal swabs are likely to more resemble the mucosal microbiome than that 

of stool samples. Nonetheless, it is possible that the results generated by specimens visibly 

contaminated by stool are not reflective of the mucosal microbiome, but more a surrogate 

method of stool sample collection. 

Antibiotic use, and other interventions such as dietary modification can induce rapid changes 

in the gut microbiome.39,150-152 Such interventions are commonly utilised in conditions such 

as diverticulitis and inflammatory bowel disease where the role of the microbiome is 

increasingly being investigated. A faecal sample can often take several days for a patient to 

provide, therefore rectal swabs offer a convenient method of evaluating the baseline colonic 

microbiome without treatment compromising the results. Similarly, faecal samples obtained 

in an outpatient setting may have a delay to processing with suboptimal storage or 

preservation methods. Rectal swabs stored in DNA/RNA preservative solution may 

overcome some of these limitations.153 

The finding that swabs yielded similar results whether collected by a clinician or by the 

individual is noteworthy. Although contamination by perianal skin flora was observed in the 

rectal swabs, it did not appear to be an issue as such skin commensals were greatly 

outnumbered by the colonic flora. Being able to self-swab may potentially avoid 
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embarrassment for patients, improving overall compliance in microbiome studies. Self-

swabbing also offers the potential to greatly increase recruitment power of microbiome 

studies by allowing participants to take their own samples at home and post them to 

researchers. It should be noted, however, that this finding in a study of healthcare 

professionals with anatomical understanding may not be able to be extrapolated to lay people, 

particularly those acutely unwell and less ambulant. 

While the current study demonstrates the utility of rectal swabs for simple microbiome 

composition analysis, whether these findings can be extrapolated to metagenomic analysis is 

unclear and an area for future study. With its inherent higher level of detail, metagenomic 

analysis may be more sensitive to variations in biomass, sequencing depth, or contamination. 

The main limitation of this study is the relatively small number of participants. However, 

even with limited numbers, statistically significant results were achieved. A technical 

limitation of using rectal swabs is the variable quantity of bacterial DNA obtained. Some 

individuals found the process of rectal swabbing uncomfortable, and it is plausible that 

discomfort limited how thorough the clinician collecting the swab was able to sample the 

mucosa. Whether there is an association between patient discomfort, or a learning curve for 

clinicians taking swabs and their quality measures are areas for future study. A further 

limitation is the lack of negative control use for 16S rRNA gene sequencing to account for 

possible laboratory contamination. 

 

Conclusion 

In summary, alpha diversity is significantly different based on sample type, with reduced 

diversity in stool samples compared to swabs. Individual variation is the major influence on 

beta diversity when comparing stool vs. swabs. The taxa identified using a swab or stool 

sample are generally comparable, meaning that rectal swabs are a reliable alternative for 

colonic microbiome assessment. Furthermore, at the genus level only six taxa appeared to be 

affected by the swab being self-collected compared to clinician collected. 
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Chapter Three: The Intestinal Microbiome and its role in 

the Pathogenesis of Acute Diverticulitis 
 

Introduction 

Diverticula are present in a significant proportion of the population, however, as few as 5% 

of individuals with diverticulosis will go on to develop acute diverticulitis (AD).154 The 

pathophysiology of AD was traditionally thought to be due to obstruction of the neck of a 

diverticulum, resulting in raised pressure within, and ischaemia/ulceration with 

microperforation leading to extravasation of luminal bacteria and ensuing inflammatory 

reaction.155 More recent evidence suggests that the pathophysiology of AD is more complex 

than was previously understood.156 

As discussed in chapter one, our understanding of the role of the microbiome in human health 

and disease is increasing rapidly. Since the bulk of the human microbiome resides within the 

gastrointestinal (GI) tract,19 its role in a variety of intestinal diseases has been 

established.78,91,108  

Likewise, alterations in the microbiome offer a prime hypothesis for the development of 

AD.157 Either a causative organism, or more likely, alterations in the relative abundance of 

species (i.e., the overall composition) resulting in a pathogenic enterotype could exert 

inflammatory changes at the mucosal level, culminating in AD. 

Despite the magnitude of the problem of AD,158,159 there is a paucity of evidence addressing 

the role of the microbiome. The largest study of AD published to date, by Daniels et al had 

only 31 patients with AD and compared the microbiome of rectal swabs derived from patients 

with uncomplicated AD to a control population.160 They found that AD patients had greater 

diversity than controls, with the phylum Proteobacteria defining the difference.  

To further understand the role of the microbiome in AD we conducted a study to evaluate the 

colonic microbiome, using 16S rRNA gene sequencing of rectal swabs. This chapter will 

focus on comparing patients with uncomplicated AD to those with complicated disease, and 

whether differences are observed in individuals having a recurrent episode of AD compared 

to those at their index presentation. Microbiome differences observed between patients with 

AD compared to an asymptomatic control population were also investigated but are outside 
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the scope of this thesis and will be reported separately by Dr Michael O’Grady, however this 

component of the study will be acknowledged in the results. 

 

 

Methods 

Patients admitted to Christchurch Hospital with a primary diagnosis of AD between February 

and August 2020 were assessed for participation in the study. There was a five-week hiatus in 

the study in March-April 2020 during New Zealand’s nationwide lockdown in response to the 

Covid-19 pandemic.  

Patients were referred by their admitting General Surgical team and considered eligible if 

they had imaging-confirmed AD of the colon and had commenced antibiotic treatment less 

than 24 hours prior to recruitment. Patients were excluded if any of the following applied: 

• Age <18 

• Antibiotic, or probiotic use within the six weeks prior to admission (excepting 

antibiotics commenced at this admission, within 24 hours of obtaining the rectal 

swab) 

• Mechanical bowel preparation within the six weeks preceding admission. 

• Known, or subsequent diagnosis of colorectal cancer within three months of 

admission 

• Inflammatory bowel disease 

• Incapable of providing informed consent 

 

Eligible individuals were approached to participate in the study. Consenting patients provided 

a rectal swab for 16S rRNA gene sequencing. A control group of patients from the study 

described in Chapter Two (who may or may not have asymptomatic diverticulosis), as well as 

additional patients who had diverticulosis identified on cross-sectional imaging performed 

during a hospital admission where the diverticulosis was an incidental finding. The patients’ 

medical records, and their clinical course were subsequently followed until December 2020. 

Study participants gave written informed consent, and the study was approved by the 

University of Otago Human Ethics (Health) Committee (reference H20/009). 
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Microbiome evaluation 

Swab collection: 

The colonic microbiome was assessed using a clinician-obtained swab of the distal rectum, 

inserted 4-6cm to ensure adequate sampling, using DNA/RNA Shield Collection tubes with 

swabs (Zymo Research, California, USA). These swabs are in a collection tube, prefilled with 

a solution that preserves DNA and RNA at room temperature. 

Sample preparation: 

DNA for microbiome analysis was extracted from the swab using ZymoBIOMICS micro–

DNA Kits (Zymo Research, California, USA), according to the manufacturer’s instructions. 

DNA concentration and purity were assessed using a NanoDrop 2000 spectrophotometer 

(Thermo Fisher Scientific, Massachusetts, USA).  

16S rRNA gene sequencing: 

Nextera® XT DNA Index kit (Illumina, San Diego, CA, USA) was used for library 

preparation using a single-step PCR library preparation method that has dual index PCR 

primers that flank the V3-V4 hyper-variable region of 16S rRNA gene (16SF_V3: 5′-TATG 

GTAATTGGCCTACGGGAGGCAGCAG-3′ and 16SR_V4: 5′-

AGTCAGTCAGCCGGACTACHVGGGTWTCTAAT -3′), and Illumina sequencing 

adaptors and barcodes were added using limited cycle PCR. The libraries were pooled by 

equal molarity before loading on the Illumina MiSeq platform with PhiX as 20% of the 

library and paired-end reads of length 250 base pairs were generated. 

Processing of reads and Taxonomic Identification: 

DADA2 (v1.18.0) was used to filter, trim, join sequencing reads, and remove chimeras to 

obtain amplicon sequence variants from raw sequencing data.134 The SILVA database (v132) 

was utilised to assign taxonomy to the amplicon sequence variants.135 The taxonomy, sample 

metadata, and sequences were combined into a phyloseq object for subsequent analysis.136 

Figure 3.1 shows the distribution of total read counts among samples before and after 

DADA2 processing. 
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A B 

Figure 3.1. Distribution of read counts among samples. A. Before DADA2 processing. B. 

After DADA2 processing 

 

One sample swab returned 99 reads only, and this patient was excluded from further analysis. 

To evaluate differences in baseline patient characteristics and clinical outcomes, Fishers 

exact, and chi-square tests were used for categorical data, with Mann-Whitney U and t-test 

used for continuous data where appropriate. A P-value of <0.05 was considered statistically 

significant. Statistical analysis was performed using GraphPad Prism (version 9) statistical 

software (GraphPad Software, San Diego, CA). 

 

Results 
During the study period 120 patients were admitted to Christchurch Hospital with AD. Fifty-

four patients met one or more exclusion criteria (Figure 3.2). One individual with 

complicated AD agreed to participate but was excluded from analysis as insufficient DNA 

was extracted from the rectal swab. This resulted in a total of 65 patients with AD providing 

samples for microbiome analysis. A control group comprising of 27 patients (whom may 

have asymptomatic diverticulosis, or normal colons) was used as a comparator. 
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Figure 3.2. Flowchart of recruitment for the study. 

 

 

 

 

 

 

 

Uncomplicated versus Complicated Acute Diverticulitis 

The baseline patient characteristics for each subgroup were generally similar as shown in 

Table 3.1. Not surprisingly, the admission serum C-reactive protein was significantly higher 

in patients with complicated AD. 

120 Patients 
admitted with AD 

during recruitment 
period 

Excluded (n=55)
>24 hours antibiotics =18

Antibiotics within 6 weeks = 16

Patient declined = 14

Immunosuppresion = 2

Unable to consent = 2

Bowel preparation within 6 
weeks = 1

Referred after being discharged = 
1

Insufficient DNA extracted during 
swab processing = 1

Included in study 
(n=65)

Complicated AD

(n=21)

Uncomplicated AD

(n=44)
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 Uncomplicated AD 
(n=44) 

Complicated AD 
(n=21) 

P-value 

Age (range) 56 (27-91) 57 (39-78) 0.516 

Female (%) 23 (52.3%) 5 (23.8%) 0.036 

BMI (mean)(SD) 30.7 (5.0) 29.0 (4.0) 0.496 

    

Comorbidity    

ASA   0.562 

1 17 (38.6%) 7 (33.3%)  

2 22 (50.0%) 13 (61.9%)  

3 5 (11.4%) 1 (4.8%)  

4 0 (0%) 0 (0%)  

    

Current smoker 6 (13.6%) 4 (19.0%) 0.715 

Ischaemic heart 
disease 

6 (13.6%) 1 (4.8%) 0.413 

Pulmonary disease 5 (11.4%) 3 (14.3%) 0.706 

Renal impairment 1 (2.3%) 0 (0%) 1.000 

Diabetes 4 (9.1%) 1 (4.8%) 1.000 

Immunosuppression 1 (2.3%) 3 (14.3%) 0.095 

    

Previous Colonic 
Resection 

1 (2.3%) 0 (0%) 1.000 

Previous 
Appendicectomy 

6 (13.6%) 5 (23.8%) 0.314 

    

Admission CRP 
(mean) (SD) 

72.5 (49.5) 132.5 (83.2) <0.001 

Admission white 
blood cell count 

(mean) (SD) 

12.2 (3.2) 13.7 (3.1) 0.088 

    

Duration of 
symptoms (days) 

2 (1-14) 2 (1-40) 0.488 

Previous episode of 
AD 

9 (20.5%) 8 (38.1%) 0.145 

 

Table 3.1. Baseline patient characteristics compared by disease classification. BMI, body 

mass index. ASA, American Society of Anaesthesia. CRP, serum C-reactive protein (mg/L). 

WCC, white blood cell count (x109/L). AD, acute diverticulitis. 
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Complicated AD was associated with a significantly longer length of stay, and higher 

readmission rate compared to uncomplicated AD, as demonstrated in Table 3.2. 

 

 Uncomplicated AD 
(n=44) 

Complicated AD 
(n=21) 

P-value 

Median follow up 
(months) (range) 

5.1 (2.5-9.7) 6.5 (3.8-9.7) 0.300 

Median length of stay 
(days) (range) 

1 (0-6) 4 (1-34) <0.001 

Readmission during 
follow up period 

2 (4.5%) 5 (23.8%) 0.031 

Radiological drainage 0 (0%) 1 (4.8%) 0.323 

Surgical intervention 0 (0%) 1 (4.8%) 0.323 

 

Table 3.2. Clinical outcomes compared by disease classification  

 

Microbiome results 

When comparing patients with AD (both complicated and uncomplicated) to the control 

group, using Wilcoxon tests, there was a significant difference between the percent 

abundances of the phyla  Actinobacteria (AD vs Control p < 0.001, Complicated AD vs 

Control p-adjust = 0.001, Uncomplicated AD vs Control p-adjust = 0.011) and 

Proteobacteria (AD vs Control p < 0.0001, Complicated AD vs Control p-adjust < 0.001, 

Uncomplicated AD vs Control p-adjust < 0.001). 

Figure 3.3 shows the relative abundance of phyla between complicated AD, uncomplicated 

AD and the control group.  
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Figure 3.3. Relative abundance of phyla between groups, expressed as a percentage of total 

taxonomic composition for each individual included in the study. 

Alpha diversity 

In microbial ecology, alpha diversity refers to the variation, or a measure of the number of 

different species present within a sample. A variety of indices are available to further 

describe this, which vary in the weighting assigned to the least abundant taxa. The most used 

are Shannon, or Simpson indices.22  

Samples were rarefied to the smallest library size of 11,659 reads. Shannon diversity 

measures fail the normality tests, and non-parametric Wilcoxon and Kruskal-Wallis tests 

were used to test for significant differences in alpha diversity between groups. 

Observed alpha diversity was significantly decreased in both complicated (p=0.003), and 

uncomplicated AD (p<0.001) groups compared to healthy controls (Figure 3.4).  

 

 

 A                                                                                     B 

 

Figure 3.4. Observed (A) and Shannon (B) alpha diversity, comparing uncomplicated AD, 

complicated AD and the control group. 

 

Beta Diversity 

Beta diversity is a term used to describe the differences in the composition of two or more 

samples: whether comparing two different samples from one individual, comparing different 

individuals, or using samples from the same individual taken at different time points. Once 
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dissimilarities in composition (also referred to as distances) are established they can be 

ordinated in graphical form to display differences in the sample composition. 

Beta diversity was measured using non-rarefied samples normalized using centred-log ratios. 

Principal component analysis was used to summarize variations seen. The scree plot below 

(Figure 3.5) shows the proportion of total variance explained by each principal component 

(PC). PC1 explains approximately 6% of variation, with PC2 explaining 4% and other 

components contributing far less to the variation seen. These two principal components were 

used to plot beta diversity (Figure 3.6). 

 

Figure 3.5. Scree plot showing proportion of total variance explained by each principal 

component. 
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A B  

Figure 3.6. Principal component analysis using PC1 and PC2 showing separation between 

A. all diverticulitis and the healthy control group, and B. complicated, uncomplicated, and 

control groups. 

 

This analysis shows clear separation between all AD cases and controls, but no significant 

differences between complicated and uncomplicated AD. 

 

Differential Abundance of Genera between groups of Diverticulitis Samples 

We then used DESeq2 to obtain differentially abundant genera between our sample groups.140 

It normalizes the abundances in the dataset, fits the counts into a negative binomial 

distribution model, and estimates log-fold changes between sample groups. It then uses the 

Wald test, which uses the log-fold changes and standard error to calculate p-values. Multiple 

comparisons are then adjusted using false discovery rate (FDR). We considered a genus 

differentially abundant if it has an FDR < 0.05. 

We used DESeq2 to compare differentially abundant genera (+/-logFC) between 1. 

complicated and controls, 2. uncomplicated and controls, and 3. complicated vs 

uncomplicated samples. Figure 3.7 shows heatmaps that summarize these differences.  
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Figure 3.7. Heatmaps showing log2Fold-change of differentially abundant genera between 

complicated, uncomplicated, and controls (left) and normalized abundances per sample in a 

group (right). Normalization was done using DESeq2 with a pseudocount of 0.5. C, 

complicated acute diverticulitis. U, uncomplicated diverticulitis. 
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There were significant differences in microbiome composition noted for AD overall 

compared to controls, and there were also differences between uncomplicated AD and 

complicated AD, albeit less marked. Genera that were increased in AD were predominantly 

known pathogens. As shown in Figure 3.7 greater abundance of genera including Prevotella, 

Fusicatenibacter, and Faecalibacterium, were observed in the complicated subgroup. Almost 

all the genera decreased in AD are commensals and contain short-chain fatty acid (SCFA) 

producing species.  

 

Primary versus Recurrent Acute Diverticulitis 

The AD cohort was then grouped by whether the current hospitalisation was their index 

presentation with AD, or a recurrent episode, to evaluate whether there were any differences 

observed in the colonic microbiome (hypothesising that a particular microbiome composition 

may predispose an individual to recurrent AD). There were no significant differences in 

clinical characteristics between the cohorts, baseline characteristics of the subgroups are 

shown in Table 3.3. 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

 First episode AD 
(n=45) 

Recurrent Episode AD 
(n=20) 

P-value 

Median Age (range) 56 (27-91) 57 (40-78) 0.682 

Female (%) 18 (40.0%) 10 (50.0%) 0.589 

Mean BMI (SD) 30.4 (4.5) 30.6 (5.1) 0.854 

Complicated AD 13 (28.9%) 8 (40.0%) 0.402 

    

Comorbidity    

ASA   0.742 

1 18 (40.0%) 6 (30.0%)  

2 23 (51.1%) 12 (60.0%)  

3 4 (8.9%) 2 (10.0%)  

4 0 (0%) 0 (0%)  

Current smoker 8 (17.8%) 1 (5.0%) 0.255 

Ischaemic heart 
disease 

5 (11.1%) 2 (10.0%) 1.000 

Pulmonary disease 7 (15.6%) 1 (5.0%) 0.417 

Renal impairment 1 (2.2%) 0 (0%) 1.000 

Diabetes 3 (6.7%) 2 (10.0%) 0.639 

Immunosuppression 1 (2.2%) 1 (5.0%) 0.509 

    

Previous Colonic 
Resection 

0 (0%) 1 (5.0%) 0.308 

Previous 
Appendicectomy 

6 (13.3%) 5 (25.0%) 0.292 

    

Admission CRP 
(mean) (SD) 

94.6 (69.6) 81.3 (68.5) 0.485 

Admission white 
blood cell count 

(mean) (SD) 

13.4 (5.9) 12.5 (3.2) 0.559 

    

Median duration of 
symptoms (days) 

(range) 

2 (1-40) 1.5 (1-5) 0.261 

 

Table 3.3. Baseline patient characteristics grouped by whether the current admission was a 

first, or recurrent episode of AD. BMI, body mass index. ASA, American Society of 

Anaesthesia. CRP, serum C-reactive protein (mg/L). WCC, white blood cell count (x109/L). 

AD, acute diverticulitis. 

 

Of the twenty patients having a recurrent episode of AD, imaging from previous episode(s) 

was available for twelve patients. Two of these patients had their prior episode within the 

year preceding their inclusion in the current study. The previous presentation with AD was 
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complicated in five patients, and uncomplicated in the remaining seven. Clinical outcomes 

related to the current episode are reported in Table 3.4. There was a non-significant trend 

toward increased readmissions the recurrent group. 

 

 

 

 First Episode AD 
(n=45) 

Recurrent AD (n=20) P-value 

Median follow up 
(months) (range) 

5.3 (2.6-9.7) 5.7 (2.5-9.5) 0.818 

Length of stay (days) 
(range) 

2 (0-8) 2 (0-34) 0.221 

Readmission during 
follow up period 

3 (6.7%) 4 (20.0%) 0.189 

Radiological drainage 1 (2.2%) 0 (0%) 1.000 

Surgical intervention 1 (2.2%) 0 (0%) 1.000 

 

Table 3.4. Clinical outcomes compared by whether the current admission was for a first 

versus recurrent episode. AD, acute diverticulitis. 

 

 

 

Microbiome differences between patients with index and recurrent episodes of acute 

diverticulitis 

At the genus level, there were eight taxa which were less abundant in patients with recurrent 

AD (Figure 3.8) 
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Figure 3.8. Heatmap showing differential abundance of taxa for genera where there was a 

significant difference observed between recurrent compared to non-recurrent (first episode) 

AD.  
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Figure 3.9. Differentially abundant genera plotted using variance stabilized values from 

DESeq2. Blue denotes patients in the recurrent group, green identifies first episode cohort, 

with the control group of healthy diverticulosis individuals in red. Labels in each box are 

log2FE [adjusted p-value]. 

 

Discussion 

The hypothesis that alterations in the colonic microbiome play a significant role in the 

pathogenesis of AD is supported by the results of the current study. At the genus level, 

significant differences in the microbiome obtained from rectal swabs were seen when 

comparing all patients with AD to an asymptomatic control group. Similarly, within the 

patients with AD, there were less marked, but significant differences when comparing 

complicated versus uncomplicated AD, and those for whom this episode was an index 

presentation or a recurrence of AD. 
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When comparing all patients with AD to the control group, the main difference was of loss of 

genera usually considered to be commensal in the healthy host. This finding is not 

unexpected when considering the role microorganisms play in maintaining homeostasis 

within the GI tract.57, 73 For example, genera from the families Ruminococcus and 

Lachnospiraceae are involved in SCFA production and were found to have reduced 

abundance in the AD group.161,162 This may result in reduced nutritional substrate available to 

colonocytes, altering immune function at the mucosal level resulting in a pro-inflammatory 

state similar to what is seen in diversion colitis.69 

There is a paucity of data defining the colonic microbiome specific to AD. Daniels et al used 

16S rRNA gene sequencing of rectal swabs from 31 patients with imaging confirmed 

uncomplicated acute diverticulitis, compared to a healthy control population.160 In contrast to 

the present study, the authors found patients with AD had increased alpha diversity compared 

to the control group, with the phylum Proteobacteria accounting for most of the difference. 

Their finding of increased alpha diversity being associated with the diseased state differs 

from what is typically seen in microbiome studies of other gastrointestinal conditions, where 

the individuals with the condition in question show loss of diversity compared to healthy 

controls.77,78,100-102 This finding may be due to a confounding effect of mechanical bowel 

preparation (MBP). The AD patients had a rectal swab taken in the emergency room before 

commencing antibiotics, whereas the control group had a rectal swab obtained at the time of 

colonoscopy (i.e., it can be assumed they had been subjected to MBP, which has been shown 

to profoundly alter the colonic microbiome.163  

Gueimonde et al quantified the abundance of Bifidobacteria in nine patients with AD, 

compared to colorectal cancer and inflammatory bowel disease, total counts were found to be 

highest in patients with AD suggesting increased Bifidobacteria species may have a role in 

AD pathogenesis.42 However, limiting the evaluation of microbiome differences to a single 

genus is potentially misleading. The human microbiome is so complex, dysbiosis is more 

likely due to changes in relative abundance of taxa rather than absolute counts.19,37 

Furthermore, operational taxonomic units obtained during 16S rRNA gene sequencing 

represent genetic similarity to an arbitrary level (usually 97% similarity), however these may 

or may not equate to taxonomic species.21 

Schieffer et al evaluated the microbiome of diverticulitis in patients undergoing elective 

surgical resection for recurrent AD, comparing biopsies of diseased tissue to adjacent normal 
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tissue from the same colonic segment.148 They found Microbacteriaceae and Ascomycota 

were enriched in the diseased area compared to the adjacent normal bowel. These findings 

add further support to the microbiome being implicated in AD; however, examination of 

resected specimens has limited utility in the clinical management of AD. 

Several further studies have attempted to characterise the microbiome of symptomatic 

uncomplicated diverticular disease (SUDD), however, whether the findings have implication 

for AD remains to be seen. This condition is relatively poorly understood but is defined as 

abdominal bloating and erratic bowel habit attributed to colonic diverticulosis in the absence 

of overt inflammation.164 In keeping with the present study, Barbara et al demonstrated 

depletion of microbial taxa in patients with SUDD compared to controls with asymptomatic 

diverticulosis, or normal colons (namely Clostridium cluster IX, Fusobacterium and 

Lactobacillaceae).165 Kvasnovsky et al performed 16S rRNA gene sequencing to evaluate the 

faecal microbiome of 28 patients with SUDD.166 In the patients with a prior history of 

diverticulitis there was a higher relative abundance of the Pseudobutyrivibrio and 

Bifidobacterium genera, and the Christensenellaceae and Mollicutes compared to those who 

did not have a history of AD, but there were no differences in alpha or beta diversity when 

comparing SUDD patients with prior AD to those without. 

Two studies have evaluated whether microbiome alterations are likely to be involved in the 

pathogenesis of diverticulosis, comparing mucosal biopsies of patients where diverticula 

were found at colonoscopy to a control group with normal colons. Both studies found 

negligible differences, concluding that changes in the microbiome are unlikely to be 

implicated in the development of asymptomatic diverticulosis.167,168 

The published literature supports the concept that alterations in the colonic microbiome are 

involved in the pathogenesis of AD (and SUDD), however, the specific variations in 

microbiome composition identified to date have not been consistent across studies. Several 

potential explanations for this exist. Firstly, the “normal” colonic microbiome varies 

geographically, so taxa may play a relatively greater role in colonic homeostasis in one 

region compared to another, meaning the significance of altered abundance of taxa may vary 

between populations.37 Secondly, there are few data confined to the field of AD, where strict 

diagnostic criteria (e.g., cross-sectional imaging) are required, with most of the available data 

having been derived from patients with SUDD, which is a relatively subjective diagnosis. 
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The current study found several genera to be more abundant in patients with complicated AD 

compared to uncomplicated AD, including Prevotella, a large genus with a high genetic 

diversity of species.169 The phylum Bacteroidetes is dominated by the two genera Prevotella 

and Bacteroides. In a typical Western diet rich in protein and animal fats, Bacteroides 

typically dominate, with Prevotella tending to dominate in those who consume more 

carbohydrate (especially fibre).113 Many species within the Prevotella genus possess enzymes 

capable of degrading cellulose,170 which facilitates the production of short chain fatty acids 

from dietary fibre (generally considered a commensal attribute), however cellulose is also 

frequently a component of bacterial biofilms,171 which are associated with GI pathologies 

(e.g. Helicobacter pylori infection, Barretts Oesophagus).172 Thus, increased abundance of 

Prevotella species may plausibly be associated with complicated AD by contributing to 

biofilm alterations, which may affect the mucosal immune response leading to a more severe 

clinical course. Likewise, Fusicatenibacter also possesses cellulase, so increased abundance 

of this genus may have a similar effect.173 

Biofilms remain difficult to study in vivo, therefore their distribution within the colon is 

poorly understood at present.172,174 However, factors contributing to the development of 

biofilms are known to vary throughout the colon. For example, mucin production is greatest 

in the proximal colon where it is rapidly mixed with chyme and is rich in bacteria, however 

as the luminal content travels distally in the colon and becomes firmer, mucin exhibits 

"layering” into a bacteria-rich layer coating the stool, and a sterile layer separating the 

epithelium from the stool.175 It is therefore likely biofilm formation and degradation varies 

anatomically within the colon, which could also explain with right-sided AD typically runs a 

milder clinical course. 

Faecalibacterium is another genus containing only one species (Faecalibacterium 

prausnitzii), and is one of the most important gut commensals, accounting for up to 5% of the 

intestinal microbiome.176 Generally, it is considered an anti-inflammatory gut microbe, which 

contradicts the findings of the current study where increased abundance was associated with 

more severe (complicated) AD. Interestingly, for Crohn’s disease (CD), abundance of 

Faecalibacterium has consistently been found to be lower in patients with CD,177,178 as would 

be expected given its anti-inflammatory properties. However, when exclusive enteral 

nutrition (EEN) is used to induce remission in CD, a clinical response to EEN is 

paradoxically associated with further depletion of this (usually) anti-inflammatory 

microbe.178,179 This suggests that the abundance of Faecalibacterium in isolation doesn’t 
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necessarily correlate with protection against inflammation. Therefore, it could be deduced 

that in patients with CD, F. prausnitzii either loses its anti-inflammatory properties, or may 

potentially even be pro-inflammatory, in contrast to what is understood of its role in the 

healthy GI tract.  

An additional consideration for finding microbiome alterations associated with AD is 

whether the samples that were taken at the time of AD are representative of an individual’s 

long term intestinal microbiome, or whether the active episode of AD induces changes in 

composition which may or may not revert to baseline once the diverticular inflammation 

subsides. It has been shown that events in an individual’s life may induce permanent changes 

in the gut microbiome. This was demonstrated in a study of patients undergoing bariatric 

surgery, with or without prophylactic appendicectomy at the time of surgery. The authors 

used 16S rRNA gene sequencing to assess the gut microbiome 8-12 years later and found that 

the patients who received prophylactic appendicectomy had significantly reduced diversity of 

their gut microbiome a decade later compared to those where the appendix was left in situ.180 

A corollary to this is whether microbiome alterations are causative in the inflammatory 

process or merely associated. For example, Lupp et al demonstrated using a murine model 

that host-mediated inflammation of the GI tract resulted in changes to the intestinal 

microbiome, suggesting microbiome changes were reactive to the underlying inflammatory 

condition rather than implicated in its pathogenesis.181 To be able to confirm this with 

certainty for AD would require a longitudinal study of patients diagnosed with asymptomatic 

diverticulosis, undergoing serial microbiome assessments over many years of follow up. 

Given that AD would be expected to develop in only about 5% of such individuals, the 

number of participants required to obtain significant results make such a study unfeasible. 

A greater understanding of how the intestinal microbiome influences AD has important 

clinical utility. Firstly, being able to identify individuals with asymptomatic diverticulosis 

who have a “diverticulitis-prone” microbiome composition could lead to manipulating this by 

using probiotics or similar, to reduce the risk of going on to develop AD. Secondly, after 

patients have an episode of AD, being able to accurately predict who was likely to suffer 

recurrent attacks would aid decision making about elective colonic resection to avoid future 

problems. 

The strengths of this study include the requirement for imaging confirmation for the 

diagnosis of AD and the large sample size (relative to the published literature). The main 
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limitation is having microbiome samples obtained only during the acute hospital admission, 

which gives a snapshot in time of the individuals intestinal microbiome which may 

potentially not reflect their long-term composition. Potential long-term variations in the 

microbiome are an important area of future study. A limitation of microbiome evaluation 

techniques currently available is the depth of resolution. 16S rRNA gene sequencing provides 

vast information about microbiome composition to the genus level but is less able to delineate 

variation at the species level.  

In conclusion, the current study has shown there are differences in the intestinal microbiome 

related to AD. Compared to a control population, patients with AD had reduced diversity, and 

varying abundances of multiple genera. Similarly, when comparing complicated AD to 

uncomplicated AD there were differing abundances of several genera, and individuals who 

were undergoing a recurrent episode of AD had reduced abundance of some genera when 

compared to individuals having their first attack. These findings support the hypothesis that 

alterations in the intestinal microbiome are implicated in the pathogenesis of an individual 

with diverticulosis going on to develop acute diverticulitis. A greater understanding of these 

differences, and their resulting clinical applications are exciting areas for future study. 
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Chapter Four: Diverticular Disease of the Right Colon – 

A Review of the Clinical Presentation, Pathophysiology 

and Management Compared to Left-Sided Disease 
 

Introduction 

Diverticulosis of the colon is a common finding in the Western world. Most patients will 

remain asymptomatic throughout their lifetime, with the diagnosis only being made as an 

incidental finding at endoscopy or on cross-sectional imaging. A proportion of patients will 

become symptomatic with complications of diverticulosis such as acute diverticulitis (AD) or 

bleeding. 

The distribution of diverticula throughout the colon shows marked geographic variation. The 

traditional belief is that in the West it is predominantly left-sided, affecting the sigmoid colon 

in older patients. In contrast, Asian countries show much lower rates overall but when 

diverticula are present, they often affect the right-side of the colon of younger patients. Our 

understanding of the pathogenesis of diverticula formation has moved from being centred 

around the fibre hypothesis proposed by Painter in the 1970’s,182 to being a complex 

interaction of genetic predisposition, connective tissue degradation and multiple lifestyle 

influences.156  

Multiple surgical specialty societies have developed clinical practise guidelines for the 

management of diverticular disease and its complications.183-187 These guidelines are 

produced in Western countries where diverticular disease is highly prevalent. As Western 

populations are affected predominantly by left-sided disease, this form of diverticular disease 

underpins most of the evidence base. With the observed geographic differences in clinical 

presentation, it is unclear whether recommendations from left-sided disease can be 

extrapolated to right-sided disease. Therefore, the aim of this chapter is to compare aspects of 

the presentation, management, and outcomes of right-sided diverticular disease to that 

affecting the left colon. For the purposes of this discussion right-sided diverticulosis refers to 

diverticula within the caecum, ascending, or transverse colon proximal to the splenic flexure, 

unless otherwise stated by the individual study cited. 
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Epidemiology of right-colonic diverticulosis 

Bong et al state that “two features dominate the epidemiologic profile of diverticulosis – 

geography and age”.188 The prevalence of right-sided colonic diverticulosis (RCD) varies 

markedly. 

 As diverticulosis is asymptomatic in the majority, establishing the prevalence in a population 

remains challenging. The prevalence reported varies not only with the population being 

studied, but also with the modality used for diagnosis. Cross-sectional imaging is generally 

considered to have higher sensitivity for the detection of diverticulosis compared to 

endoscopy.189 However, such imaging is mostly performed in patients with abdominal 

symptoms of some description resulting in selection bias. In contrast, colonoscopy is 

commonly used in asymptomatic patients for colorectal cancer screening, resulting in large 

datasets of asymptomatic patients from which to estimate the prevalence. A limitation of 

colonoscopy is the potential for missing diverticula obscured by haustral folds.190 Perhaps 

more importantly, since diverticulosis can be such a common finding at colonoscopy it may 

be considered “normal” by the endoscopist and omitted from the procedure report. This may 

result in underestimation of the true prevalence from large colonoscopy datasets.191 

Regardless of the method of diagnosis, there are clear geographic differences seen in the 

prevalence of RCD. 
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Table 4.1. Studies reporting population prevalence of right-sided diverticulosis. DCBE, 

double contrast barium enema 

 

Western countries 

Diverticulosis is reported to be present in upwards of 70% of the population by the 8th decade 

of life, however this is predominantly left-sided diverticulosis (LCD).189  

Most Western studies report LCD to account for over 90% of diverticulosis, and there is 

clearly increasing incidence with advancing age.189,203  

A recent large study by Peery et al reviewed 271,181 screening colonoscopies in the United 

States, confirming these findings.204 They found that the prevalence increased with age in 

men and women of all ethnicities. In the 40-49-year age group diverticulosis was identified in 

27% of men and 21% of women. In the 80+ years age group, this increased to 72% for both 

genders. Interestingly, they found that the higher prevalence in males was consistent across 

Study Year Country Diagnostic 
Modality 

n= Total 
diverticulosis 

Right-
sided 

Left-
sided 

Bilateral 

         

Kubo et al192 1983 Japan DCBE 12,505 969 (7.8%) 745 
(6.0%) 

126 
(1.0%) 

108 
(0.9%) 

Lee et al193 1986 Singapore Autopsy 1,014 194 (19.1%) 141 
(13.9%) 

34 
(3.4%) 

19 
(1.8%) 

Nakada et 
al194 

1995 Japan DCBE 6,849 1,074 (15.7%) 743 
(10.8%) 

143 
(2.1%) 

188 
(2.7%) 

Song et al195 2010 Korea Colonoscopy 848 103 (12.1%) 87 
(10.3%) 

9 
(1.1%) 

7 (0.8%) 

Fong et al196 2011 Singapore DCBE 1,663 751 (45.2%) 597 
(35.9%) 

297 
(17.9%) 

169 
(10.2%) 

Nagata et 
al197 

2013 Japan Colonoscopy 2,164 542 (25.0%) 271 
(12.5%) 

112 
(5.2%) 

159 
(7.3%) 

Lohsiriwat et 
al198 

2013 Thailand DCBE 2,877 820 (28.5%) 641 
(22.3%) 

383 
(13.3%) 

98 (3.4%) 

Faucheron et 
al199 

2013 France Colonoscopy 796 318 (40.0%) 103  
(12.9%) 

215 
(27.0%) 

63 (7.9%) 

Nagata et 
al200 

2014 Japan Colonoscopy 28,192 6,150 (20.3%) 2,861 
(10.1%) 

1,470 
(5.2%) 

1,631 
(5.8%) 

Tanaka et 
al201 

2016  Japan Colonoscopy 5,145 1,539 (29.9%) 780 
(15.2%) 

759 
(14.8%) 

Not 
stated 

Hong et al202 2016 China Colonoscopy 63,034 1248 (2.0%) 1065 
(1.7%) 

136 
(0.2%) 

47 (0.1%) 

Bong et al188 2020 South 
Korea 

Colonoscopy 1,316 115 (8.7%) 105 
(8.0%) 

24 
(1.8%) 

14 (1.0%) 
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all age groups until the age of 70 when the gender difference evens out. Given the time taken 

for diverticulosis to develop, they postulate that endogenous ovarian steroid hormones reduce 

the risk of developing diverticulosis, and this protective effect is lost following menopause. 

This study also found ethnic variation in the colonic distribution of diverticulosis. Non-

Hispanic Black patients were 1.53 times more likely than Caucasian patients to have any 

RCD, and 2.47 times more likely to have RCD only.  

 

 

 

Figure 4.1. Prevalence of diverticulosis (any location within the colon) on screening 

colonoscopy stratified by age, gender, and ethnicity. Reproduced with permission from Peery 

et al.204 

 

A further important finding from the Peery study was the incidence of RCD with age. Since 

first described in 1912,205 a common misconception is that right colonic diverticula are 

congenital, “true” diverticula that involve all three layers of the bowel wall (i.e., mucosa, 

submucosa, and muscle layer) in contrast to left-sided lesions that are acquired “false” 

herniations of the mucosa and submucosa through the muscular coat. This study analysed the 

finding of RCD into subgroups of “any RCD” (i.e., Patients who had RCD but may or may 

not have concurrent LCD) and “only RCD” (those with no LCD). Patients with only RCD did 

not show an increasing incidence with age, being present in only 1% of individuals aged 40-
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49 and those 80+. In contrast, patients with any RCD had an increasing incidence with age 

rising from 5% in the 40-49-year age group to 16% in the over 80’s (OR 4.34, 95% CI 3.80-

4.95). These findings suggest that while a proportion of RCD are congenital, the majority are 

acquired and represent the same pathological process as LCD migrating proximally in the 

colon. 

Other Western studies report varying rates of diverticulosis. De Cecco et al reviewed 1091 

CT Colonography studies performed in Italy and found diverticulosis in 51.6% of patients’ 

overall.206 Diverticula were found in the caecum, ascending and transverse colons of 9.6%, 

13.1% and 12.7% respectively. The prevalence of RCD again increased with age. A further 

Italian study by Dore et al reported a much lower rate of diverticulosis at 19% overall, with 

RCD in only 2%.207 However, this study used colonoscopy rather than cross-sectional 

imaging as the diagnostic modality, and the authors defined diverticulosis as the presence of 

five or more diverticula therefore patients with few diverticula will have been 

underrepresented.  Faucheron et al looked at 796 consecutive French patients undergoing 

colonoscopy.199 Diverticulosis was found in 40%, and of patients with diverticulosis a third 

had RCD. The overall prevalence of RCD was 25% by 75 years of age. The authors suggest 

that based on their findings, the prevalence of RCD in western countries is likely 

underestimated. 

A result reported in Table 4.2 worthy of further discussion is that of Mehrzad et al.208 This 

study from American authors reviewed 207 Vietnamese patients residing in Boston having 

their first screening colonoscopy and compared the findings to those of 299 Caucasian 

patients during the same period. When limited to the 207 Vietnamese participants the 

prevalence of RCD and bilateral diverticulosis was 31.1% and 18.4% respectively. In the 

Caucasian patients forming a control group nearly 85% of these patients had LCD, compared 

to only 3.0% with RCD. 
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Study Year Country Diagnostic 
Modality 

n= Right-
sided 

 

Left-
sided 

Bilateral 

Kubo et al192 1983 Japan DCBE 969 76.1% 12.9% 11.0% 

Sugihara et al209 1984 Japan DCBE 615 69.8% 15.9% 14.3% 

Lee et al193 1986 Singapore Autopsy 194 72.7% 17.5% 9.8% 

Nakada et al194 1995 Japan DCBE 1,074 69.2% 13.3% 17.5% 

Takano et al210 2005 Japan DCBE 82 47.6% 6.1% 46.3% 

Song et al195 2010 Korea Colonoscopy 103 84.5% 8.7% 6.8% 

Fong et al196 2011 Singapore DCBE 751 60.5% 17.0% 22.5% 

Nagata et al197 2013 Japan Colonoscopy 542 50.0% 20.7% 29.3% 

Lohsiriwat et al198 2013 Thailand DCBE 820 53.3% 20.1% 26.1% 

Faucheron et 
al199 

2013 France Colonoscopy 318 12.6% 67.6% 19.8% 

Nagata et al200 2013 Japan Colonoscopy 6,150 48.0% 24.7% 27.4% 

Mehrzad et al208 2015 USA Colonoscopy 506 14.6% 70.1% 14.6% 

Tarao et al211 2015 Japan DCBE 113# 44.3% 30.7% 25.0% 

Tanaka et al201 2016 Japan Colonoscopy 1,539 50.7% 49.3% Not 
stated 

Dore et al207 2016 Italy Colonoscopy 841 2.0% 71.6% 14.4% 

De Cecco et al206 2016 Italy CT Colonography 561 35.4% 64.6% Not 
stated 

Hong et al202 2016 China Colonoscopy 1248 85.3% 10.9% 3.8% 

Wong et al212 2016 Brunei Colonoscopy 479 39.5% 31.7% 28.8% 

Peery et al191 2016 USA Colonoscopy 260 18.0% 82.0% Not 
stated 

Sharara et al213 2018 Lebanon Colonoscopy 224 5.8% 67.4% 22.8% 

Yang et al214 2018 China Colonoscopy 1045 72.9% 11.9% 15.2% 

 

Table 4.2. Prevalence of right-sided diverticulosis expressed as a proportion of cases who had 

any diverticulosis identified. DCBE, double contrast barium enema 

 

Asian countries 

The overall prevalence of diverticulosis in Asian countries is much lower than that seen in the 

West, however RCD dominates. Table 4.1 shows rates of 2-45% overall with RCD being 

found in over a third of patients in Singapore,196 though most Asian studies report RCD to be 

found in the range of 10-15% of individuals. When considered as a proportion of individuals 

with diverticulosis, the majority have right sided or bilateral diverticula (Table 4.2). Like the 

West, the prevalence of diverticulosis has been increasing in recent years.188,195,197,214,215   
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Pathophysiology and risk factors for right-colonic diverticulosis 
 

Right sided diverticula – are they congenital or acquired? 

A diverticulum of the caecum was first described by Potier in 1912.205 With the tendency of 

RCD to affect younger patients, they are frequently considered to be congenital, solitary, and 

true diverticula affecting the full thickness of the bowel wall.  Amounting evidence 

demonstrates an increasing prevalence with advancing age which contradicts this hypothesis.  

Similarly, several studies have shown histologically, that right-sided diverticula are a mix of 

true and false diverticula. Hughes et al carried out an autopsy study in Australia where 24 

colons with caecal diverticulosis had histopathological examination.216 Five of these patients 

had primary caecal diverticula with no diverticulosis elsewhere in the colon. Microscopically 

all caecal diverticula proved to be false diverticula. Similar findings were found in a 

Singaporean autopsy study where 194 patients with diverticulosis had false diverticula when 

examined microscopically. This included 39 patients who had a solitary diverticulum.193 

Graham et al reviewed the American experience of caecal diverticulitis.217 Of 128 cases with 

histology available, 59% of caecal diverticula were false diverticula. They also found among 

288 patients, 81% of caecal diverticula were solitary with 19% multiple. A Japanese study of 

over twelve thousand barium enemas found the inverse, with 20% of right-sided diverticula 

being solitary.192 

Further evidence to support RCD being an acquired condition comes from Takano et al in 

Japan.210 They studied 84 patients who had consecutive barium enemas at least ten years 

apart, assessing the number and distribution of diverticula within the colon. They found that 

initially diverticula are predominantly on the right-side, they then tend to strongly increase in 

number on the right side as well as become bilateral over time. 

While many textbooks still convey the theory of RCD being congenital solitary true 

diverticula, there is significant direct and epidemiological evidence to counteract this. It is 

most likely that RCD represents two distinct processes. A proportion of RCD will be 

congenital; however, it is increasingly evident that RCD is an extension of the same process 

that causes LCD. 
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Dietary fibre intake and the role of raised intraluminal pressure 

In the 1970’s Painter reported diverticulosis to be a disease of Western society, based on a 

study finding much lower rates of diverticulosis in African population compared to that of the 

United States.182 This was ascribed to differences in the intake of insoluble dietary fibre 

influencing the development of diverticulosis. Reduced dietary fibre in western populations 

results in reduced stool bulk and firmer stools, therefore, to propel the stool distally in the 

colon higher intraluminal pressure must be generated. This higher pressure results in 

herniation of the mucosa/submucosa through points of weakness in the muscle coat, and thus 

a diverticulum is formed. 

This theory remained surgical dogma for decades, but more recently has been challenged.218 

Current understanding of the pathophysiology of diverticulosis is that it is a multifactorial 

process secondary to connective tissue degeneration in a genetically susceptible individual.219 

An important factor driving the fibre hypothesis was that diverticulosis is commonly seen in 

the sigmoid colon, where stool is firm and the lumen narrow. In contrast, the right colon 

contents are more liquid, and its lumen is larger, and therefore, according to the law of 

Laplace, the peak wall tension generated will be lower. 

An early study by Sugihara et al in Japan measured the intraluminal pressure in thirteen 

patients with RCD compared to ten healthy controls.220 At resting state, the RCD patients had 

greater colonic motility than controls. After administration of intravenous neostigmine higher 

pressure peristaltic contractions were generated and the increase in colonic motility was 

exaggerated compared to the control group. They concluded that high intraluminal pressure 

and abnormal motility does play a role in the pathogenesis of RCD. Similar conclusions were 

reached by a further Japanese study with similar methodology.221 

While evidence is accumulating disproving the Painter hypothesis for diverticulosis in 

general, data specific to the influence of dietary fibre for RCD and/or Asian populations is 

lacking. Bong et al from Korea performed a case-control study evaluating the influence of a 

vegetarian diet on likelihood of diverticulosis at screening colonoscopy.188 The vegetarian 

group was comprised of Buddhist monks, who are obligatory lifelong vegetarians for spiritual 

reasons (thus avoiding recall bias or previous exposure to non-vegetarian diet), compared to a 

non-vegetarian control group. They found 6.1% of Buddhist monks had RCD, which was 

significantly lower than 9.9% seen the control group. On multivariate analysis a non-

vegetarian diet remained associated with significantly increased risk of RCD. 
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On the other hand, Song et al found no association between dietary fibre intake and the 

presence of diverticulosis on screening colonoscopy in a Korean population.195 Likewise, 

Nagata et al found no association with the presence of RCD and constipation/firm stool. 

Interestingly, for LCD they found a negative association between firm stool and presence of 

diverticulosis.222 

 

Gas production by intestinal bacteria as a cause of raised intraluminal pressure 

Methane gas has been reported to delay small intestinal transit and increase intraluminal 

pressure. Elevated intraluminal pressure has been hypothesised to lead to diverticulosis as 

described above. Jang et al tested the hypothesis that methane gas production increases 

intraluminal pressure in the right colon, which may predispose to the development of RCD.223 

Methanogenic bacteria and archaea convert lactulose into methane gas. The study performed 

lactulose breath testing on thirty patients with RCD, compared to 30 healthy controls. The 

authors did not find a significant difference in the rate of methane or hydrogen gas production 

between the two groups, therefore concluded fermented colonic gas was unlikely to be 

implicated in the pathogenesis of RCD. 

 

Genetic influences are likely to be particularly important in the development of right sided 

diverticulosis 

For diverticulosis in general the evidence for genetics influencing its pathogenesis is 

accumulating.224 Based on twin studies, genetic variation is thought to account for 40-50% of 

an individual’s risk of diverticulosis.225,226 As well as information gathered from twin studies, 

connective tissue disorders such as Marfan or Ehlers-Danlos syndromes with well-defined 

genetic mutations have predisposition to diverticulosis.224,227 

When considering the pathophysiology of RCD alone, the role of genetic influences is likely 

to be even greater. Such marked variation in the prevalence of RCD between Asian and 

Western countries will undoubtedly be attributable to variations in lifestyle. However, even 

within a given geographic area there are ethnic differences in prevalence observed, which 

suggests lifestyle influences do not account for all this difference.  

Peery et al report the findings of 271,181 screening colonoscopies performed at multiple 

centres in the USA.204 They found Asian or Pacific Islanders were more than three times 
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more likely to have only RCD, with a smaller but still significantly increased risk of RCD in 

Black individuals when compared to the Caucasian reference population. Similarly, in a study 

of Barium enemas performed in Singapore, all ethnicities appeared to have a similar risk of 

LCD, whereas ethnic Chinese patients appeared particularly susceptible to RCD.196 Perhaps 

the strongest support for a strong genetic influence in the development of RCD is how 

Japanese, who emigrate to Hawaii and adopt a western lifestyle, maintain a similar pattern of 

RCD to those who remain in mainland Japan.228 Song et al hypothesise that the higher rate of 

RCD seen in Asians is due to a structurally weaker right colon, which may be explained by 

genetic factors.195 Martel et al support this concept, postulating genetic influences may have a 

greater effect on the development of diverticulosis in Asian compared to Western 

populations.229 

In general, highly prevalent conditions are due to complex interactions of multiple genes, 

rather than a single causative mutation. Therefore, it is unlikely that diverticulosis is 

attributable to a single genetic fault. Progress has, however, been made in identifying gene(s) 

implicated in its development. Choe et al performed a genome-wide association study of 

RCD in a Korean population.230 They performed genomic analysis on patients having 

comprehensive health checks who were also undergoing screening colonoscopy, comparing 

genomic aberrations against the presence or absence of RCD at colonoscopy. They identified 

nine single nucleotide polymorphisms (SNPs), within or adjacent to three potential candidate 

genes (WNT4, RHOU and OAS1/3 genes). These three genes could conceivably play a role in 

the development of RCD based on their known functions. WNT4 is involved in vascular 

smooth-muscle cell proliferation, while the RHOU gene plays a role in mediating WNT 

signalling pathways. The OAS gene products are induced by interferon and may play a role in 

the mucosal response to gut bacteria and low-grade inflammation. 

 

 

 

Alterations in the enteric nervous system and structural changes within the colonic wall 

Tomita et al performed an in vitro study examining the functional differences of the enteric 

nervous system of both right and left colons, with and without diverticulosis.231 Measuring 

muscular contractions before and after cholinergic or adrenergic blockade. They found colons 

with diverticulosis showed significantly stronger cholinergic contractions compared to 
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normal controls regardless of laterality. They concluded that cholinergic (stimulatory) nerves 

dominate in colons with diverticulosis, in contrast to non-adrenergic, non-cholinergic nerves 

dominating in normal colons. The findings lend support to higher intraluminal pressure 

caused by colonic segmentation being present in diverticular colons. This functional result of 

high intraluminal pressure in colons with RCD agrees with in vivo findings originally 

demonstrated by Sugihara in the 1980’s.220 Additional support for enteric nervous system 

changes comes from Hildebrand et al. They reviewed sixteen ascending colons resected for 

diverticular disease, seven of which had hypo- or aganglionosis suggestive of “Intestinal 

neuronal dysplasia”, which is sometimes seen in patients with chronic constipation. The 

authors comment that it is unclear, however, whether these observed changes are a primary 

cause or a secondary phenomenon of RCD.232 

Thickening of the colonic muscular wall is a common finding in LCD.156 Two small historic 

studies describe conflicting findings for RCD. Lee et al described autopsy findings of 194 

patients with diverticulosis in Singapore.193 Thickening of the muscular wall was not 

apparent grossly in RCD but was often obvious and marked in LCD. In contrast, Murayama 

et al examined surgical specimens with RCD, measuring the muscular wall thickness.233 Over 

half had thickening of the taeniae and almost two-thirds had hypertrophy of the inner circular 

muscle layer. It appears that the changes in collagen and elastin composition of the colon wall 

are less important in RCD than they are in LCD. 

 

 

Obesity as a risk factor for right sided diverticulosis and the development of acute diverticulitis 

Obesity is a well-defined risk factor for development of LCD, however, data specific to RCD 

are few and conflicting. Yamada et al performed colonoscopy on 215 Japanese patients and 

report patients with RCD to be significantly less likely to be obese than those who had 

LCD.234 However, this study was focussing on obesity as a risk factor for developing 

diverticulitis in patients with RCD compared to those with LCD. Therefore, it lacked a 

control group of individuals with normal colons to make comparison.  

Song et al found no association between BMI and RCD in 848 patients undergoing 

colonoscopy.195 In contrast, Nagata et al assessed visceral adiposity on CT for 1445 Japanese 

patients undergoing colonoscopy.235 They found that increasing abdominal adiposity area was 

associated with RCD even in normal bodyweight individuals (note that this finding was also 
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true for LCD). With the limitations in describing the prevalence of RCD it is unsurprising 

that defining its association with obesity has proved challenging.  

More thoroughly investigated is the influence of obesity on developing AD in patients with 

RCD. A recent meta-analysis addressed this topic and found no association between obesity 

and the development of right-sided acute diverticulitis among 1252 patients across four 

studies.236 

 

 

Other lifestyle factors and their risk of right sided diverticulosis 

Like obesity, robust evidence for the influence various lifestyle factors on the development of 

RCD is lacking. The role of such factors in the development of AD in patients with RCD is 

often better defined. 

Smoking 

From Western countries with predominantly left-sided disease, smoking increases the risk of 

both diverticulosis and AD.237 Smoking does not appear to significantly increase the risk of 

developing RCD.188,238 However, the likelihood of developing right-sided acute diverticulitis 

is elevated in smokers and may also increase the likelihood of complicated diverticulitis.236,239 

Alcohol 

Alcohol consumption has been shown to be a risk factor for RCD in studies from Korea and 

Japan,195,197 with the Japanese study197 reporting alcohol consumption to be a risk factor for 

RCD but having no association with LCD. Similarly, Sharara et al found an association for 

diverticulosis overall, however, did not perform specific analysis for the RCD subgroup.240  

Perhaps the best evidence for the association of alcohol intake with the development of any 

diverticulosis comes from the USA where Aldoori et al examined lifestyle factors in 47,678 

men. Alcohol intake showed a nonsignificant trend toward an association with 

diverticulosis.241  

Dietary factors other than fibre intake 

Dietary contributors other than insoluble fibre intake have also been considered. When 

adjusting for confounding effects of obesity or fibre intake, a diet rich in red meat or fat may 

increase the likelihood of RCD.195,238 
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Clinical manifestations of right-colonic diverticular disease 
 

Acute diverticulitis 

Due to the variable and often unknown prevalence, the lifetime risk for an individual with 

RCD developing AD is difficult to establish but is estimated to be around 15%.242 Not 

unexpectedly, the rate of right-sided AD as a proportion of AD overall varies worldwide. In 

Western populations right-sided AD accounts for 1-5% of AD.243-246 In contrast, in Asia 

where RCD is prevalent, 82-91% of cases of AD can be expected to be right sided.247-249 

 

Clinical presentation of right-sided acute diverticulitis 

Right-sided AD typical presents with gradual onset abdominal pain in the right lower 

quadrant, worsening in severity. There may be associated nausea and vomiting, or systemic 

upset. Compared to left-sided AD, these patients are typically younger; up to 50% of patients 

are under 30-years old and in a series from Singapore, 69% of patients were under 40.250,251 

The clinical presentation of a young person with an inflammatory process in the right lower 

quadrant means patients with AD are frequently misdiagnosed as having appendicitis.248,252 

Differentiating right-sided AD from acute appendicitis can prove challenging. Nausea and 

vomiting may be less frequent with AD,253,254 pain is less likely to be migrating in nature and 

may be of longer duration.252,254 White cell count and serum C-reactive protein (CRP) are 

usually elevated, and a raised CRP may be more likely in AD compared to acute 

appendicitis.252,255 Several case series report a slight male predominance.256,257 

 While these features may differentiate between the two conditions when comparing groups 

of patients, when faced with an individual it is much less clear. Bahabozorgui et al 

highlighted the diagnostic challenges of right-sided AD when reviewing the literature in the 

1960’s, and unfortunately little has changed since.258 At present there are no accurate clinical 

prediction tools available to guide diagnosis, for example the Alvarado score has been shown 

to be unhelpful in discriminating between the two.259 However, imaging can prove 

particularly useful in securing a correct diagnosis. 
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Table 4.3. Final diagnoses from 8814 consecutive patients presenting with right lower 

quadrant pain to a single centre in South Korea. Reproduced with permission from Park et 

al.260 

 

Young patients with a clinical presentation consistent with acute appendicitis will frequently 

progress to surgery without pre-operative imaging confirmation of the diagnosis. With the 

difficulty discriminating between this and right-sided AD, the diagnosis of AD is frequently 

only made at time of operation.249 

The likelihood of a patient presenting with the above symptoms having AD rather than acute 

appendicitis not surprisingly varies with the underlying population prevalence of RCD. The 

ratio of cases of right-sided AD to acute appendicitis has been reported to be as high as 1:2.9 

in Korea254 but is lower in series from the Netherlands (1:34),261 Germany (1:73),232 and other 

Western countries (1:150).262 
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Relative severity and classification of right-sided acute diverticulitis 

Disease severity 

Right-sided AD is often reported to be less severe and run a more benign course compared to 

left-sided AD.  

Complicated AD, defined as evidence of perforation, abscess, obstruction or fistula is 

consistently reported to be less common in right-sided AD. Complications are seen in 2.8% to 

11.3%.257,263-266 In contrast, complicated AD accounts for approximately 20% of left-sided 

AD in the same populations.236 

Classification systems 

The most widely used classification system is the Hinchey classification or a modified 

version of.267 Alternative classification or staging systems specific for right-sided AD have 

been described but are not widely used, such as that by Graham who attempts to classify 

caecal diverticulitis into “usual” or “hidden” types depending on whether the culprit 

diverticulum is obvious or obscured within inflammatory phlegmon.217 

 

 

Imaging and its role in diagnosis of right-sided acute diverticulitis 
 

Computed Tomography 

Computed tomography (CT) is widely used in the workup of abdominal pain and staging of 

left-sided AD, where findings of abscess or extraluminal gas can be associated with failure of 

medical treatment.268  

CT findings for diverticulitis include an identified diverticulum with localised thickening of 

the colonic wall to >5mm, pericolic fat stranding with or without abscess formation and/or 

extraluminal air or radiographic contrast.239 For right-sided AD, CT is the gold standard 

imaging modality because of high sensitivity and specificity as well as its ability to identify 

alternate diagnoses (Lee IK 2008). 

Kim et al attempted to define CT characteristics predictive of failure of nonoperative 

treatment for right-sided AD.268 They reviewed the CT scans of 328 patients presenting with 
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AD, of whom 319 were successfully managed nonoperatively. Of the nine patients who 

underwent surgery (eight right hemicolectomy, one ileocaecal resection) only the “spilled 

faeces sign” (OR 111) and serum white cell count (OR 1.3) were independent predictors of 

the need for surgery. The spilled faeces sign was defined by the authors as an amorphous 

extraluminal mass mottled with gas bubbles, resembling the appearance of intraluminal 

faeces. Interestingly, this study found that in contrast to left-sided AD, the presence of an 

abscess was not associated with need for surgery. It was however associated with prolonged 

hospital stay (as was finding an inflamed diverticulum >2cm). 

 

Ultrasound 

Abdominal ultrasound (US) is an alternative imaging modality to CT and has the benefit of 

avoiding ionising radiation and intravenous contrast. The sonographic findings of right-sided 

AD are the same as on CT and include: 

• Presence of diverticula 

• Colonic wall thickening 

• Inflammatory pericolic fat 

• Pericolic abscess 

The sonographic appearances of diverticula may vary from hypoechoic to hyperechoic, with 

or without internal acoustic shadowing. Min et al compared the performance of US to that of 

CT in 183 Korean patients presenting with right lower quadrant pain who had US on 

admission, followed up with CT within 24 hours.269 They found for each of the four key 

findings the sensitivity, specificity, and accuracy for diagnosing AD were not significantly 

different between the modalities. The concluded that US can be as effective as CT for the 

diagnosis of right-sided AD, and CT is only required when US is inconclusive. Additional 

smaller series agree with the US findings, but further direct head-to-head comparison of 

modalities is lacking.261,270 While the Min et al study showed US to have useful diagnostic 

capabilities it should be noted that this study was done on a Korean population. While this 

study did not report on the prevalence of obesity it is a recognised limitation to US. The 

lower pre-test probability of right-sided AD, and the higher rates of obesity mean the utility 

of US is lower in a Western population. 
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Table 4.4. Diagnostic performance of US and CT for diagnosing right-colonic diverticulitis in 

183 patients with right lower quadrant pain, of whom 73 had diverticulitis. Reproduced with 

permission from Min et al.269 

 

Magnetic resonance imaging 

Magnetic resonance imaging (MRI) has also shown potential in small series, but stronger 

evidence of its diagnostic performance in right-sided AD is lacking.271,272  

Like US, it too has the advantage of avoiding ionising radiation so may be of particular use in 

pregnant patients. However, the usual limitations of MRI apply such as limited availability, 

cost, and longer examination time. 

 

Management of right-sided acute diverticulitis 

Acute diverticulitis places a significant burden on health resources in Western countries. As 

such, various specialty societies have produced clinical practise guidelines. However, these 

guidelines are usually based on evidence from studies of left-sided AD, and right-sided AD 

typically gets little, if any mention. A recent guideline by the World Society for Emergency 

Surgery states that all the recommendations for left-sided AD can be extrapolated to right-

sided AD.186 However, whether there is robust evidence to support this generalisation 

remains to be seen. The following will review the available evidence for various aspects of 

management of right-sided AD, with reference to current guidelines, and highlight any 

differences specific to right-sided AD. 
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Bowel rest/dietary restriction 

Remaining nil by mouth to facilitate bowel rest is a commonly reported treatment for a 

variety of gastrointestinal illnesses. For AD in general there is no evidence to support this 

practise,273,274 and current guidelines discourage it.185  

For right-sided AD in particular, many studies describe it as part of management,257,275-277 

however as for AD in general there is no evidence to support bowel rest resulting in improved 

outcomes therefore an unrestricted diet is recommended. 

 

Antibiotics: The ideal duration of treatment is uncertain, and they may not be required at 

all 

Duration of antibiotic therapy 

Evidence to make strong recommendations on the optimal duration of antibiotic treatment is 

lacking. Park et al performed an RCT with 176 patients comparing one versus four days of 

intravenous (+/- oral) antibiotics, then no further antibiotics on discharge.278 They found no 

significant differences in rates of treatment failure or recurrence during follow up of 32 

months. Not surprisingly the average length of stay was significantly lower in the one day of 

antibiotics group. With the above findings the authors question whether antibiotics are 

necessary at all for right-sided AD. 

Another Korean group performed a prospective cohort study comparing inpatient versus 

outpatient management in right-sided AD.277 The inpatient group received 7-10 days of 

intravenous antibiotics, whereas the outpatient group had four days of oral antibiotics only. 

They observed no significant differences in treatment failure or recurrence. The authors chose 

four days of antibiotics to be the minimum based on most patients reporting improvement 

within four days.  

 

Antibiotics versus observation alone 

Longstanding surgical dogma attributes AD to a microperforation of a diverticulum resulting 

in a colonic and pericolonic inflammatory reaction to extravasated gut bacteria, thus 

antibiotics have been an important element of treatment.  
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Greater understanding of the pathogenesis of AD has shown it to be more complex than this, 

and subsequently the role of antibiotics is being called in to question. Two robust randomised 

controlled trials showed that in immunocompetent patients with uncomplicated left-sided 

AD, antibiotics can be safely omitted with no significant increase in complications.279,280 The 

uptake of this into clinical practise has been relatively slow, but recent guidelines are now 

recommending omitting antibiotics in this scenario;185 however, other guidelines remain more 

conservative, suggesting that this approach is one that can be considered in selected 

patients.183,184 

Kim et al performed an RCT of 132 Korean patients with right-sided uncomplicated AD 

comparing standard antibiotic treatment to no antibiotics.281 There was no significant 

difference in treatment failure or length of stay between the two groups. The only significant 

difference was reduced total hospital costs in the no-antibiotic group. There have been no 

other RCT’s addressing this issue in right-sided AD. 

 

Need for hospitalisation 

Outpatient management of left-sided AD has been shown to be safe.282 There are no RCT’s 

addressing this for right-sided AD, however, two non-randomised studies suggest that well 

patients can be managed in the community without compromising safety or increasing the 

risk of recurrence. With the trend away from diet restriction and reduced emphasis on 

antibiotic therapy outpatient management has the potential for significant cost-savings. 

Mizuki et al observed 70 Japanese patients (of whom 61 had right-sided AD) with 

uncomplicated AD or a pericolic abscess no greater than 2cm in size. 68 out of 70 patients 

were successfully managed in the community.283 The authors also comment that the medical 

cost per episode was 80% lower than inpatient treatment. 

Park et al prospectively compared inpatient (n=63) versus outpatient (n=40) management of 

first episode right-sided AD (including abscess up to 3cm in size).277 Once the diagnosis was 

made on imaging patients were able to opt for inpatient or outpatient management 

themselves. There were no treatment failures and the recurrence rates during 21 months of 

follow up were similar. A major limitation of this study is the patient selecting their treatment 

arm, as there is a high risk of selection bias with the potential for less clinically unwell 

patients opting for community treatment. 
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Percutaneous drainage of collections 

As described previously, right-sided AD is typically less severe than its left-sided 

counterpart, consequently the rate of pericolic and/or distant abscess is significantly 

lower.257,263-266  

Of 359 patients with right-sided AD studied by Mizuki et al, ten had complicated disease.266 

Included in this subgroup were six cases with abscesses <5cm and two cases were abscesses 

>5cm (the others included free perforation). Only two of these patients underwent 

percutaneous drainage of collection under imaging guidance. This large series exemplifies 

how evidence for percutaneous drainage in right-sided AD is lacking because of its rarity, 

therefore it is reasonable to follow the same recommendations as for left-sided AD. 

 

Emergency Surgery for right-sided acute diverticulitis 

Surgery is rarely required for right-sided acute diverticulitis 

Published series report emergency surgery rates exceeding 20%, however a substantial 

proportion of these patients were operated on for a presumed diagnosis of acute 

appendicitis.246,264 This confounding problem of misdiagnosis means the rate of patients who 

need surgery to treat complicated right-sided AD is much lower.  

When the correct diagnosis is established preoperatively with imaging the rate of emergency 

surgical intervention is typically under 2%.281,284 

The indications for emergency surgery in right-sided AD include free perforation with 

generalised peritonitis, failure to improve symptoms despite antibiotic therapy or 

percutaneous drainage or suspected perforated malignancy. Even in the setting of 

complicated AD with evidence of extraluminal gas or small collections operative intervention 

is rarely necessary, and most patients will recover with antibiotics (with or without 

percutaneous drainage of abscesses). The authors of older studies advocate for aggressive 

surgical resection285,286, but many of the included patients predated advances in and 

availability of accurate preoperative imaging for diagnosis. 
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Operative approach in the emergency setting 

A variety of operative interventions for right-sided AD have been described, many of which 

are reported in relatively small case series where the diagnosis was not established 

preoperatively. Therefore, the preferred operative technique does not have a strong evidence 

base, with no level I evidence available. In cases where a diagnosis of right-sided AD has 

been made on imaging and the indication for surgery is one of those listed above, the general 

recommendation is right hemicolectomy. 

In patients having surgery for presumed appendicitis where a diagnosis of right-sided AD is 

made intraoperatively, operations described include (prophylactic) appendicectomy, excision 

of the culprit diverticula and primary closure of the colotomy (diverticulectomy), 

laparoscopic lavage and right hemicolectomy/ileocaecal resection.246,247,259,287 Sometimes a 

caecal mass is identified intraoperatively where there is uncertainty regarding malignancy. 

Chiu et al describe a novel technique they used in five cases where a bronchoscope was 

introduced via the appendix orifice to assess the caecal lumen and guide whether aggressive 

resection is warranted.288 

Park et al retrospectively compared the recurrence rate of 102 patients with right-sided AD 

who received antibiotic therapy, against 30 patients having emergent laparoscopic surgery 

(partial caecectomy in eight, diverticulectomy with prophylactic appendicectomy in nine, and 

appendicectomy alone in thirteen).260 Over a median follow up of 46 months, the recurrence 

rate was similar between the groups (6% vs. 7%, p=0.875), leading the authors to suggest 

surgical intervention did not offer benefit in terms of reducing recurrence. Historically, 

removing the appendix was recommended to avoid future diagnostic confusion arising from 

the traditional right lower quadrant incision used. However, now that most appendicectomies 

are performed laparoscopically, some authors argue there is no role for appendicectomy in 

this setting.289 

 

Laparoscopic versus open surgery 

While it has not been compared in an RCT in the setting of right-sided AD, many authors 

suggest laparoscopic surgery is preferable to open surgery, where appropriate skills and 

experience are available.290,291 This is in keeping with recommendations for left-sided AD.183-

187 
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The role of colonic evaluation following resolution of right-sided acute 

diverticulitis 
 

Historically, following resolution of an episode of acute diverticulitis colonic evaluation via 

colonoscopy (or CT colonography) was recommended to exclude potential misdiagnosis of 

colonic malignancy. Recent meta-analyses have called this practise into question.292,293 In the 

absence of other indications for colonoscopy, patients with high-quality imaging 

confirmation of uncomplicated diverticulitis have rates of malignancy or advanced polyps 

that are not significantly higher than a screening population. Despite these findings, routine 

colonic evaluation is still practised in many centres, particularly in North America and 

guidelines have been slow to update. For those with complicated disease or preceding bowel 

symptoms colonic evaluation is still recommended.  

 

Routine colonic evaluation following right-sided acute diverticulitis 

For right-sided disease the evidence is conflicting. Small studies from Asian centres state that 

the risk of malignancy/advanced polyps is low, therefore for patients under 50-years old, 

follow-up colonoscopy is not required.287,294  

Nakahara et al retrospectively reviewed the association between diverticulosis and neoplasia 

on more than five thousand colonoscopies in Japan.295 They found that the rate of colon 

cancer was higher in those patients with RCD, however the identified cancers were more 

likely to be left-sided. Similarly, Levine et al retrospectively reviewed colonoscopy findings 

for the presence and location of diverticulosis compared to adenomatous polyps.296 They 

found that for patients with right-sided diverticulosis there was a reduction in polyps found in 

the affected segment. 

A recent study by Lee et al reviewed the follow-up colonoscopies of 330 patients who were 

diagnosed with uncomplicated right-sided AD on CT.297 Similar to what has been observed in 

Left-sided AD, the rate of malignancy and advanced adenoma was low, found in only one 

(0.3%), and nine (2.7%) patients respectively. They concluded that although the risk of 

significant findings was low, routine colonoscopy should still be performed following 

confirmed uncomplicated right-sided AD. 
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Whether imaging can discern right-sided AD from an ascending colon/caecal malignancy is 

debated. Jang et al reviewed CT findings in right-sided AD in Korea.298 They found bowel 

wall thickness may vary markedly between 8-27mm and suggest that the degree of wall 

thickening may not be helpful in differentiating AD from neoplasia. In a later study, the same 

group specifically compared CT findings for histologically confirmed right-sided AD to those 

of colon cancer.299 After independent analysis of nineteen CTs with AD (compared to twenty-

one colon cancer controls) they found four parameters that can differentiate the two 

conditions: 

1. Inflamed diverticula 

2. Preservation of wall enhancement pattern 

3. Simple diverticula 

4. Wall thickness. 

Of the above, the first two findings were the most distinguishing features of AD on CT. The 

authors describe one of the limitations for CT differentiating between the two is the 

difference in orientation between the ascending colon and sigmoid (i.e., perpendicular versus 

parallel to CT slices). This can make interpretation of some findings seen in malignancy in 

suspected left-sided AD difficult to apply to the right side (e.g., shouldering of a mass lesion). 

Uzzaman et al correlated bowel wall thickening on CT with subsequent colonoscopy findings 

at the same site in 165 patients who had bowel wall thickening on CT.300 For the subgroup of 

caecum, ascending and transverse colons, 72 patients were identified with bowel wall 

thickening. Thirty-seven (51%) of these patients had a correlating endoscopic abnormality at 

that site, in sixteen (22%) the abnormality was cancer. In the other twenty-one patients the 

abnormality was adenomatous polyps or inflammation (e.g., Colitis). 

In summary, there is insufficient evidence to make definitive recommendations regarding the 

need for colonic evaluation to exclude malignancy after right-sided AD. However, given the 

limitations of CT imaging described above, and the relatively low pre-test probability of 

right-sided AD in Western countries it would seem prudent to err on the side of caution and 

perform colonoscopy once the acute episode has resolved. 
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Risk of recurrent episodes following right-sided acute diverticulitis 
 

The risk of recurrence following an episode of right-sided AD varies with length of follow up 

and is presented in Table 4.5. A recent meta-analysis of eleven studies showed a pooled 

recurrence rate of 12% at median follow up of 34 months.301 

Study Year n Emergency 
surgery (%) 

Elective 
surgery (%) 

Median 
follow up 

(mo) 

Recurrence 
rate (%)# 

Komuta et al275 2004 81 1 (1.2%) 2 (2.5%) 35 16 (20.5%) 

Yang et al302 2006 113 57 (50.4%) ‡ - 38 (mean) 11 (12.6%) 

Moon et al264 2007 62 15 (24.2%) ‡ - 24 2 (3.6%) 

Park et al276 2009 189 2 (1.0%) 2 (1.0%) 44 15 (8.2%) 

Matsushima et 
al249 

2010 110 10 (9.1%) 5 (5.0%) Not stated 8 (8.4%) 

Park et al263 2010 296 0 (0%) 0 (0%) 38 6 (2.0%) 

Kim et al303 2012 175 6 (3.4%) 0 (0%) Not stated 9 (5.1%) 

Park et al284 2014 469 0 (0%) 15 (3.2%) 59 74 (15.8%) 

Chung et al247 2016 167 10 (6.0%) Not stated Not stated 16 (9.6%) 

Kim et al268 2017 328 9 (2.7%) 0 (0%) 52 35 (10.9%) 

Mizuki et al266 2017 156 Not stated Not stated 80 (mean) 42 (26.9%) 

Ha et al265 2017 152 0 (0%) 0 (0%) 61 15 (9.9%) 

Schneider et 
al304 

2017 30 0 (0%) 0 (0%) 2.5 5 (16.7%) 

Courtot et al246 2019 93 19 (20.4%) 6 (6.5%) 33 7 (7.5%) 

Destek et al255 2019 22 3 (13.6%) ‡ - 24 4 (18.2%) 

Kim et al281 2019 125 1 (0.8%) ‡ - 14.7 and 
13.5 mean 

11 (8.8%) 

 

Table 4.5. Studies reporting the rate of recurrence following an episode of right-sided acute 

diverticulitis. # The recurrence rate is described for patients who did not undergo colonic 

resection (i.e., patients having appendicectomy or diverticulectomy were considered 

potentially susceptible to further episodes). ‡ Elective and acute surgery reported together. 

 

Predictors of recurrence or failure of treatment 

Kim et al attempted to define CT predictors of unfavourable clinical outcomes for right-sided 

AD.268 Pericolic abscesses were not associated with a higher likelihood of failure of 

nonoperative treatment and did not appear to increase the risk of recurrence. This adds 
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support to a nonoperative approach even in complicated right-sided AD. Interestingly, the 

only CT finding that was significantly associated with higher recurrence was the presence of 

five or more diverticula per 10cm of colon; such high density of diverticulosis increased an 

individual’s risk four-fold. High numbers of diverticula were also found to be a risk factor by 

Park et al in a similar study.284  

Risk of recurrence relative to left-sided acute diverticulitis 

Hall et al reviewed CT findings of 954 patients with AD, of whom 5% had right-sided and 

3% transverse colon AD.244 Multivariate analysis showed that location in the ascending colon 

was associated with a lower risk of recurrence than left-sided AD. Similarly, a recent meta-

analysis concurs with the suggestion of a lower risk of recurrence for right-sided AD. 

Hajibandah et al examined 2441 patients across eight studies and found the right-sided AD to 

have a significantly lower rate of recurrence than left-sided (OR 0.49).236 When recurrent AD 

does occur, it can be managed nonoperatively in most cases.265,281 

Role for elective surgery to prevent recurrence 

The role for elective surgery to prevent recurrence of left-sided AD has been reducing in 

recent years. Historically colonic resection was advocated for after two episodes of AD,305 

but current recommendations are that the need for colonic resection is considered on a case-

by-case basis.183-185 Certainly, the evidence provided above suggests that right-sided AD has 

a lower risk of recurrence, and most recurrences are of lower severity than the index case. 

Therefore, there is very limited role for elective colonic resection to prevent recurrent right-

sided AD. 

 

Diverticular bleeding 
 

Aside from acute diverticulitis, another complication arising from right-sided diverticula is 

bleeding. The true prevalence of diverticular bleeding is difficult to define; often it is a 

diagnosis of exclusion when no alternative cause for blood per rectum is identified.  

Diverticula are estimated to account for 27-33% of lower gastrointestinal bleeding, with a 

similar burden between Asia and the West.200,306 Based on the distribution of diverticula, 
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consensus describes diverticular bleeding more commonly arising from diverticula in the 

right colon, even in the presence of left-sided/bilateral diverticulosis.199,203,307 

In France, 3-15% of patients with diverticulosis are estimated to have an episode of 

diverticular bleeding, although an exact source is identified in <15%.199 The incidence of 

diverticular bleeding appears to be increasing. In a Japanese study of 28,192 patients 

undergoing colonoscopy, the annual bleeding rate went from 1.02% in 2003, to 1.67% in 

2011.308 

Diverticula occur at the site of vasa recta penetrating the muscle layer of the colonic wall, and 

bleeding is thought to occur because of mucosal ulceration and structural changes in the 

architecture of the blood vessel wall resulting in its rupture. The site of bleeding is most 

commonly from the dome of the diverticula rather than the neck.309 

Diverticular bleeding typically presents with an abrupt onset of significant volume of painless 

blood per rectum, with or without clots. In 70-90% of patients, spontaneous haemostasis 

occurs,199,310 and management centres on resuscitation and observation, followed later by 

investigation of the colon to exclude alternate diagnoses (such as colorectal cancer). In both 

Asia and the West, rebleeding occurs in 20-30% at one year, and up to 40% at two years.308 

The mortality attributed to diverticular bleeding is approximately 0.7-1.8%.311,312 

 

Management of diverticular bleeding 

Differences in management approach between East and West 

There are marked differences in the approach to management of diverticular bleeding 

between Asia and the West. As most lower GI bleeds will cease without intervention, in 

Western countries a standard approach is stabilisation with a period of observation, followed 

by diagnostic evaluation of the colon.310,313 In persisting or massive bleeding, CT 

angiography may be used to localize the bleeding source, with a view to angioembolisation or 

emergent segmental colonic resection. In massive colonic bleeding without a successful 

localisation of a source, patients may need to undergo total colectomy with formation of an 

end ileostomy. 

In contrast, Asian countries tend to be more aggressive in attempting to identify and treat the 

bleeding source with emergency colonoscopy. Emergent colonoscopy performed within 12-
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24 hours can identify a culprit bleeding source in 20-40% of cases.314 Once identified, various 

therapies have been described to achieve haemostasis and reduce the risk of re-bleeding.  

Endoscopic interventions include: 

• Injection of adrenaline 

• Thermal coagulation 

• Endoscopic clipping (which can be either “direct” or “indirect”) 

o Direct: placement of endoscopic clip directly over the bleeding vessel, i.e., 

within the diverticulum 

o Indirect: placement of endoscopic clip across the opening of the diverticulum 

to occlude it, resulting in tamponade within the diverticulum 

• Diverticulum inversion and band ligation 

The evidence for one technique over another is limited, based on small case series and 

heterogeneity of the skills and experience of endoscopists. However, in terms of achieving 

haemostasis, endoscopic band ligation appears to be more successful than conventional 

methods of injection, coagulation or clipping. For long-term reduction in bleeding risk, the 

data is not sufficient to draw such conclusions.308 

 

Figure 4.2. Endoscopic clipping of actively bleeding diverticulum. Reproduced with 

permission from Kaise et al.308 
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Summary and conclusions 

Diverticulosis of the colon is common, affecting a significant proportion of the population. 

Despite its prevalence, the pathophysiology remains incompletely understood. Recent 

developments are helping shed light onto why such marked geographic variations are seen in 

the prevalence and distribution of diverticula within the colon. Similarly, temporal trends in 

potential lifestyle influences are being seen, along with migration affecting the genetic pool 

of a population, which may help to explain the changes being seen. With the differences 

above and in their clinical manifestations, whether right-sided and left-sided diverticula are 

distinct entities, or a spectrum of the same process is likely to be debated for the foreseeable 

future. 

Most patients with diverticulosis remain asymptomatic and may not be aware they even have 

diverticula throughout their life. A small proportion will however go on to develop acute 

diverticulitis or diverticular bleeding. Unfortunately, at the present time, there are no clinical 

practise guidelines specific for symptomatic right-sided diverticular disease, so management 

is often extrapolated from evidence derived from left-sided disease.  

Acute diverticulitis of the right colon appears to have a more benign course, and a lower risk 

of recurrence compared to its left-sided equivalent. There is strong evidence to support that 

non-operative management will suffice for most patients, however, the challenge of 

discriminating this diagnosis from acute appendicitis means many patients are subjected to 

unnecessary surgical intervention. 

Diverticular bleeding is also common, and despite most diverticula worldwide residing in the 

left side of colons, the diverticula that bleed are predominantly on the right. There are marked 

differences in the approach to managing this condition between Asia and the West. 

With the increasing incidence, advancing diagnostic technology and era of big data, it is 

hoped that the understanding of the entity of right-sided diverticular disease will improve in 

the future. Such understanding will help discern what aspects of diverticular disease in 

general are specific to the right-side, enabling optimal clinical management. 
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Chapter Five: The Prevalence of Right-sided Colonic 

Diverticulosis in a New Zealand Population 
 

Introduction 

As discussed in chapter four, the prevalence and anatomical distribution of colonic 

diverticulosis shows marked ethnic and geographic variation. It is a common finding in 

Western countries, increasing in prevalence from around 10% of individuals aged 30-40-

years old, to 70% in those aged 70-80.189,204 In the West, diverticulosis mostly affects the left 

side of the colon, particularly the sigmoid. Left-sided diverticulosis (LCD) is found in 90% of 

individuals with diverticulosis.189,203 

In contrast, right-sided diverticulosis (RCD) dominates in Asian countries, being found in 48-

85% of individuals with diverticulosis,197,201,202,214 often at a younger age than is seen in 

LCD.188 LCD was previously thought to be uncommon in Asian countries, however, its 

prevalence is increasing.188,195,197,214,215 The reasons for this are undoubtedly multifactorial, 

including increasing adoption of a Western diet and lifestyle. 

The incidence of complications of diverticulosis, particularly acute diverticulitis (AD), is 

related to the underlying prevalence of diverticulosis in the population. AD affecting the right 

colon is commonly misdiagnosed as acute appendicitis due to similarities in clinical 

presentation. Right-sided AD very rarely requires surgical management. However, due to 

misdiagnosis a significant proportion of patients with right-sided AD will undergo operative 

intervention for presumed appendicitis.  

Establishing the prevalence of diverticulosis in a population remains a challenge, as most 

patients will remain asymptomatic throughout their lifetime.189 Population studies are prone 

to selection bias, as symptomatic patients are more likely to undergo colonic investigations 

and therefore be found to have diverticulosis. This is particularly important for RCD, as it is 

often reported to be present at a younger age.204,215 It is this younger demographic who also 

most commonly present with acute appendicitis and may be less likely to have imaging 

confirmation before proceeding to surgery.315,316 

In the New Zealand setting, the prevalence and distribution of diverticulosis has not been 

defined. With migration at an all-time high in recent decades,317 NZ is a melting pot of 

ethnicity and cultural factors (e.g., diet) that may influence the prevalence of diverticulosis, 
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as well as the anatomical distribution within the colon. The aim of this study is to evaluate the 

prevalence of RCD within a NZ population. 

 

Methods 

Retrospective review was performed of 1000 consecutive patients undergoing a computed 

tomography kidney/ureter/bladder scan (CT KUB) at Christchurch Hospital between January 

and November 2017. Patients undergoing CT KUB were identified from the Radiology 

Information System. The images from each individual were independently interpreted by two 

reviewers for the presence or absence of diverticulosis, and its distribution within the colon. 

Discrepancies were resolved by consensus.  

Diverticula were defined as thin-walled, gas-filled outpouchings, with or without adjacent 

wall thickening, and needed to be identifiable in at least two planes (axial, transverse, or 

coronal) to differentiate them from normal haustral folds.318 RCD was defined as any 

diverticula of the caecum or ascending colon to the hepatic flexure. Transverse colon 

diverticulosis was any diverticula between the hepatic and splenic flexures, while LCD was 

any diverticula distal to the splenic flexure. Reviewer interpretations were cross referenced 

with the formal scan report.  

In cases where an individual underwent more than one CT KUB during the study period, only 

the first scan was included. The CT KUB protocol used at Christchurch Hospital was a non-

contrast study from T10 to below pubic symphysis, with multiplanar reconstruction of 1mm 

thick axial slices. 

Patients were excluded if they were under 18 years of age, had a history of colonic resection, 

established inflammatory bowel disease noted on the imaging requisition, or findings on CT 

KUB that precluded accurate assessment of diverticulosis (such as colitis with severe colonic 

wall thickening). 

Patient demographics, including age, gender and self-reported ethnicity data, were obtained 

by searching the patient’s electronic medical record. When multiple self-reported ethnicities 

were listed, the first listed was the primary ethnicity, with any further ethnicities deemed to 

be a secondary ethnicity. 

Patients were stratified into age group cohorts (18–29, 30–39, 40–49, 50–59, 60–69 and 70+ 

years old). Chi-square test for independence, and goodness-of-fit were used to analyse 
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categorical data as appropriate, using SPSS statistical software, Version 26.0 (IBM Corp, 

Armonk, NY, USA), with a P-value <0.05 considered statistically significant. 

In view of the study design, consent from participants was not sought. The study protocol 

was approved by the University of Otago Human Ethics Committee (Health), reference 

H20/066. 

 

 

Results 

Of the 1000 patients identified, 969 patients undergoing CT KUB were ultimately included. 

Reasons for exclusion were prior colonic resection (24 patients), age less than 18-years old 

(six patients), and one patient was excluded because the CT KUB incompletely imaged the 

colon. 

Baseline patient characteristics are described in Table 5.1. The ethnic makeup of the different 

age groups did not vary significantly (p = 0.090). For age groups 50–59, 60–69 and 70+ years 

old, there were significantly more male patients having CT KUB compared to females 

(p<0.0001) 
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Age group Total 18-29 30-39 40-49 50-59 60-69 70+ 

n 969 131 144 188 212 161 133 

Female (%) 412 
(42.5%) 

70 
(53.4%) 

74 
(51.4%) 

92 
(48.9%) 

75 
(35.4%) 

49 
(30.4%) 

52 
(39.1%) 

        

Ethnicity        

NZ 
European 

603 
(62.2%) 

86 
(65.6%) 

75 
(52.1%) 

 

117 
(62.2%) 

 

132 
(62.3%) 

 

101 
(62.7%) 

 

92 
(69.2%) 

 

Maori 52 (5.4%) 8 (6.1%) 11 (7.6%) 
 

9 (4.8%) 
 

11 (5.2%) 
 

9 (5.6%) 
 

4 (3.0%) 
 

Pacific 
Islander 

32 (3.3%) 3 (2.3%) 10 (6.9%) 
 

7 (3.7%) 
 

8 (3.8%) 
 

3 (1.9%) 
 

1 (0.8%) 
 

Other 
European 

122 
(12.6%) 

12 (9.2%) 17 
(11.8%) 

 

29 
(15.4%) 

 

25 
(11.8%) 

 

22 
(13.7%) 

 

17 
(12.8%) 

 

Asian 69 (7.1%) 14 
(10.7%) 

18 
(12.5%) 

 

10 (5.3%) 
 

13 (6.1%) 
 

10 (6.2%) 
 

4 (3.0%) 
 

Other 81 (8.4%) 7 (5.3%) 10 (6.9%) 
 

13 (6.9%) 
 

22 
(10.4%) 

 

14 (8.7%) 
 

15 
(11.3%) 

 
Not stated 10 (1.0%) 1 (0.8% 3 (2.1%) 

 
3 (1.6%) 

 
1 (0.5%) 

 
2 (1.2%) 

 
0 (0.0%) 

 

        

Secondary 
ethnicity 

listed 

114 
(11.8%) 

17 (13.0%) 16 (11.1%) 19 (10.1%) 
 

29 (13.7%) 
 

18 (11.2%) 
 

15 (11.3%) 
 

 

Table 5.1. Baseline characteristics of 969 patients included in the study 

 

The prevalence of diverticulosis stratified by age group and distribution is shown in Table 

5.2. Overall, 95/969 (9.8%) of patients had RCD identified. The prevalence of RCD 

significantly increased with increasing age (p<0.0001). For those aged 18–29 RCD was 

found in 2.3%, increasing to 20.3% in the 70+ age group.  
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Age group Total 18-29 30-39 40-49 50-59 60-69 70+ P-value 

n 969 131 144 188 212 161 133  

Any 
diverticulosis 

407 
(42.0%) 

22 
(16.8%) 

41 
(28.5%) 

64 
(34.0%) 

101 
(47.6%) 

94 
(58.4%) 

85 
(63.9%) 

p<0.0001 

Left-sided 362 
(37.4%) 

14 
(10.7%) 

35 
(24.3%) 

50 
(26.6%) 

93 
(43.9%) 

87 
(54.0%) 

83 
(62.4%) 

p<0.0001 

Transverse 124 
(12.8%) 

10 
(7.6%) 

10 
(6.9%) 

12 
(6.4%) 

31 
(14.6%) 

30 
(18.6%) 

31 
(23.3%) 

p<0.0001 

Right-sided 95 
(9.8%) 

3 (2.3%) 7 (4.9%) 9 (4.8%) 24 
(11.3%) 

25 
(15.5%) 

27 
(20.3%) 

p<0.0001 

 

Table 5.2. Prevalence of colonic diverticulosis by anatomic distribution stratified by age. 

The prevalence of RCD across all age groups for each primary ethnicity is shown in Table 

5.3. 

 

 
NZ 

European 
Maori Pacific 

Islander 
Other 

European 
Asian Other Not 

stated 

n 603 52 32 122 69 81 10 

Any diverticulosis 
(%) 

267 (44.3%) 18 
(34.6%) 

12 (37.5%) 46 (37.7%) 19 (27.5%) 40 
(49.4%) 

5 (50%) 

Right-sided 
diverticulosis (%) 

55 (9.1%) 4 (7.7%) 3 (9.4%) 10 (8.2%) 10 (14.5%) 11 
(13.6%) 

2 (20%) 

 

Table 5.3. Prevalence of right-sided colonic diverticulosis by ethnicity. 

 

A diagnosis for the individuals presenting symptoms was reported on the CT KUB formal 

report for 477 of 969 patients (49.2%). The final reported diagnoses are demonstrated in 

Table 5.4. 
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CT KUB Diagnosis (n=969) Number of patients (%) 

No cause identified 492 (50.8%) 

Ureteric calculus 396 (40.9%) 

Hydronephrosis - uncertain cause 14 (1.4%) 

Pyelonephritis 14 (1.4%) 

Tumour (any organ) 12 (1.2%) 

Gynaecological pathology 10 (1.0%) 

Diverticulitis 8 (0.8%) 

Appendicitis 6 (0.6%) 

Colitis 4 (0.4%) 

Renal Haemorrhage  3 (0.3%) 

Disseminated malignancy 3 (0.3%) 

Cholecystitis 2 (0.2%) 

Rectus sheath haematoma 1 (0.1%) 

Meckels diverticulitis 1 (0.1%) 

Renal tuberculosis 1 (0.1%) 

Choledocholithiasis 1 (0.1%) 

Pneumoperitoneum – uncertain cause 1 (0.1%) 

 

Table 5.4. Final diagnosis described by the CT KUB imaging report 

 

 

Discussion 

Acute diverticulitis (AD) is the most common complication of diverticulosis.319 In the 

Western world, AD affecting the left side of the colon predominates, and right-sided AD is 

uncommon.203,246,320 The epidemiology of right-sided diverticulosis and AD show marked 

geographic variation, and has changed in recent decades.188,266 

Right-sided diverticula are often considered to be congenital, however, more recently this has 

been questioned.308 The current study found a significantly increasing prevalence with 

advancing age, which is supportive of RCD being an acquired condition, an extension of the 

same disease process seen in LCD. 

In New Zealand, the incidence of AD overall has been shown to be increasing,321 however, 

the prevalence and distribution of diverticulosis has not been described previously.  

The prevalence of RCD in Asian countries is well described.188,203 However, few published 

data originate from Western countries. Faucheron et al reviewed 796 patients undergoing 

colonoscopy in France and found RCD in 12.9% overall.199 Similar to the current study, the 

prevalence increased with age, being present in over 25% of those older than 75-years. An 
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Italian study assessing diverticulosis observed on CT colonography, reported diverticulosis in 

the caecum in 14.2% and ascending colon in 18.5% of those older than 60-years.206 Similarly, 

in a small Caucasian cohort undergoing first screening colonoscopy in the US, 19.7% had 

RCD.208 From the limited data available, the prevalence of RCD in Western countries appears 

higher than previously expected. 

There is strong evidence to support non-operative management of right-sided AD.281,284 

However, patients are frequently misdiagnosed as having acute appendicitis, leading to 

unnecessary surgery.246,264 In regions with a high incidence of right-sided AD, patients with 

right lower quadrant pain may be more likely to have preoperative imaging, due to diagnostic 

uncertainty.  

Appendicectomy is the most common emergency abdominal operation, with many performed 

by trainee surgeons.322 Contemporary series describe a negative appendicectomy rate of 15-

25%.323,324 Perceived low diagnostic probability, surgeon inexperience and/or retroperitoneal 

location could mean that some of these patients may actually have undiagnosed right-sided 

AD. Most studies reporting AD incidence rely on hospital coding data,320,321 thus the true 

incidence of right-sided AD is likely underestimated. The above findings support the role of 

cross-sectional imaging in the diagnostic workup of patients presenting with suspected 

appendicitis. 

The ethnic composition of the current study adequately represents that of the local 

population. According to 2018 census data, residents of the Canterbury region self-reported 

ethnicity was 82.4% European (including both NZ European, and other European), 9.4% 

Maori, 3.2% Pacific Islander and 11.1% Asian,325 However, this study was not powered to 

evaluate whether differences in prevalence between ethnic groups were significant. There 

was a gender imbalance seen in older age groups of this study, with males more likely to have 

a CT KUB, in keeping with the higher incidence of urolithiasis seen in males.326 

Strengths of the study include the use of cross-sectional imaging, which is more sensitive for 

diverticulosis than endoscopy,189 as well specifically as looking for diverticulosis on CT 

image review. Given the relatively high prevalence of asymptomatic diverticulosis overall, 

comment is frequently omitted from imaging reports. The CT KUB protocol was chosen to 

minimise selection bias and give a broad age-range of participants. Patients typically 

underwent CT KUB for suspected urolithiasis (or follow up of known stones), thus are 

presumed to be asymptomatic from a bowel perspective, providing a suitable cohort to screen 
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for diverticulosis. In contrast, patients with non-specific abdominal pain or bowel symptoms 

may be more likely to have a contrast enhanced CT. However, the lower resolution of CT 

KUB and collapsed, unprepared bowel may reduce the sensitivity for diverticulosis, therefore 

under-estimating the true prevalence. 

In conclusion, the prevalence of RCD in New Zealand is higher than expected and shows a 

significant increase with advancing age. These findings support RCD to be mostly an 

acquired condition, and the higher-than-expected prevalence adds support to the role of pre-

operative imaging in patients presenting with suspected appendicitis, to exclude unexpected 

right-sided AD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



92 
 

Chapter Six: Diverticular Disease in young patients – is it 

a distinct disease process? 
 

Introduction 

The incidence of acute diverticulitis (AD) increases with age. Though more common in 

individuals over 50, it also affects those under 50-years old.154,219,320 

In recent decades there has been a significant rise in the incidence of AD overall, most 

marked in those under 50-years old.321,327 The reasons for this are complex and not fully 

understood. Controversy exists as to whether AD in younger patients is simply an extension 

of the conventionally understood entity of AD, or whether it represents a distinct condition. 

This uncertainty, combined with inherent differences in comorbidities and life expectancy in 

the younger age group, may result in variations in clinical management.  

The aim of this review is to evaluate the changing epidemiology and clinical manifestations 

of AD in patients under fifty years old, as well as discuss the implications that younger age 

has for aspects of management of AD, based on contemporary guidelines. 

 

The incidence of diverticular disease in young patients is increasing 

Diverticulosis 

The overall prevalence of diverticulosis is similar between men and women and rises with 

age.204 Considerable geographic variation is seen, in Western countries approximately 10% of 

adults aged 30-40 have diverticulosis while those aged 70-80 have a 70% chance of having 

diverticulosis.204,219 

Defining the prevalence of asymptomatic diverticulosis in a population remains challenging. 

This is even more so in younger patients, who, more often undergo colonic investigations 

only when symptomatic. Because of this, despite several studies showing that the incidence 

of diverticulosis overall is increasing over time, direct evidence in the under-50 age group is 

limited.196,328,329 
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Acute Diverticulitis 

In contrast to diverticulosis, there is plentiful evidence showing that rates of hospitalisation 

for AD are on the rise in younger patients. The rate of hospitalisation is increasing for all 

demographics, but most studies report the rise to be disproportionately greater for the 

younger subgroup.154,321,327,330-332 

A retrospective analysis of 144,107 hospital admissions for diverticular disease in Sweden, 

between 1987-2010 showed age-standardised rates of admission to be static overall for this 

population, however, there was a continuously increasing rate over time in both the 0-29-year 

and 30-49-year age groups.154 

Multiple studies from the United States show an even more marked increase in incidence, 

both overall and for the young subgroup. A group from Minnesota report a 50% increase in 

age-standardised incidence of AD between 1980-1989 and 2000-2007. For the 18-29, 30-39- 

and 40-49-year age groups the temporal increase was 125%, 85% and 132% respectively.327 

Etzioni et al analysed nationwide inpatient admissions for AD in the United States between 

1998-2005, including over 267,000 patients.332 The overall age-standardised admission rate 

increased by 26% during this time, but for individuals aged 18-44 years the increase was 

82%. They also found that the rate of elective surgery for diverticular disease increased by 

29% during the time of the study, with the younger subgroup again having a disproportionate 

increase of 73%.  

In addition to more hospitalisations, AD is also placing an increasing burden on Emergency 

Departments in the United States. Data from the National Emergency Department Sample 

showed AD-related emergency department attendances increased by 26.8% between 2006 

and 2013. During the same period, the percentage of AD patients admitted to the same 

hospital decreased from 58.0% to 47.1%, however for the 18-44 age group the absolute 

decrease was greater than 20%.333 This data suggests that while more patients are presenting 

with AD, a greater proportion are being managed on an outpatient basis.334 

Scotland’s National Health Service also showed an increase in acute admissions with AD of 

16.8% between 2000 and 2010, with the greatest increase in those under 65-years old.330 

New Zealand is following the same trend as the above countries. Broad et al used national 

inpatient coding data to describe the epidemiology of first-episode AD over time between 

2000 and 2015.321 During the sixteen years of the study, the age-standardised rate of 
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admission increased by 2.1 admissions per 10,000 population. For males aged under 55 the 

admission rate during 2015 increased 2.5-fold compared to the year 2000 (Figure 6.1). This 

finding of young males showing the greatest increase is consistent with multiple other 

studies.330,332,335-337 

The above population-based studies are all limited using coding data for the diagnosis of AD, 

so the diagnostic work-up those individual participants underwent is unclear. Furthermore, 

the above studies focus on patients hospitalised for AD, so potentially underestimate the true 

incidence by not including patients managed in the community by their General Practitioner.  
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Figure 6.1. Trends in incident hospitalisation rates for acute diverticular disease, 2000–2015, 

relative to the index year (2000), stratified by gender and age groups. Reproduced with 

permission from Broad et al.321 

 

Potential explanations for the rising incidence of acute diverticulitis in 

young patients 

The presence of diverticulosis is a necessary precursor to develop AD, and its pathogenesis is 

multifactorial.156,219,319,338 The reasons why only 3-5% of patients with diverticulosis go on to 

develop AD are poorly understood,154 however some well-defined risk factors have been 

established and may play a role in the changing epidemiology of AD described above. 

 

Obesity, dietary factors, and physical activity 

Obesity has been shown to increase the risk of developing both diverticulosis and AD ( Ma 

2018  Patel 2020).320,339-342 The health professionals study followed 47,228 males who were 

free of diverticulosis at baseline. During the eighteen years follow up there were 801 incident 

cases of AD. After adjusting for other risk factors, men with a body mass index (BMI) 

>30kg/m2 were significantly more likely to develop AD than those with BMI <21kg/m2 (RR 

1.78).340 An analogous study by Ma et al found similar results in women, albeit with a lesser 

association.341 Interestingly, they also found that, in addition to anthropomorphic measures in 

isolation, weight gain of twenty kilograms during adult life also increased risk of AD by 

73%. Some authors hypothesise that rather than BMI per se, it is increased abdominal 

visceral fat that is associated with the development of AD.234,342 As well as increasing the 

likelihood of AD overall, there is a higher rate of complicated AD in obese patients.343-345 

There is conflicting evidence whether it increases the risk of recurrent AD.344,346 

The rise in obesity, globally, is frequently described as an epidemic. In the United States in 

2016, 38.9% of adults were obese (defined as BMI >30 kg/m2), with a further 7.6% classified 

as having severe obesity (BMI >40kg/m2).347 In New Zealand, 30.9% of adults were obese in 

2018/19, with a further 34.3% classed as overweight (BMI 25-30 kg/m2).348 The increase in 

obesity prevalence in young adults parallels the rise in AD incidence.349 Like AD, there has 

also been an increase in obesity associated cancers in those under 50-years of age.350 The 
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rapidly increasing prevalence of obesity is likely to be a leading contributor to the observed 

increase in AD. 

The role of dietary influences, particularly fibre, in the development of diverticulosis and its 

complications was first described in the 1970’s.182 More recent evidence has questioned 

this.218,351 As the evidence to support the role of dietary fibre is conflicting, current guidelines 

state that the role of supplementation for prevention of AD is unclear, and therefore not 

recommended,183,187 but may be advisable for general health.184,185 Other potential dietary 

contributors, such as fat or red meat intake, have also been implicated in the pathogenesis of 

AD.352-354 While the impact of dietary influences continues to be debated for AD in general, 

there is no clear evidence of their role specifically in the younger age subgroup. 

Vigorous physical activity is associated with a reduced risk of AD.241,355 In recent times there 

has been an increasing trend toward a sedentary lifestyle with consequent reduction in 

physical activity.356 While there is currently no evidence directly linking temporal changes in 

physical activity with the increasing incidence of AD, it is quite plausibly contributing. 

Smoking 

Cigarette smoking is another established risk factor for the development of AD.237 Prevalence 

of smoking varies markedly between countries, undoubtedly due to cultural perceptions of 

smoking, combined with governmental smoking cessation efforts. In the United States 

approximately 13.7% of the population were smokers in 2018, which had decreased from 

20.9% in 2005.357 Fewer adolescents are taking up smoking, however, those who do 

commence tend to smoke more heavily than previous generations.358  

Europe and China also both show reducing prevalence of smoking, attributed to increased 

awareness of the associated harms.359-360 Similarly, New Zealand is also showing a reducing 

trend, with 15.7% smoking in 2016/17, down from 20.1% in 2006/07.361 

The trend toward a reduction in cigarette smoking means it is unlikely to explain the rising 

incidence of AD in young people. 
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Alterations in colonic connective tissue and genetics are implicated in AD overall, but not 

specifically in the young 

Alterations in connective tissue composition and morphology of the colon wall have been 

implicated in the pathogenesis of diverticulosis, specifically increased elastin deposition and 

collagen cross-linking.362,363 Type III collagen has also been shown to be increased in colons 

with diverticulosis.364  

Brown et al examined the quantities and ratio of type I to type III collagen in colons resected 

from 53 patients (15 AD patients <50 years old, 20 AD patients >50 years old and 18 cancer 

resections as controls).365 Type I collagen is composed of rigid fibrils and is the dominant 

type in the human body, type III collagen is present during early stages of wound healing and 

is generally considered immature and is of lower strength. The typical ratio is 4:1. This study 

found that the quantity of both types of collagen was higher in the AD patients compared to 

controls, however the collagen type I:III ratio was greatest in the AD patients <50 years old 

(noting in the control group it was also higher in younger patients compared to older). They 

concluded that a reduced quantity of type I collagen does not explain why young patients 

developed diverticulosis, and that the decrease in collagen ratio seen with age is due to an 

increase in type III collagen deposition rather than loss of type I collagen. 

Genetic factors are known to contribute to the development of diverticulosis, thus 

predisposing to AD. Twin studies suggest genetic effect to be 40-50%.225,226 It is undoubtedly 

a complex interaction of multiple genes rather than a single causative mutation. Several 

candidate genes have been implicated in diverticular disease, such as a mutation in the 

COL3A1 gene involved in collagen synthesis associated with diverticulosis in Caucasian 

males and TNFSF15 gene in AD patients requiring surgery.366.367 Whether such mutations are 

becoming more prevalent in recent decades is not known at the present time but is an area of 

future study. 

 

Improved diagnostic work up may be contributing to rising incidence 

The increasing incidence of AD in young patients may plausibly be related to improved 

awareness and diagnostic workup. Cross-sectional imaging in the form of computed 

tomography (CT) is the gold-standard for confirming the diagnosis of AD.368-370 It also 

enables accurate classification of severity (i.e. complicated versus uncomplicated AD). After 
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its introduction in 1971, CT scanning was not widely available until the 1990’s, but in the 

past three decades has had rapid uptake in its use.371,372  

Historically, there has been a tendency to avoid cross-sectional imaging in younger patients 

because of potential sequelae of ionising radiation.373 Improvements in imaging technology 

requiring lower radiation doses have allayed some of these concerns, and the use of CT in 

younger patients is becoming more widespread.  

Many of the more robust series of AD only include patients with imaging confirmation of the 

diagnosis. In modern medical practise, diagnostic uncertainty may be perceived to be less 

acceptable to the public, resulting in a higher proportion of patients being referred to hospital 

for diagnostic workup and therefore being captured in coding data.374  

For those who are admitted to hospital, it is plausible that previously, some patients who 

presented with abdominal pain were given an incorrect alternate diagnosis based on clinical 

judgement, but in the modern era with widespread use of CT, would now be identified as 

having AD. Similarly, the less rapid increase in female patients may be due to 

underdiagnosis, as premenopausal women with abdominal pain could be presumed to have a 

gynaecological diagnosis and undergo ultrasound imaging rather than CT.375 This modality 

has reasonable sensitivity for the diagnosis of AD,376 however, in many centres it is not 

commonly used for this indication, which may limit its local diagnostic accuracy. 

 

The clinical course of acute diverticulitis does not appear to 

significantly differ in young patients 
 

Historically, young patients presenting with AD were considered to have more virulent 

disease and, consequently, a more severe clinical course.377 This has proven not to be the 

case.378 Young patients have been shown, in some studies, to be more likely to present with 

complicated AD on imaging,379 although a recent meta-analysis reported no difference.380 

While data for disease classification is conflicting, young patients are not more likely to 

require emergency surgery or have an adverse outcome.379,381-383 

Increased virulence of AD and a longer life expectancy for younger patients was the rationale 

for recommending both emergency and elective surgery more liberally in this group. While 

increased virulence has not been demonstrated, the recurrence rate may be higher in younger 
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patients. Long-term outcomes and the role of elective colectomy will be discussed later in 

this chapter.  

 

Early management of an episode of acute diverticulitis is no different 

Several clinical practise guidelines have been produced for the management of AD.183-187 

Recommendations surrounding the roles of diagnostic imaging, dietary restriction, 

antibiotics, percutaneous drainage of abscesses and emergency surgery are generally 

consistent between guidelines.368 

At present there are no recommendations that any aspects of medical management should be 

different for young patients, based on age specifically. Most discussion on the younger 

patient cohort is centred on the role of surgery (both emergency and elective).  

 

Role of routine colonic evaluation following an episode of acute 

diverticulitis 

For many years it was standard practise to evaluate the colon with colonoscopy or imaging 

following resolution of an episode of AD.384,385 The rationale for this was to exclude an 

alternative diagnosis of colonic malignancy as an explanation for the presentation. In recent 

years, studies have questioned this practise, finding that in cases of uncomplicated AD 

confirmed with good-quality cross-sectional imaging, the likelihood of an underlying 

malignancy is not significantly higher than expected from a screening population.292,293,386,387  

Sharma et al reported a pooled malignancy rate of 1.6% overall, or 0.7% when limited to 

uncomplicated AD.292 More recent meta-analyses have reached similar conclusions.386,387 

These data suggest that routine colonic evaluation can be omitted following imaging-

confirmed uncomplicated AD (in the absence of other indications), however, colonic 

evaluation is still recommended following complicated disease. 

The reporting of age in studies included in the above meta-analyses is variable. Some authors 

specifically address the under 50-years old cohort compared to over 50’s,388-390 while others 

stratify by variable age groupings.391 The data on whether age is an independent risk factor 

for colonic neoplasia (either advanced polyps or malignancy) is conflicting, with some 
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studies reporting the younger age group to have reduced risk,389,390 with others finding no 

difference.388,391 

Two studies evaluating this included only young patients, with both finding no cases of 

malignancy or advanced polyps, leading the authors to conclude that colonic evaluation is 

unnecessary in young patients.392.393 However, these studies were both limited by very small 

numbers (42 and 27 patients respectively), and one of them originated from Singapore 

therefore included predominantly right-sided AD.393 

Meyer et al performed a meta-regression analysis on the effect of age on prevalence of 

colorectal cancer using the studies included in their meta-analysis that reported age and found 

no significant effect.386 

Overall, based on available evidence it appears prudent to offer colonic evaluation for young 

patients on the same basis as for those >50 years old. In the absence of other indications, 

colonoscopy after imaging-confirmed uncomplicated AD can be omitted, but based on the 

high rates of malignancy or advanced polyps it should be routinely performed after resolution 

of an episode of complicated AD.183-187 

 

 

The risk of recurrent acute diverticulitis is slightly higher in young 

patients, but recurrent episodes are not more severe 
 

It was a widely held belief that AD in younger patients had a higher risk of recurrence, and 

when recurrences did occur, they were more severe and had a higher rate of emergency 

surgery. Older data from the United States supports this. A retrospective study by Anaya et al 

from 1987-2001 included over 25,000 patients.394 Of those managed nonoperatively at index 

admission, the rate of admission for recurrence was greater in younger patients, and 

recurrence risk further increased with each additional recurrent episode. Younger patients 

were also more likely to have colectomy and/or colostomy formation during a recurrent 

episode than older patients.  

Rose et al used hospital coding data from California to analyse long-term outcomes for 

210,068 patients with AD, 85% of whom were managed medically at the index 

presentation.395 They found that the risk of recurrence was significantly higher in the younger 
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age group, however the absolute difference was small (Figure 6.2). They found that most 

recurrent episodes occurred early, with very few patients having more than three or four 

episodes, consistent with a contemporary reports of recurrence patterns.396.397   

To parallel the findings of Rose et al, a similarly designed study from a New York group 

found similar results, with young age being a predictor of recurrent admissions for AD.398 

However, even for the highest risk group (those <50 years old with complicated AD) the 

cumulative recurrence risk was reported to be 13.7% during the 21-year period of the study 

(1985-2006), which is comparatively low.  

 

Figure 6.2. Cumulative risk of recurrent AD stratified by age in patients treated non-

operatively at index presentation. Reproduced with permission from Rose et al.395 
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In England’s National Health Service, El-Sayed et al reviewed 65,162 patients who had an 

index admission with AD between 2006-2011, with a minimum of four years follow up.399 

The overall recurrence rate was 11.2%, and on multivariate analysis, young age was 

associated with a higher risk of readmission (Figure 6.3). Of note, they also found that when 

the index episode of AD was uncomplicated, only 2% subsequently developed an episode of 

complicated AD. 

 

Figure 6.3. The relationship between patient age and risk of admission for recurrent AD, with 

minimum follow up of four years from index admission. Reproduced with permission from 

El-Sayed et al.399 

 

A major limitation of these large population-based studies is the use of hospital coding data 

resulting in potential selection and/or misclassification bias, as well as the uncertainty of 

follow up (for example, patients moving away from the data catchment area).  
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Several meta-analyses have been performed addressing the risk of recurrent AD in the young, 

mostly suggesting a higher risk of recurrent AD. The largest of these, by Hupfield et al400 

included over 387,000 patients across 22 studies (with over 85% of the patients included 

from just two papers by Rose395 and Ho398 described above). They found a higher recurrence 

rate in the younger patients. Nine of the twenty studies that discussed age found a positive 

association between young age and risk of recurrence, with the remainder finding no 

significant difference between younger and older patients. No studies found younger patients 

to have a lower risk.  

Van de Wall et al performed a meta-analysis of the differences in multiple aspects of AD 

between younger and older patients.383 In the seven studies where recurrence data were 

available (18,810 patients), young age was associated with a higher recurrence rate. Note that 

only two of the studies included required imaging confirmation of the diagnosis of AD. Katz 

et al reached similar conclusions from their meta-analysis of twelve studies.382 

 

 

Figure 6.4. Forest plot of risk of recurrent AD stratified by age greater or less than 50 years 

old. Mean follow up for these studies was 45 months (range 12-114 months). Reproduced 

with permission from van de Wall et al.383 

 

In contrast to the studies mentioned above, van Dijk et al argue that young age does not 

increase the risk of recurrent AD, citing that lack of clarity around diagnostic work up and 

uncertain follow up in large studies biases their results.274 When limiting to studies that 

require imaging confirmation of AD, the recurrence rates are not significantly different to the 

older population. This argument was subsequently supported by their recently published 

meta-analysis of 27 studies where imaging confirmation was mandatory.401 They report that 
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raw data on AD recurrence rates from 12 studies showed a higher rate in young, compared to 

older patients. However, no difference was found in the studies that used survival analyses, 

taking length of follow up per age group into account. They concluded that while published 

studies on risk of recurrent AD in young patients are conflicting, those with more robust 

methodology show no significant differences. 

 

Surgical management of diverticular disease in the young 
 

Emergency resection for acute diverticulitis 

Indications for emergency surgery during an episode of AD include free perforation, 

peritonitis with sepsis, and failure to resolve with medical or percutaneous.183-187 Older 

studies report higher rates of requirement for emergency surgery in young patients,402,403 

however, more recent studies have shown that this is not the case.379,381-383 

The reason for the reduction in severity of AD and need for emergency surgery is likely two-

fold. Firstly, with greater awareness of the increasing burden of AD in the young there is a 

higher index of suspicion and more widespread use of cross-sectional imaging resulting in 

more diagnoses of AD, reducing the selection bias that older studies were subject to. It is 

likely that the older published studies of AD in young patients were representative of the 

more severe end of the spectrum, while clinically mild cases may have been misdiagnosed 

and, therefore, excluded from such reports.378 

Secondly, in recent years a better understanding of the natural history of diverticular disease 

in the young has led to a less aggressive approach to elective surgical resection to prevent 

recurrent AD. It is quite possible that a perceived secondary effect of reducing the 

individual’s risk of recurrent episodes may have resulted in a lower threshold for emergency 

surgery in the past.  

When emergency surgery is required, perioperative outcomes appear similar for both younger 

and older patients.404 United States data obtained from the NSQIP database demonstrates a 

lower mortality for younger patients undergoing emergency surgery for AD, compared to 

those above the age of 50-years old.405 This is likely a reflection of the greater physiological 

reserve that younger patients have when subjected to major abdominal surgery. 
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Aspects of surgical technique in emergency surgery for AD have evolved over time. 

Originally a three-stage operation was performed for AD, comprising of diverting colostomy 

to control contamination, followed by sigmoid colectomy and subsequently colostomy 

reversal.319 Since the 1970’s, sigmoid colectomy with formation of an end colostomy 

(Hartmann’s Procedure (HP)) has been the treatment of choice when emergency surgery for 

AD is required. In recent years, sigmoid colectomy with formation of primary anastomosis 

(PA), with or without proximal faecal diversion, has been shown to be safe in selected 

patients, and is increasingly being utilised to avoid the morbidity of the surgery required to 

restore continuity following HP, achieving a lower likelihood of permanent stoma.406 

However, PA is still only used in <5% of patients having emergent surgery.407 The utilisation 

of PA compared to HP during the acute setting does not appear to vary with age.408,409  

NSQIP data showed that young patients having emergent surgery for AD were more likely to 

have minimally invasive surgery than their older counterparts, on multivariate analysis.410 

Again, this may reflect the greater physiological reserve of young patients, being perceived as 

better able to tolerate the longer operative time and pneumoperitoneum that accompany 

laparoscopic surgery. 

 

Elective resection to prevent recurrent diverticulitis 

In the long-term management of diverticular disease, perhaps the most difficult decision is 

when to perform elective colonic resection to prevent recurrent attacks of AD.  

One of the earliest large series of AD with long-term follow up is widely cited as the initial 

driver for elective colectomy. Parks followed 521 patients with AD and found that both 

morbidity and mortality increased with each additional episode of AD.411 

Historically, guidelines recommended elective resection after two episodes of AD in older 

patients, or after a single episode in the under-50 age group.412 This recommendation was 

based on two assumptions. Firstly, there was an understanding that AD in young patients was 

a different disease process, with recurrent episodes being more virulent, less likely to be able 

to be managed medically and a high rate of emergency surgery with stoma formation. As 

above, this assumption has proved to be erroneous. Secondly, with a longer life expectancy 

there is inherently more time for a young patient to develop recurrence. 
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More recently it has been recognised that the natural history of AD in the young is like that in 

older patients and, therefore, age should not alter clinical decision making.378 Guidelines now 

reflect this, and the decision to proceed with elective colectomy should be tailored to the 

perceived benefits and risks at an individual level, rather than being based on an arbitrary 

number of episodes of AD. Consequently, the rate of patients having elective colectomy has 

decreased in recent years.413 

 

Summary and conclusions 

In recent decades, there has been a rise in the incidence of AD in the younger age group. The 

exact reasons for the changing epidemiology are not yet clear, and the relative influence of 

each of the proposed contributors discussed in this chapter remain to be quantified. 

Although gaps in our understanding of diverticular disease in the young exist, tremendous 

progress has been made in better appreciating its natural history. Historically, AD affecting 

young patients was often considered a different entity and was generally managed as such. 

High rates of both emergency and elective surgery were performed in view of the perceived 

virulence of the condition. As the evidence for AD overall has expanded, support for this 

concept has dwindled. 

Based on contemporary evidence, we can see that young patients with AD are no more likely 

to require emergency surgery than their older counterparts. While they probably do have a 

higher recurrence risk in view of longer life expectancy, generally the first episode is the 

most severe and future episodes, if they occur, can usually be managed nonoperatively. 

When an episode of AD does occur, the current evidence supports the same management, 

regardless of the patients’ age. 

The perception of AD in young patients as a separate entity is gradually being disproven. 

Areas of focus for future research should centre on better understanding the 

pathophysiological reasons for the changing epidemiology of AD, as well as risk-

stratification and prevention of recurrence. 
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Appendix One: Participant Information and Consent 

form used for Chapter Two 
 

 

Participant Information Sheet  

Study title: Rectal swab to assess colonic microbiome – a feasibility study 

Principal 

investigator: 

Name Professor Frank Frizelle 

Department of Surgery, University of 

Otago, Christchurch 

Position: Professor of Surgery 

Contact phone number: 

03 364 3634 

 

Introduction 

Thank you for showing an interest in this project.  Please read this information sheet carefully. Take 

time to consider and, if you wish, talk with relatives or friends, before deciding whether to 

participate.  

If you decide to participate, we thank you.  If you decide not to take part, there will be no 

disadvantage to you, and we thank you for considering our request.   

What is the aim of this research project? 

The aim of this project is to assess the correlation between the microbial composition of a stool 

sample to that of a rectal swab. It is to be a feasibility study in preparation for a much larger project 

assessing the microbiome of diverticular disease. The most widely used method of assessing the 

colonic flora is a faecal sample, however we are wanting to assess whether the same microbial 

composition is obtained by analysing a simple rectal swab which would be more convenient to 

obtain from patients recruited in the main study. 

Who is funding this project? 

This project is being funded from University of Otago, Department of Surgery reserve funds with no 

external funding required. 

Who are we seeking to participate in the project? 
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We are looking to recruit 20 health professionals who are willing to donate both a stool sample, and 

a rectal swab taken by a qualified nurse, as well as a self-taken swab to assess whether participants 

are able to achieve accurate swabbing themselves. 

If you participate, what will you be asked to do? 

We will request you donate a stool specimen, and have a rectal swab taken by another health 

professional (and a self-taken swab). 

The samples will be analysed in the lab to assess whether they demonstrate the same composition 

of bacteria in the colon.  

Participation is strictly voluntary and there will be no reimbursement. You will be provided with the 

equipment needed to collect a stool specimen and the rectal swab will be taken by an appropriately 

qualified health professional. 

Each participant will be given an identifying number (eg Participant A, B, etc..) to enable correlation 

of the specimens but otherwise no identifying details or health data will be recorded. The results of 

the microbial analysis will not be recorded on to your medical record, reported to you or shared with 

any other parties. Participation in the study will not have any influence on any aspect of your 

ongoing healthcare or employment 

Is there any risk of discomfort or harm from participation? 

The risk of harm is negligible. The stool specimen will be collected by yourself with the equipment 

provided. The rectal swab will be taken by an appropriately qualified health professional. The results 

of your individual colonic bacteria will not be recorded in any medical record or be able to identified 

as having come from you.  

What specimens, data or information will be collected, and how 

will they be used?  

We ask that you provide three specimens: a stool sample and two rectal swabs. The stool sample is 

to be collected by yourself and a swab taken by a qualified health professional, and by yourself. The 

samples will then be analysed for the composition of bacteria resident in the colon.  

Once the specimens have been collected, they will be de-identified so the results cannot be traced 

back to an individual. There will not be storage of the samples/any additional re-testing done in the 

future.  

The results obtained will form a feasibility study in preparation for a much larger study assessing the 

microbiome of the colon in patients with diverticular disease. The hypothesis is that a rectal swab 

will provide the same information as a stool sample, as this will simplify data collection for this later 

larger study.  

 

What about anonymity and confidentiality? 

Once you provide the required samples they will be labelled with a de-identifying letter and will not 

be able to be linked to you, so strict confidentiality will be maintained. The rectal swab will be taken 
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by an appropriately qualified professional in a suitable setting, and you are more than welcome to 

have a chaperone present. 

If you agree to participate, can you withdraw later? 

As participation is a one-off provision of specimens which are immediately de-identified, once you 

have provided the samples you cannot withdraw as there is no record of which samples came from 

you personally. 

Any questions? 

If you have any questions now or in the future, please feel free to contact either: 

Name: Dr Greg Turner 

Position: Research Fellow 

Department of Surgery, University of Otago, 

Christchurch 

Contact phone number: 

027 3044 657 

Name: Dr Michael O’Grady 

Position: Research Fellow 

Department of Surgery, University of Otago, 

Christchurch 

Contact phone number: 

027 340 8587 

Name 

Position 

Department 

Contact phone number: 

……………………………… 

 

This study has been approved by the University of Otago Human Ethics Committee (Health). If you 

have any concerns about the ethical conduct of the research, you may contact the Committee 

through the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 

gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 

will be informed of the outcome. 
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Rectal swab to assess colonic microbiome – a 

feasibility study 

Principal Investigator: Professor Frank Frizelle (frank.frizelle@cdhb.health.nz) 

CONSENT FORM FOR PARTICIPANTS 

Following signature and return to the research team this form will be stored in a secure place for ten years. 

Name of participant:………………………………………….. 

1. I have read the Information Sheet concerning this study and understand the aims of this 

research project. 

2. I have had sufficient time to talk with other people of my choice about participating in the 

study.   

3. I confirm that I meet the criteria for participation which are explained in the Information 

Sheet. 

4. All my questions about the project have been answered to my satisfaction, and I 

understand that I am free to request further information at any stage.  

5. I know that my participation in the project is entirely voluntary 

6. I know that as a participant I will be asked to provide both a stool sample and a rectal 

swab for bacterial analysis. The results of which will not be distributed to myself or any 

other parties such as my GP or online medical record 

7. I understand the nature and size of the risks of discomfort or harm which are explained in 

the Information Sheet. 

8. I know that when the project is completed all personal identifying information will be 

removed from the paper records and electronic files which represent the data from the 

project, and that these will be placed in secure storage and kept for at least ten years.  

9. I understand that the results of the project may be published and be available in the 

University of Otago Library, but that either (i) I agree that any personal identifying 

information will remain confidential between myself and the researchers during the study, 

and will not appear in any spoken or written report of the study  
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10. I know that there is no remuneration offered for this study, and that no commercial use 

will be made of the data.  

11. I understand that the specimens will be disposed of following their analysis 

Signature of participant:  Date: 

   

   

 

Name of person taking consent  Date: 
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Appendix Two: Participant Information and Consent 

form used for Chapter Three 
 

 
Participant Information Sheet  

Study title: The Microbiome of Diverticular Disease 

Principal 

investigator: 

Name Professor Frank Frizelle 

Department of Surgery, University of 

Otago, Christchurch 

Position: Professor of Surgery 

Contact phone number: 

03 364 3634 

Introduction 

Thank you for showing an interest in this project.  Please read this information sheet carefully. Take 

time to consider and, if you wish, talk with relatives or friends, before deciding whether to 

participate. If you decide to participate, we thank you.  If you decide not to take part, there will be 

no disadvantage to you and we thank you for considering our request.   

What is the aim of this research project? 

Every individual has a large quantity and variation of bacteria present in their large bowel at all 

times. It is possible that certain bacterial make up means there is an elevated risk of developing 

certain conditions. The aim of this project is to assess the makeup of bacteria present in the large 

bowel in people with diverticulitis and compare that to individuals without diverticulitis. 

Who is funding this project? 

This project is being funded from University of Otago, Department of Surgery reserve funds with no 

external funding required. 

Who are we seeking to participate in the project? 

Any individual who is admitted to Christchurch Hospital with diverticulitis. 

If you participate, what will you be asked to do? 

You will be asked to have a swab taken from the lower rectum. You will also be asked to complete a 

questionnaire on your diet, as diet is known to influence the bacterial make up of your gut.  
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Is there any risk of discomfort or harm from participation? 

The rectal swab will be taken by an appropriately qualified health professional, this can be 

uncomfortable. It takes less than ten seconds to take the swab.  The risk of harm is negligible – there 

is a small chance of causing an abrasion/scratch to the lining of the anal canal or lower rectum 

however this will heal without further treatment. 

What specimens, data or information will be collected, and how 

will they be used?  

One rectal swab will be taken. This is sufficient for us to analyse what bacteria are present in the 

large bowel, and in what quantities. This is done by identifying genetic information unique to each 

type of bacteria. Once the specimens have been collected, they will be de-identified so the results 

cannot be traced back to an individual. There will not be storage of the specimens/any additional re-

testing done in the future, but the results of the analysis will be kept for a period of 10 years. It is 

possible the information could be used for future research projects – there are none planned at this 

stage.  

What about anonymity and confidentiality? 

Once you provide the required samples they will be labelled with a de-identifying letter and will not 

be able to be linked to you, so strict confidentiality will be maintained. The rectal swab will be taken 

by an appropriately qualified professional in a suitable setting, and you are more than welcome to 

have a chaperone present. 

If you agree to participate, can you withdraw later? 

As participation is a one-off provision of specimens which are immediately de-identified, once you 

have provided the samples you cannot withdraw as there is no record of which samples came from 

you personally. 

Any questions? 

If you have any questions now or in the future, please feel free to contact either: 

Name: Dr Greg Turner 

Position: Research Fellow, Department of 

Surgery, University of Otago, Christchurch 

Contact phone number: 

027 3044 657 

Name: Dr Michael O’Grady 

Position: Research Fellow, Department of 

Surgery, University of Otago, Christchurch 

Contact phone number: 

027 340 8587 

 

This study has been approved by the University of Otago Human Ethics Committee (Health). If you 

have any concerns about the ethical conduct of the research, you may contact the Committee 

through the Human Ethics Committee Administrator (phone +64 3 479 8256 or email 
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gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and you 

will be informed of the outcome. 
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The Microbiome of Diverticular Disease 

Principal Investigator: Professor Frank Frizelle (frank.frizelle@cdhb.health.nz) 

CONSENT FORM FOR PARTICIPANTS 

Following signature and return to the research team this form will be stored in a secure place for ten years. 

Name of participant:………………………………………….. 

1. I have read the Information Sheet concerning this study and understand the aims of this research 

project. 

2. I have had sufficient time to talk with other people of my choice about participating in the study.   

3. I confirm that I meet the criteria for participation which are explained in the Information Sheet. 

4. All my questions about the project have been answered to my satisfaction, and I understand that I am 

free to request further information at any stage.  

5. I know that my participation in the project is entirely voluntary 

6. I know that as a participant I will be asked to provide a rectal swab taken by an appropriate professional 

for bacterial analysis. The results of which will not be distributed to myself or any other parties such as 

my GP or online medical record 

7. I understand the nature and size of the risks of discomfort or harm which are explained in the 

Information Sheet. 

8. I know that when the project is completed all personal identifying information will be removed from the 

paper records and electronic files which represent the data from the project, and that these will be 

placed in secure storage and kept for at least ten years.  

9. I understand that the results of the project may be published and be available in the University of Otago 

Library, but that either (i) I agree that any personal identifying information will remain confidential 

between myself and the researchers during the study, and will not appear in any spoken or written 

report of the study  

10. I know that there is no remuneration offered for this study, and that no commercial use will be made of 

the data.  

11. I understand that the specimens will be disposed of following their analysis 

12. I understand that information about my gastrointestinal microbiome may be used for future genomic 

research.  

Signature of participant:  Date: 

   

   

 

Name of person taking consent  Date: 
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