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CHAPTER 2
INTRODUCTION AND
Individual patient data meta-analysis of
OUTLINEversus
OFantibiotic
THESIS
observational
treatment of
acute uncomplicated diverticulitis

INTRODUCTION
Diverticulosis, acute diverticulitis and (symptomatic uncomplicated) diverticular disease
Various terminology is used in diverticular literature which should be clearly defined for
adequate interpretation of its findings. Patients with colonic diverticulosis have one or more
diverticula of the colon. Diverticula are outpouchings of the colonic wall that mostly occur in
the sigmoid colon in the Western world, opposed to the Asian population in which right-sided
diverticulosis is much more common. Acute diverticulitis is the inflammatory complication
of colonic diverticulosis. Acute diverticulitis can be further divided into uncomplicated
diverticulitis – peridiverticular inflammation only – and complicated diverticulitis comprising
diverticular abscess, perforation, colonic obstruction and fistula. Diverticular disease is
another frequently used term, however the meaning differs between studies leading to
misinterpretation. Some use diverticular disease for patients with diverticulosis only, some
use the term for diverticulosis accompanied by abdominal complaints, and others even use
the term for the entire spectrum of diverticular diseases from diverticulosis to complicated
diverticulitis. Increasing the confusion in terminology, for some complicated diverticular
disease can mean uncomplicated acute diverticulitis. Another term that is frequently
used is symptomatic uncomplicated diverticular disease, which is mostly defined by
abdominal complaints (probably) related to colonic diverticulosis with or without increased
inflammatory markers such as C-reactive protein or white blood cell count.
This thesis focusses on patients with acute diverticulitis, meaning patients with at least
diverticular inflammation confirmed by imaging. Whereas ultrasonography is sufficiently
accurate for the diagnosis acute diverticulitis, computed tomography (CT) is better in finding
complicated diverticulitis or alternative diagnoses.1,2Since most chapters of this thesis focus
on uncomplicated diverticulitis or on a specific diverticular complication, most studies only
include CT-proven acute diverticulitis patients.
Classification
Several acute diverticulitis classifications have been developed to grade the disease severity
and to select the adequate treatment strategy. The Hinchey classification is most commonly
used in literature. It was originally introduced in 1978 but the modified Hinchey classification
3,4
that has been introduced in 1999 is used nowadays.
This modification incorporated CT
findings into the classification. (Table 1)
Epidemiology
The prevalence of colonic diverticulosis ranges from 10% in individuals under the age of 40 up
to 50% to 70% in elderly patients. The vast majority of these patients remain asymptomatic.
5,6
Approximately 4% to 7% of patients will develop one or more episodes of acute diverticulitis.
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Table 1.Modified Hinchey classification.4
Stage

Definition

1a

Confined pericolic inflammation or phlegmon

1b

Pericolic or mesocolic abscess

2

Pelvic, distant intra-abdominal or retro-peritoneal abscess

3

Purulent peritonitis

4

Faecal peritonitis

Roughly two-third of patients present with uncomplicated diverticulitis, and one-third has
a diverticular complication at presentation.7,8The incidence of acute diverticulitis is rising in
the Western world, and probably will keep rising because of the increased life expectancy
and increasing incidence with age.9-11 The entire spectrum of diverticulosis-related diseases is
the eight most frequent outpatient gastrointestinal diagnosis with over 2.7 million visits each
year in the US. In 2012, acute diverticulitis accounts for over 200,000 admissions annually
11
with an aggregate cost of 2.2 billion US dollars.
After an episode of acute diverticulitis has
resolved, patients can develop one or more recurrent episodes. The proportion of patients
that develops a recurrence varies widely in literature, depending on diagnostic criteria used
and the reported follow-up duration, but mostly ranges between 13% and 40%.
Treatment
The treatment of acute diverticulitis has been evolving in last decades. In almost all stages
of the disease, treatment has become more conservatively. Percutaneous abscess drainage
has become the preferred approach rather than surgical abscess drainage in diverticulitis.
Laparoscopic lavage rather than sigmoid resection has become an option for perforated
diverticulitis with purulent peritonitis, and a primary anastomosis may be created rather
than performing the formerly golden standard Hartmann’s procedure. Surgery for recurrent
diverticulitis has been debated but positively affected quality of life when more recurrences
are encountered. In contrast to these evidence-based shifts towards more conservative
treatment strategy, several other treatment strategies are widely implemented into daily
practice without scientific grounds. Expert opinion and tradition play an important role in
the management of acute diverticulitis. An example of such a treatment strategy that lacks
scientific grounds is dietary restrictions as part of the treatment of acute diverticulitis. No
benefits of dietary restrictions have even been proven. Two studies have even shown the
safety of an unrestricted diet, nevertheless dietary restrictions are still regularly imposed by
physicians worldwide.
Antibiotic treatment of uncomplicated acute diverticulitis is another treatment strategy that
has been adopted worldwide without any evidence in favour of it, and one of the main
issues in this thesis. In recent years, two randomized controlled trials showed the safety of
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omitting antibiotics for uncomplicated acute diverticulitis. The Scandinavian AVOD trial12
was published in 2012 and found comparable rates of complicated diverticulitis and surgery
among groups within 1 year. The Dutch DIABOLO trial13, which is the foundation of this thesis,
published short-term results in 2017 and demonstrated a comparable time-to-recovery
and rates of complicated diverticulitis and surgery within 6 months for observational
compared to routine antibiotic treatment. However, to provide a complete overview on the
consequences of omitting antibiotics for uncomplicated diverticulitis, additional outcomes
need to be assessed. Important secondary outcomes of the DIABOLO trial were long-term
results, quality of life, cost-effectiveness and the effect of antibiotic on the gut microbiome
which are assessed in this thesis. Antibiotic treatment of acute diverticulitis usually
comprises an intravenous antibiotic start and thereby admission, whereas non-antibiotic
treatment facilitates the possibility for outpatient treatment. If patients can be treated
without antibiotics, some patients may be candidates for outpatient rather than inpatient
treatment.
In the shift towards less invasive and more conservative treatment of acute diverticulitis,
patient selection plays an important role. Patients at risk for complications may need a
different approach than the majority of patients in which treatment strategies have been
studied. Patients can be at risk for a deviant clinical course in two ways. First, patients with
a CT-proven uncomplicated acute diverticulitis may progress into diverticular complications
in the days or months after presentation. The identification of patients at risk for this
progression barely have been studied, but are needed when patient tailored management
will become increasingly important. Secondly, features that may be predictive for a less
favourable clinical course may already be present at first presentation, such as an abscess or
pericolic extraluminal air. Physicians have their own experiences and opinions about these
features and how to treat them, but little research has been done. Therefore, patients are
treated based on expert opinion rather than evidence based treatment, possibly resulting
in over- or under treatment and a great variety in treatment strategies between and within
countries.
After an episode of acute diverticulitis has passed, the question rises whether or not to
perform a screening colonoscopy. Acute diverticulitis has been associated with colorectal
malignancy for decades, which led to routine colonoscopy in acute diverticulitis patients to
rule out such a malignancy. However, probably there is no causal association but colorectal
carcinoma being misdiagnosed as acute diverticulitis. Improved diagnostics by means of CT
increased the diagnostic accuracy and decreased the number of misdiagnoses. However,
most guidelines still recommend routine colonoscopy after an episode of acute diverticulitis.
Colonoscopy is not a harmless procedure due to the risk of perforation, costs and patients’
discomfort. Therefore, it is important to assess the association between acute diverticulitis
and colorectal malignancy in this modern era.

10
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Aim of the thesis
In summary, the treatment of acute diverticulitis has been become more conservatively, or
rather less aggressive. This shift requires better selection of patients that may or may not be
candidates for a more conservative approach. Furthermore, several treatment strategies are
widely implemented without any scientific grounds, whereas other strategies may be oldfashioned and current evidence deemed too weak or implemented insufficiently. This thesis
aimed to make a contribution to these issues. Whereas the short-term safety of omitting
antibiotics for uncomplicated acute diverticulitis has been demonstrated in the publication
by Daniels et al13, this thesis aimed to reveal all consequences of omitting antibiotics by
assessing the long-term results, quality of life, cost effectiveness and effects on the gut
microbiome. Furthermore, this thesis aimed to assess whether specific patient subgroups
could be considered uncomplicated diverticulitis by assessing the virulence of patients with
a small abscess or pericolic air, and by identifying uncomplicated diverticulitis patients that
are at risk of a complicated course. Last, this thesis aimed to aggravate current evidence on
controversial topics, providing evidence based conclusions to physicians.
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OUTLINE OF THESIS
Chapter one provides a narrative overview of evidence in (uncomplicated) acute diverticulitis
at the time this thesis was initiated. It includes the conservative treatment of acute
diverticulitis, patient subgroups that may have a deviant clinical course and the prevention
of recurrent diverticulitis. Moreover, it discusses the short-term results of the DIABOLO
trial. Hereafter, this thesis is divided into three parts. Part one covers the consequences
of omitting antibiotics for uncomplicated diverticulitis in which the chapters are mainly
based on results of the DIABOLO trial. Part two defines the border between uncomplicated
and complicated diverticulitis by assessing the disease virulence in specific subgroups of
patients. Part three aggravates current evidence on several controversial topics.
Part 1
In chapter two, short-term results of the two randomized clinical trials (AVOD trial and
DIABOLO trial) are merged in an individual patient data meta-analysis. Somewhat but nonsignificant higher rates of complicated diverticulitis and sigmoid resection are assessed
again, using the increased power of this combined sample size. Also, and more importantly,
it is tested whether patient subgroups that may benefit from antibiotic treatment could be
identified. Subsequently, the long-term results of the DIABOLO trial are reported in chapter
three, followed by the quality of life in chapter four and cost-effectiveness in chapter five.
The effects of antibiotics on the gut microbiome in acute diverticulitis patients are assessed
in chapter six.
Part 2
Uncomplicated diverticulitis patients may progress to complicated diverticulitis in the days
to months after presentation. Chapter seven assesses whether CT imaging may reveal
risk factors that are already present at presentation, which predict complications later on.
Chapter eight also studies risk factors for such a complicated disease course, but focusses on
patient characteristics and clinical parameters as potential predictors. Chapter nine analyses
the virulence of small diverticular abscesses, to assess whether patients with a small abscess
could be managed as uncomplicated diverticulitis. Whereas free perforation is a known risk
factor for complications and therefore patients need an intervention, pericolic extraluminal
air may be candidate for an initially conservative approach. Chapter ten summarizes current
evidence on this patient subgroup. Since the level of evidence appeared to be very low,
chapter eleven covers an additional observational study on this patient subgroup.
Part 3
Many physicians believe that young patients are at higher risk of complicated diverticulitis and
recurrent diverticulitis. Chapter twelve tests the validity of these believes by summarizing all
current evidence on this topic. Whereas all diverticulitis patients were traditionally admitted
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to the hospital, a large group of patients may be treated as outpatients. Nevertheless,
currently only few patients are treated as outpatients and therefore chapter thirteen
assesses the safety of outpatient treatment and identifies the subgroup of patients that is
candidate for outpatient treatment. Many patients undergo a colonoscopy after an episode
of acute diverticulitis to rule out a colorectal malignancy. However, the association between
acute diverticulitis and colorectal malignancy is questionable and is frequently studied in
recent years. Therefore, chapter fourteen summarizes all current evidence and answers
the question whether or not to perform colonoscopies routinely after an episode of acute
diverticulitis.
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CHAPTER
CHAPTER 2
1
Individual patient data meta-analysis of
Conservative treatment of acute
observational versus antibiotic treatment of
colonic diverticulitis
acute uncomplicated diverticulitis

S. van Dijk
S.J. Rottier
A.A.W. van Geloven
M.A. Boermeester

Current Infectious Disease Reports 2017 Sep 23;19(11):44.

ABSTRACT
Purpose of review
Since the treatment of acute diverticulitis has become more conservative over the last
years, knowledge of conservative treatment strategies is increasingly important.
Recent findings
Several treatment strategies that previously have been imposed as routine treatment
are now obsolete. Uncomplicated diverticulitis patients can be treated without
antibiotics, without bed rest, and without dietary restrictions; and a selected group
of patients can be treated as outpatients. Also, patients with isolated pericolic
extraluminal air can be treated conservatively as well. Whereas some patient
subgroups have been suggested to suffer from a more virulent disease course or higher
recurrence rates, current evidence does not support all traditional understandings.
Patients on immunosuppression or non-steroidal anti-inflammatory drugs seem to
have a higher risk of complicated diverticulitis, but young patients do not. Data on
the risk of recurrent diverticulitis in young patients is conflicting but the risk seems
comparable to elderly patients. Besides the traditional treatments, several new
treatment strategies have emerged but have failed thus far. Mesalazine does not have
any beneficial effect on preventing recurrent diverticulitis based on current literature.
Rifaximin and probiotics have been studied insufficiently in acute diverticulitis patients
to conclude on their efficacy. This review provides an overview of recent developments
in conservative treatment strategies of acute diverticulitis and discusses the latest
evidence on patient subgroups that have been suggested to suffer from an aberrant
disease course.
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The incidence of diverticulosis and its complication acute diverticulitis is increasing
worldwide and is imposing a growing burden on national healthcare systems.1 In past
years, there has been a strong tendency towards a more conservative treatment of acute
diverticulitis, resulting in an expansion of knowledge about conservative treatment options
and development of new treatment strategies.2This tendency is pointed out in the role of
antibiotics in uncomplicated diverticulitis, outpatient rather than inpatient treatment, and
pharmacological therapies that may replace surgery to prevent recurrent diverticulitis. Even
for complicated diverticulitis, this same tendency of less aggressive treatment is observed
with percutaneous abscess drainage or laparoscopic lavage for perforated diverticulitis. In
addition, older treatment strategies like dietary restrictions and bed rest are still regularly
used in daily practice. This review discusses the latest evidence on conservative treatment
strategies for acute diverticulitis.
Treatment of Acute Diverticulitis
Diet
Dietary restrictions, from nil-per-mouth to liquids only or low-fiber diet, have been imposed
as part of the routine treatment of acute diverticulitis. This is more tradition- than evidencebased. In recent years, two studies have shown that an unrestricted diet is not associated
with an increase of diverticular complications.3,4In a retrospective cohort study, no increase
of diverticular perforation or abscess is found for solid food compared with a liquid diet,
clear liquid diet, or nil per os.4 Although patients with dietary restrictions tended to suffer
from more severe diverticulitis (abscess) at presentation, results have not been adjusted
for these confounders. Another, prospective single-arm cohort, study has included 86
uncomplicated diverticulitis patients; all with an unrestricted diet.3 Eight per cent of these
patients developed complications, including readmission for pain without diverticular
complications, recurrent diverticulitis, surgery for ongoing symptoms, and free perforation.
This rate is comparable to reported rates in literature. The quality of this evidence is very low,
but conversely there is no evidence in favor of dietary restrictions. Therefore, an unrestricted
diet seems justified in patients with acute diverticulitis, in the absence of planned invasive
procedures that demand fasting.
Bed Rest
Along with dietary restrictions, bed rest has been part of the routine treatment of acute
diverticulitis. However, beneficial effects of bed rest have never been studied nor proven.
Considering the overall trend of early mobilization in other medical research fields, of which
beneficial effects have been proven in programs such as the Enhanced Recovery After
Surgery (ERAS®) program5, bed rest has no place in the treatment of acute diverticulitis.
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Chapter 1

INTRODUCTION

Antibiotics in Uncomplicated Diverticulitis
Routine antibiotic treatment of uncomplicated acute diverticulitis used to be, and in part still
is, a standard practice. Several observational studies however show that omitting antibiotics
6,7
may be safe. Two randomized clinical trials followed, published in 2012 and 2017.
The
Scandinavian AVOD trial6 has randomized 623 CT-proven uncomplicated (Hinchey 1a only)
diverticulitis patients, first or recurrent attack, to observational or antibiotic treatment.
No differences are found in rates of complicated diverticulitis during initial hospital stay
(1.9% (6/309) in the observational group versus 1.0% (3/314) in the antibiotic group; p =
0.302), emergency sigmoid resections (0.3% (1/309) in the observational group versus 1.0%
(3/314) in the antibiotic group; p = 0.324), and recurrent diverticulitis at 1-year follow-up
(16.2% (47/290) in the observational group versus 15.8% (46/292) in the antibiotic group; p
= 0.881). The Dutch DIABOLO7 trial
randomized 528 CT-proven uncomplicated (Hinchey 1a
and 1b, see Table 1 for an explanation of the Hinchey classification) diverticulitis patients to
observational or antibiotic treatment. The primary endpoint, time-to-recovery, as defined
by fulfilling several clinical parameters such as discharge from hospital, normal diet, and low
pain scores, was comparable among groups (median 14 days (IQR 6–35) in the observational
group versus median 12 days (IQR 7–30) in the antibiotic group; p = 0.151). Also, secondary
outcomes within 6 months of follow-up did not differ between groups; complicated
diverticulitis (3.8% (10/262) versus 2.6% (7/266), respectively; p = 0.377), emergenc
surgery (0.8% (2/262) versus 1.1% (3/266), respectively; p = 0.553), overall morbidity (48.5
(127/262) versus 54.5% (145/266), respectively; p = 0.221), and recurrent diverticu
(3.4% (9/252) versus 3.0% (8/266), respectively; p = 0.494. Observation alone, patients had
a significantly shorter length of hospital stay (median 2 days (IQR 1–3) versus median 3 days
(IQR 2–3) in the antibiotic group (p = 0.006). Results from these randomized clinical trials
confirm that omitting antibiotics in the treatment of uncomplicated diverticulitis is without
significant short-term and mid-term repercussions.
Table 1.Acute diverticulitis staging according to the modified Hinchey classification.36
Stage

Definition

1a

Confined pericolic inflammation or phlegmon

1b

Pericolic or mesocoliv abscess

2

Pelvic, distant intra-abdominal or retro-peritoneal abscess

3

Purulent peritonitis

4

Fecal peritonitis

Outpatient Treatment
Until several years ago, routine intravenous antibiotic treatment made hospital admission
inevitable. As at first oral antibiotic treatment and later treatment without antibiotics
appeared to be safe in uncomplicated diverticulitis patients, outpatient treatment became
feasible. Mainly in the last 5 years, several studies (four observational cohort studies and
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one randomized clinical trial) on outpatient treatment of imaging-proven acute diverticulitis
were published. In observational studies, however, patients are assigned to inpatient
or outpatient treatment based on disease severity and clinical condition hampering a
reliable comparison of readmission and complication rates. Only two studies have made
a fair comparison of inpatient versus outpatient treatment. One randomized clinical
trial9 randomizing uncomplicated acute diverticulitis patients to inpatient or outpatient
treatment, and a prospective cohort study10 assigning uncomplicated diverticulitis patients
to inpatient or outpatient treatment based on the time period before and after local protocol
included outpatient treatment. The randomized clinical trial, including 132 patients, found
no difference in readmission rate (4.5% (3/66) in the outpatient group versus 6.1% (4/66)
in the inpatient group; p = 0.619) and no need for emergency surgery or percutaneous
abscess drainage in either group.9 The prospective cohort study also found no difference in
readmission rate (6.3% (2/32) in the outpatient group versus 0.0% (0/44) in the inpatient
group; p = 0.174) and no need for emergency surgery or percutaneous abscess drainage in
either group.10 Both studies observed cost savings in favor of the outpatient group ranging
from 67 to 82%. Most patients were readmitted because of persistent pain or vomiting in
absence of any diverticular complications. Not all acute diverticulitis patients, however, are
suited for outpatient treatment. Most studies only included patients with uncomplicated
acute diverticulitis, without serious comorbidity or immunocompromised state, that were
able to tolerate oral intake and had an adequate social or family network. For these types of
patients, outpatient treatment seems to be safe.
Pericolic Extraluminal Air
Along with an increasing usage and quality of computed tomography (CT) in diagnosing
acute diverticulitis, pericolic extraluminal air is encountered more and more. Although
in approximately 15% of all acute diverticulitis patients pericolic extraluminal air is seen,
little is known about the natural course and whether these patients should be treated as
uncomplicated diverticulitis or more aggressively as complicated diverticulitis. Nowadays,
treatment of these patients is mainly based on the opinion and experiences of the physician,
possibly causing over- or under treatment. Several studies including patients with acute
diverticulitis and pericolic extraluminal air have been published so far, using a variety of
terms like “free air within 5 cm of the inflamed colon segment,” “contained perforation,”
“localized pericolic free air,” or “air within the mesentery”.11-16 No more than one study
evaluated the need for emergency surgery in isolated pericolic extraluminal air patients
and in uncomplicated acute diverticulitis patients, but no events were observed in either
group.14 In six studies, 0 to 11% of patients needed emergency surgery within the initial
acute diverticulitis episode.11-16 Most of these rates are higher than the reported 1 to 2%
need for emergency in uncomplicated diverticulitis in literature. Based upon this scarce
evidence, an initial conservative approach is advocated in isolated pericolic extraluminal air
patients.
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Patient Subgroups
Young Patients
Large observational studies have suggested a more virulent disease course and higher
recurrent diverticulitis rates in young patients. Most of these studies, however, are based
on existing databases that lack an imaging-proven diagnosis of acute diverticulitis. This
confirmation is essential to prevent that patients suffering from different diseases but with
comparable symptoms, such as inflammatory bowel disease or irritable bowel syndrome,
enter the study group. Studies that only include computed tomography-proven acute
diverticulitis patients have found comparable proportions of complicated diverticulitis at
presentation and comparable rates of emergency surgery in young (using cut-offs at 40 or
17-20
50 years) and elderly patients.
Nevertheless, these CT-based studies have found slightly
higher rates of recurrent diverticulitis. However, one major limitation of these studies
should be considered; these studies do not report the duration of follow-up for each age
group separately, hampering the comparison of an outcome measure that relies mostly on
the duration of follow-up in which a recurrence can occur.18,20,21
In the only three studies
that report the risk of recurrent diverticulitis using hazard ratios, in which the follow-up
duration of each patient is taken into account, comparable risks of recurrent diverticulitis
are found for young and elderly patients.22-24
In summary, young patients do not suffer from
a more virulent or recurrent disease course compared to elderly patients. Studies on the risk
of recurrent diverticulitis show conflicting results, but those studies with the most reliably
design have not found an association with age. Consequently, young patients should not
be treated more aggressively, in particular surgically, for the prevention of complications or
recurrences.
Immunocompromised Patients
The role of immunosuppression in the natural course of acute diverticulitis is studied
most reliably in post-transplant patients. In these studies, treatment is well documented
and the immunosuppressed state of patients is a fact. Other immunosuppressed patient
groups have also been studied, such as patients using steroids and diabetic patients. A
systematic review, including 17 observational studies and a total of 11,866 post-transplant
patients, demonstrates that a pooled 40% (95% CI 32–50%) of post-transplant patients with
acute diverticulitis have complicated diverticulitis.25Two observational studies that were
published more recently reported even higher proportions of complicated diverticulitis in
26,27
post-transplant patients; 57 and 56%.
In non-transplant patients, approximately onethird of all acute diverticulitis patients have complicated disease.
A systematic review of five studies comparing patients with and without steroid use shows
significantly higher odds of diverticular perforation in patients on steroids (odds ratio
28
9.1; 95% CI 3.5–23.6).
The association between immunosuppression and complicated
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diverticulitis is less obvious in patients with diabetes mellitus. Two observational studies
report proportions of patients with complicated diverticulitis in diabetic and non-diabetic
patients and show opposite results.29,30
The one study29reports a significantly higher
proportion of complicated diverticulitis in diabetic patients (44 versus 32%, p = 0.005), while
the other study30 reports a non-significantly lower rate (19 versus 25%, p = 0.457) and a
significantly lower adjusted odds ratio 0.18 (95% CI 0.04– 0.80) for complicated disease in
diabetic patients. In summary, immunosuppressive medication is associated with a higher
risk of complicated acute diverticulitis. This association has not been demonstrated in
diabetic patients.
Patients on Medications
Several types of medication have been linked to a more complicated or less complicated
course of acute diverticulitis. For some types of medication, a possible underlying mechanism
is suggested. Nonsteroidal anti-inflammatory drugs (NSAIDs) may affect inflammation and
increase the rate of complicated diverticulitis. Calcium channel antagonists may reduce the
rate of complicated diverticulitis due to their relaxation of smooth muscle.

A systematic review including ten case control studies and one cohort study assessed
NSAIDs, aspirin, opioids, and calcium channel antagonists as potential risk factors for
complicated diverticulitis.28All 11 included studies found a higher risk (and in ten of these,
a significantly higher risk) of complicated diverticulitis in previous or current NSAID users.
The pooled odds ratio of complicated diverticulitis in NSAID users is 2.49 (95% CI 1.98–
3.14) compared to control groups. Also, patients on opioids appear to be at higher risk of
developing complicated diverticulitis. Pooled results from three studies yield an odds ratio
of 2.52 (95% CI 1.77–3.57). For both NSAIDs and opioids, it is relevant to know whether
cessation or start of these drugs at the time of the acute diverticulitis diagnosis influences
the natural course of diverticulitis, but this question remains unanswered thus far. Neither
aspirin nor calcium channel antagonists are associated with a higher risk of complicated
diverticulitis (pooled odds ratio 1.03 (95% CI 0.69–1.55) and pooled odds ratio 0.70 (95% CI
0.37–1.34), respectively).
Prevention of Recurrent Diverticulitis
Cyclic or continuous pharmacological therapies to prevent recurrent diverticulitis after
an acute episode have been subject of research. The main candidates are rifaximin (a
poorly absorbed antibiotic), mesalazine (an anti-inflammatory agent), and probiotics (live
microorganisms that may alter or restore the gut microbiome). Although these therapies were
frequently studied in patients with asymptomatic diverticulosis or symptomatic diverticular
disease, studies in imaging-proven acute diverticulitis patients are scarce. Pharmacological
effects in patients with symptomatic diverticular disease may well differ from those in

CONSERVATIVE TREATMENT OF ACUTE COLONIC DIVERTICULITIS

21

patients with acute diverticulitis. Therefore, to study the effect of pharmacological therapies
on acute diverticulitis patients, an imaging-proven diagnosis is needed.
Antibiotics (Rifaximin)
Two observational cohort studies on rifaximin treatment of imaging -proven acute
diverticulitis patients have been published.31,32
Both studies compare rifaximin treatment
with mesalazine treatment instead of comparison with placebo or no treatment at all. One
was a retrospective study including 124 patients and showed that the risk of recurrence was
lower in the rifaximin group compared with the mesalazine group (hazard ratio adjusted for
age and gender 0.27; 95% CI 0.10–0.72). The other study was a prospective cohort study that
demonstrated opposite results. In the rifaximin group (treated 7 days a month), significantly,
more patients developed recurrent diverticulitis compared with daily mesalazine treatment.
Importantly, this study reports only p values and fails to report any raw data. Currently,
there is insufficient evidence that rifaximin prevents recurrent diverticulitis.
Anti-Inflammatory Drugs (Mesalazine/5-ASA)
Three studies, reporting results from four randomized, placebocontrolled trials, have been
published. An Italian study33 randomized patients to a monthly 10-day cycle of mesalazine
or placebo treatment. Recurrent diverticulitis rates were comparable at 12 months (RR
0.88; 95% CI 0.29–2.71), and slightly but not significantly lower in the mesalazine group at
24 months (RR 0.49; 95% CI 0.20–1.19). An 34
American
randomized
studypatients to daily
mesalazine or placebo treatment during 3 months and followed patients for 12 months.
Rates of recurrent diverticulitis were comparable in this study (RR 0.91; 95% CI 0.42–1.97).
Another two randomized, placebo-controlled trials have been published in one paper
recently.35 Both trials were multinational studies, taking place in 11 and nine countries,
respectively, randomizing patients to daily mesalazine or placebo treatment during the
entire follow-up duration. In both trials, no differences were found in the proportion of
patients free of recurrent diverticulitis at 48 weeks; 67.9% in the mesalazine group versus
74.4% in the placebo group (p = 0.226) in one trial, and 52.0% in the mesalazine group versus
58.0% in the placebo group (p = 0.860) in the other trial. Also after 96 weeks of treatment
and follow-up in one of the trials, no differences were found. In summary, although effects
on complaints in patients with symptomatic diverticular disease have been found36, the four
randomized placebo-controlled trials in patients with imaging proven acute diverticulitis
show no effect of mesalazine in the prevention of recurrent diverticulitis.
Probiotics
Only one study, a randomized controlled trial, assessed the efficacy of probiotics in imaging
proven acute diverticulitis patients.34 Patients were randomized to mesalazine monotherapy,
combined mesalazine and probiotic treatment, or placebo treatment for 3 months. At a
follow-up duration of 12 months, the three study groups showed comparable results;
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Conclusions and Future Perspectives
To study the effects of treatment in acute diverticulitis patients, an imaging proven diagnosis
of acute diverticulitis is essential. Studies without this diagnostic confirmation include
patients that suffer with other diseases such as symptomatic uncomplicated diverticular
disease, irritable bowel syndrome, or inflammatory bowel disease. Results from these types
of studies cannot be reliably extrapolated to acute diverticulitis patients. Therefore, this
review has focussed on the available evidence on conservative treatment of imaging proven
acute diverticulitis. Table 2 shows the summary of available evidence.
Several treatment strategies that previously have been imposed as routine treatment are
now obsolete. Dietary restrictions and bed rest have no place in the treatment of acute
diverticulitis any more. Omitting antibiotics for uncomplicated diverticulitis has shown to
be safe, and therefore antibiotics should not be used in these patients routinely. This recent
development has opened doors for outpatient treatment, as inpatient treatment with
antibiotics is no longer needed. Outpatient treatment is safe in uncomplicated diverticulitis
patients without serious comorbidity or immunosuppression, who are able to tolerate
oral intake and have an adequate social network. Patients with pericolic extraluminal
air on imaging are seen more frequently because of the increasing use of computed
tomography. Conservative treatment has shown to be successful in the vast majority of
these patients. Patients on immunosuppressive and non-steroidal anti-inflammatory drugs
seem to have a higher risk of developing complicated diverticulitis. Young patients are not
at risk for a more virulent disease course. Data regarding risk of recurrent diverticulitis in
young patients seem conflicting but when the follow-up duration is taken into account,
rates of recurrent diverticulitis are comparable to rates in elderly patients. To date, no
pharmacological therapies have been able to prevent recurrence of diverticulitis after an
acute episode. Mesalazine did not show any effect in four randomized placebo-controlled
trials, whereas rifaximin and probiotics have not been studied sufficiently to conclude
anything on their efficacy. Although high fiber diets or some form of dietary restriction
are frequently recommended following an episode of acute diverticulitis, these strategies
have not been proven. Even data on efficacy of dietary restrictions or supplementation in
symptomatic diverticular disease patients is scarce, inconsistent, and of very low quality. For
the prevention of recurrent disease in imaging-proven acute diverticulitis patients, there is
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31% of patients in the combined mesalazine and probiotics group developed recurrent
diverticulitis, versus 31% of the placebo group and 28% of the mesalazine group. Also, no
statistically significant differences were found for the amount and severity of symptoms
at 3 and 12 months. No study compared probiotic monotherapy with placebo treatment.
Further studies are needed to draw firm conclusions but as yet, the available evidence does
not support the use of probiotic treatment for prevention of recurrent diverticulitis.

Table 2. Summary of current evidence on the conservative treatment of acute
diverticulitis.
Treatment
strategies
in acute
diverticulitis

Intervention
or group
Diet

Conclusion

Evidence

Some low quality and observational
evidence shows the safety of
an unrestricted diet, whereas
no evidence in favour of dietary
restrictions exists.
Bed rest
No place for bed rest in Beneficial effects have never been
the treatment of acute studied nor proven.
diverticulitis.
Antibiotics in
Omitting antibiotics is Two RCT’s show that omitting
uncomplicated safe in uncomplicated antibiotics is without significant shortdiverticulitis
diverticulitis patients. term and mid-term repercussions.
Outpatient
Safe for uncomplicated One RCT and an observational study
treatment
diverticulitis patients
show no increased readmission rate.
without serious
Readmissions are predominantly
comorbidity or
because of vomiting or persistent
immunocompromised pain instead of diverticular
state and with an
complications.
adequate social
network.
Pericolic
Initial conservative
Although slightly higher than for
extraluminal air approach is advocated uncomplicated diverticulitis patients
in isolated pericolic
in literature, rates of need for
extraluminal air
emergency surgery are relatively low
patients.
in observational studies.
Altered disease Young patients No more virulent or
Observational studies show
course in patient
recurrent disease
comparable proportions of
subgroups
course compared to
complicated diverticulitis. Studies
elderly patients.
that take follow-up duration
into account, have not found an
association between recurrent
diverticulitis and age.
ImmunoImmunosuppressive
Observational studies show higher
compromised
medication is
risks of complicated diverticulitis in
patients
associated with higher post-transplant patients or patients
risk of complicated
on steroids. Studies with diabetic
diverticulitis; diabetes patients report conflicting results.
mellitus is not.
Patients with
Patients on NSAIDs or Mainly case-control studies
medication
opioids are at higher
show higher risks of complicated
risk of complicated
diverticulitis in patients on NSAIDs
diverticulitis.
or opioids. The effect of start or
cessation of these drugs at the time
of diverticulitis presentation has not
been studied.
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Unrestricted diet
seems justified.
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Probiotics

Insufficient evidence to Two observational studies comparing
conclude on efficacy.
rifaximin with mesalazine show
conflicting results.
No beneficial effect on Four placebo controlled RCTs show
preventing recurrent
no differences in rates of recurrent
diverticulitis.
diverticulitis between groups.
Insufficient evidence to One RCT comparing placebo with
conclude on efficacy.
combined mesalazine and probiotics
treatment shows no difference in
recurrence rates.

a complete lack of evidence for efficacy of dietary interventions. As a consequence, there
are no grounds for dietary advice to prevent recurrent episodes or complaints after acute
diverticulitis.
For patients with acute diverticulitis, a great deal is to be gained when evidence-based
treatment is implemented in daily practice, instead of treating patients based on traditional
understandings or inadequate interpretation of available evidence. A topic that urgently
needs be addressed in future research is the pharmacological prevention of recurrent
diverticulitis and persistent complaints. Furthermore, future studies should focus on the
identification of patients at risk for the development of complications or persisting complaints
from acute diverticulitis in order to develop patient-tailored treatment strategies, either by
new treatments or by using more aggressive strategies in well selected patients with initially
uncomplicated diverticulitis.
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Pharmacological Rifaximin
prevention
of recurrent
diverticulitis
Mesalazine
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ABSTRACT
Background
Two RCTs (AVOD and DIABOLO) showed no difference in recovery or adverse outcomes
when omitting antibiotics for acute uncomplicated diverticulitis. Both trials however
showed non-significantly higher rates of complicated diverticulitis and sigmoid
resection in the non-antibiotics groups. Since the trials lacked statistical power to
detect differences in secondary outcomes, meta-analysis of individual patient data
was performed, aiming to identify patients at risk for complications that may benefit
from antibiotic treatment.
Methods
Individual patient data of patients with uncomplicated diverticulitis from two RCTs
comparing observational and antibiotic treatment were pooled; 545 patients in
the observational group and 564 patients in the antibiotic group. Risk factors for
adverse outcomes and the effect of observational management on the risk of adverse
outcomes were assessed using logistic regression analyses. P<0·025 was considered
statically significant due to multiple testing adjustment.
Findings
No statistical differences were found in 1-year follow-up rates of ongoing diverticulitis
(observational 7·2% versus antibiotics 5·0%; p=0·062), recurrent diverticulitis
(observational 8·6% versus antibiotics 9·6%; p=0·610), complicated diverticulitis
(observational 4·0% versus antibiotics 2·1%; p=0.079) and sigmoid resection
(observational 5·0% versus antibiotics 2·5%; p=0·214). An initial pain score >7, white
9
blood cell counts >13·5x10
/L and previous acute diverticulitis at presentation were
risk factors for adverse outcomes. Antibiotic treatment did not prevent adverse
outcomes in patients at high-risk for adverse events.
Interpretation
Observational management of acute uncomplicated diverticulitis is safe, given the
comparable rates of adverse events up to 1 year compared to routine antibiotic
treatment Some statistical uncertainty may remain depending on thresholds of clinical
relevance as the sample size of the meta-analysis was insufficient to detect small
differences. However, in risk factor analyses no patient subgroup could be identified
that could potentially benefit from antibiotic treatment.
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INTRODUCTION
Acute uncomplicated diverticulitis has been routinely treated with antibiotics for decades,
although evidence in favour of antibiotic treatment has always been lacking. Recently
two randomized clinical trials (RCT) demonstrated the safety of omitting antibiotics in the
treatment of acute uncomplicated diverticulitis up to 1 year of follow-up.1,2First, the AVOD
trial1 showed comparable rates of complicated diverticulitis, recurrent diverticulitis and
sigmoid resection between observational and antibiotic treatment. Second, the DIABOLO
trial2found no significant differences regarding time-to-recovery, complicated diverticulitis,
recurrent diverticulitis and sigmoid resection. However, both RCTs showed somewhat – by
enlarge non-significant – higher rates of complicated diverticulitis and sigmoid resections
in the non-antibiotic group. Since the studies were not both powered for these secondary
outcomes, uncertainty remained whether these small differences could potentially be true
causal associations, the consequence of patient selection or findings by chance in accordance
with statistical non-significance. A regular meta-analysis of the two RCTs would not be able
to account for different follow-up durations and different outcome definitions that were
provided in the result papers of both studies. In contrast, a meta-analysis on individual
patient data level (IPDMA) can not only account for these differences but additionally
provides an opportunity using the increased sample size of both trials combined. The aim
was to identify patients at risk for complications who may benefit from antibiotic treatment.

METHODS
Study design and patient population
Individual patient data from two open-label randomized clinical trials (AVOD trial and DIABOLO
trial) were pooled in the present study. The AVOD trial1 was conducted in 11 hospitals in
2
Sweden and Iceland during 2003-2010. The DIABOLO
was conducted
trial
in 22 hospitals in
the Netherlands during 2010 – 2012. Both included only left-sided, computed tomography
(CT) proven acute uncomplicated diverticulitis patients, and excluded immunocompromised
patients, pregnant patients, and patients with signs of sepsis. Patients with small pericolic
abscesses (Hinchey stage 1b3) from the DIABOLO trial were excluded in the present study,
since the AVOD trial included only patients without abscesses and the number of Hinchey
1b patients in the DIABOLO trial was low (42 out of 528). Patients from both studies were
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treated in the AVOD trial with broad-spectrum antibiotics, intravenously or orally for seven
days, and in the DIABOLO trial for at least 48 hours intravenously with a total of ten days.
In the AVOD trial, all patients were admitted after which patients were discharged based
on the assessment of the attending surgeon in both study groups. In the DIABOLO trial,
patients in the observational group could be treated as outpatients when predefined criteria
were met whereas patients in the antibiotic group were all admitted on the premise that
treatment was started intravenously and were only considered for outpatient treatment
after 48 hours. Table 1 shows a summary of study characteristics of the DIABOLO trial and
the AVOD trial.
Outcomes and follow-up
Outcome measures in the present study were length of hospital stay, and rates of ongoing
diverticulitis, recurrent diverticulitis, complicated diverticulitis and sigmoid resection. Three
outcomes were redefined in order to create definitions as homogeneous as possible. In the
DIABOLO trial, ongoing diverticulitis and recurrent diverticulitis were distinct outcomes since
symptoms of acute diverticulitis within three months of randomization were considered
a prolongation of the initial diverticulitis episode instead of a true recurrent, hence new,
episode. As the AVOD trial analyzed all disease activity after discharge from hospital as
recurrent episodes, all episodes within three months after randomization were redefined
as ongoing diverticulitis episodes. All subsequent episodes later than three months after
randomization were considered recurrent episodes. Also, in the AVOD trial diverticular
bleeding was not recorded as complicated diverticulitis. Therefore, diverticular bleeding
cases in the DIABOLO trial were excluded as complicated diverticulitis event in the present
study.
Another difference between the studies was the moment of last follow-up; 12 months in
the AVOD trial and 24 months in the DIABOLO trial. In order to analyse results of the studies
equally, outcomes were assessed at 12 months of follow-up. Since patients were contacted
after a minimum of 12 months in the AVOD trial, most follow-up contacts took place in the
13th month after randomization. Therefore, results from both trials were assessed up to 13
months after randomization.
Statistical analysis
Observational and antibiotic treatment were compared following the intention-to-treat
principle and contrasts were assessed for superiority. For categorical variables numbers
and percentages were calculated and continuous variables are expressed as median and
interquartile range (IQR) as these data are not normally distributed. Since the data in this
meta-analysis is clustered by study, comparison between treatment groups was corrected for
this clustering. For each outcome measure a generalized linear mixed model was fitted. For
dichotomous outcomes a logistic regression mixed model was used, for the only continuous
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Study design
Study setting
Patients
Inclusion criteria

Exclusion criteria

Intervention

Antibiotic
treatment

Observational
treatment

DIABOLO
AVOD
Open-label randomized clinical Open-label randomized clinical
trial
trial
22 hospitals in the Netherlands 11 hospitals in Sweden and
during 2010-2012
Iceland during 2003-2010
528 patients (262 in
623 patients (309 in
observational group and 266 inobservational group and 314 in
antibiotic group)
antibiotic group)
CT-proven, left-sided acute
CT-proven, left-sided, acute
uncomplicated (Hinchey stage
uncomplicated (without any
1a and 1b) diverticulitis
sign of complications such as
abscess, free air or fistula),
temperature ≥38°C at admission
or during the last 12h before
admission, raised WBC and
CRP or increased WBC if short
history
Previous diverticulitis,
Pregnancy, immunosuppressive
pregnancy, inflammatory bowel therapy, high fever, affected
disease, ASA fitness grade
general condition, peritonitis or
>III, immunocompromised,
sepsis
clinical suspicion of bacteremia
(sepsis12
)
10-day course of amoxicillin
7-day course of intravenous or
clavulanic acid, with intravenous oral broad-spectrum antibiotics
administration for at least 48h, according to the participating
switch to oral administration
centers’ routines, admission of
if tolerated, admission of
all patients, discharge based
all patients on the premise
on assessment of attending
that treatment was started
surgeon with improvement
intravenously, discharge when
in clinical status as well as a
meeting criteria: toleration of
reduction in WBC and CRP and
a normal diet, temperature
absence of fever
less than 38°C, pain score <4,
capable of self-support at same
level as before illness, and
patient acceptance
Supportive care, outpatient
Supportive care, intravenous
treatment when meeting criteria fluids only, admission of all
for outpatient treatment alike
patients, discharge when
the antibiotic group
meeting criteria alike the
antibiotic group
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Table 1. Summary of study characteristics of included studies.

Outcomes

Ongoing
diverticulitis

Recurrent
diverticulitis

Complicated
diverticulitis
Follow-up

Clinical picture of diverticulitis, Not recorded separately
within 3 months from
randomization or no recovery
between randomization and
subsequent diverticulitis
Clinical picture of diverticulitis, Clinical picture of diverticulitis
and interval of at least 3
demanding readmission to
months from randomization,
hospital
and recovery during this time
interval
Abscess, perforation,
Abscess, perforation,
obstruction, fistula or
obstruction or fistula
diverticular bleeding
Last follow-up contact and
Last follow-up contact and
patient record assessment at 24patient record assessment after
months
a minimum of 12 months

Abbreviations: CT, computed tomography; ASA, American society of anesthesiologists, WBC, white blood cell
count; CRP, C-reactive protein.

outcome (length of hospital stay) a gamma regression distribution was chosen due to the
right-skewed data. Both treatment allocation and study were entered into the model as fixed
effects. This meta-analysis tested the outcomes of both trials - although some were slightly
modified - additionally to the initial analysis of both trials. Therefore, correction for multiple
testing was appropriate and a two-sided p<0·025 was considered statistically significant. For
some relevant outcome measures a post-hoc power calculation was performed using the
results from unequal groups and without continuity correction.
Multivariable logistic regression was used to identify independent risk factors. Variables
that were significant or approached significance (p<0·05) in the univariable analyses, were
entered into the multivariable logistic regression analyses. To provide insight in the effect
of clustering of the data, the univariable analyses were repeated with adjustment for study.
All multivariable analyses were adjusted for study. In order to assess the effect of omitting
antibiotics on outcomes in patient subgroups and thereby identifying potential subgroups
that may benefit from antibiotics, the interactions between observational treatment and risk
factors that met the criteria for entering the multivariable logistic regression analyses were
assessed. For each risk factor a multivariable logistic regression model was created containing
both the main effects of observational treatment and the risk factor, as the interaction effect
of these variables. Next, the effect of omitting antibiotics in patient subgroups with multiple
risk factors was assessed in a full factorial analysis. This multivariable logistic regression
model included the main effects of observational treatment and all variables that were
univariably associated (p<0·05) with that outcome, and all possible interaction (including
2nd, 3rd level interactions) effects between observational treatment and the risk factors.
Backward selection, with a p>0·05 significance level for removal of predictors, was used to
identify potential significant predictors or interactions. These analyses were also corrected
for clustering of the data by including study as covariable in all models. All risk estimates are
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Numerical variables were converted into dichotomous categorical variables, making them
more easy to interpret and more easy to use in daily practice. The most common cut-off
2
values in literature were used to dichotomise some variables; 30kg/m
(obesity or no
obesity) in case of body mass index (BMI), 50 years in case of age, and 38°C (fever or no
fever) in case of body temperature. For other numerical variables the optimal cut-off was
determined using ROC-curves (at value of highest combined sensitivity and specificity); pain
score on a visual analogue scale (VAS), C-reactive protein (CRP) and white blood cell count
(WBC) at presentation of the initial acute diverticulitis episode (at randomization). TRIPOD
guidelines for reporting were followed.4 All analyses were performed using SPSS, version
24·0 (SPSS Inc., Chicago, IL, USA).

Chapter 2

expressed in odds ratios (OR) with 97·5% confidence intervals (97·5% CI).

Role of the funding source
The funding sources had no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; and in the decision to submit the paper
for publication.

RESULTS
This IPDMA included 1,109 patients with 545 patients in the observational group and 564
patients in the antibiotic group. Follow-up durations were made comparable among groups
with 12·3 months (IQR 12·1-13·0) in the observational group and 12.4 months (IQR 12·113·0) in the antibiotic group. Also, baseline characteristics were mostly comparable among
groups. Only patients with primary diverticulitis were slightly but significantly more common
in the antibiotic group. (Table 2)
Table 2. Baseline characteristics of patients according to study group.
Age (years)*
Sex ratio (M:F)
Co-morbidity†
BMI (kg/m2)*
Body temperature (°C)*
White blood cell count
9
(x 10
cells/l)*
C-reactive protein (mg/l)*
Primary diverticulitis

Observation
(N=545)
58·3 (47
·9-65·8)
228:317
170 ·0)
(31
27
·4 (24
·6-29
·7)
38·0 (37
·2-38
·3)
12
·2 (10
·3-14·2)

Antibiotics
P value
(N=564)
57·6 (48·5-65·5)
0·827
230:334
0·721
190 (33·7)
0·375
27·3 (24·6-30·5)
0·569
38·0 (37·2-38·3)
0·775
12·4 (10·4-14·3)
0·773

76·0 (44
·0-122
·8)
408 ·9)
(74

86·0 (48
·0-130·0)
454 ·5)
(80

0·066
0·024

Values in parentheses are percentages unless indicated otherwise; *values are median (IQR); †Includes
cardiovascular disease and/or pulmonary disease and/or renal failure and/or diabetes mellitus; BMI, Body Mass
Index
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Observational versus antibiotic treatment
The length of stay of the initial hospital admission was slightly but significantly shorter in the
observational group (median 2 versus 3 days respectively; p=0·037). (Table 3) Furthermore,
33 of 1,109 patients (3·0%) were treated as outpatients from the start of treatment. The
rate of ongoing diverticulitis (observational 7·2% (39/545) versus antibiotics 5·0% (28/564);
p=0·062) differed somewhat but this difference failed to reach statistical significance.
The rates of recurrent diverticulitis (observational 8·6% (47/545) versus antibiotics 9·6%
(54/564); p=0·610) were comparable. Complicated diverticulitis and sigmoid resection
rates were recorded during the acute disease stage (within one month) and at one-year
follow-up. Rates of complicated diverticulitis within one month were comparable among
groups (observational 1·8% (10/545) versus antibiotics 1·1% (6/564); p=0·204) an
differed somewhat (10 patients) but non-significantly at one-year follow-up (observational
4·0% (22/545) versus antibiotics 2·1% (12/564); p=0·079). Furthermore, rates of sigmo
resection were not different between groups at one month (observational 0·6% (3/545)
versus antibiotics 0·7 (4/564); p=0·818) nor at one year (observational 5·0% (27/545) versu
antibiotics 2·5% (14/564); p=0·214).

Table 3. Intention-to-treat analyses among patients with Hinchey stage 1a acute diverticulitis
assigned to an observational or antibiotic treatment strategy at a total follow-up duration
of median 12.3 months (IQR 12.1-13.0); follow-up duration in observational group median
12.3 months (IQR 12.1-13.0) and in antibiotic group median 12.4 months (IQR 12.1-13.0)
Length of hospital stay (days)
Ongoing diverticulitis (≥1)
Recurrent diverticulitis (≥1)
Complicated diverticulitis (≥1) within 1 month
Type† Abscess (>5cm)
Perforation
Obstruction
Complicated diverticulitis (≥1) at end follow-up
Type† Abscess (>5cm)
Perforation
Obstruction
Fistula
Sigmoid resection within 1 month
Sigmoid resection at end follow-up
Type Emergency
Elective

Observation
(N=545)
2 (2-3)
39 (7·2)
47 (8·6)
10 (1·8)
3
5
2
22 (4·0)
7
8
5
3
3 (0·6)
27 (5·0)
8
19

Antibiotics
(N=564)
3 (2-3)
28 (5·0)
54 (9·6)
6 (1·1)
1
5
0
12 (2·1)
4
5
3
0
4 (0·7)
14 (2·5)
4
10

P-value
0·037
0·062
0·610
0·204

0·079

0·818
0·214

Values in parentheses are percentages unless indicated otherwise; † Patients can have more than 1 type of
complicated diverticulitis

Although rates of complicated diverticulitis and sigmoid resection at the end of follow-up
were not statistical significantly different, one may consider the differences (4·0% versus
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2·1% and 5·0% versus 2·5% in observational vs. antibiotic group, respectively) clinically
relevant. The number needed to treat to prevent one case of complicated diverticulitis
would be 52 (95% CI minus 52 - plus 782) and the number needed to treat to prevent one
sigmoid resection would be 40 (95% CI 21-411). Since the DIABOLO trial did not power on
these secondary outcomes and the AVOD trial only powered on complicated diverticulitis,
a post-hoc power analysis was performed for these two outcomes based on the combined
results in the present study. For the difference in complicated diverticulitis rates, this
comparison had a power of 34%. To achieve a power of 80%, which is generally considered
adequate for intervention trials, a sample size of 3106 patients would have been needed.
For the difference in sigmoid resection rates, this comparison had a power of 48% and a
hypothetical power of 80% would have needed a sample size of 2189 patients.
Risk factors and the role of antibiotics in the prevention of adverse outcomes
Although no statistical significant differences were found among treatment groups, some of
the differences in adverse event rates may be considered clinically relevant. If so, statistical
power appeared to be insufficient. Furthermore, even if antibiotic treatment is not effective
for the entire study group, some patients possibly benefit from antibiotic treatment
nevertheless. Therefore, additional analyses were performed to assess the potential role of
antibiotics in the prevention of these adverse outcomes. Risk factors for the development
of ongoing diverticulitis, complicated diverticulitis and sigmoid resection were assessed.
Additionally, to maximize power in the logistic regression analyses, risk factors to develop
ongoing diverticulitis, complicated diverticulitis or undergoing a sigmoid resection were
evaluated as one adverse outcome group. (Table 4; Supplemental tables 1 to 4 show the
full results of the univariable logistic regression models) A primary episode of diverticulitis
instead of recurrent diverticulitis appeared to be a protective factor for the development
of ongoing diverticulitis (OR 0·29; 97·5% CI 0·13-0·66). Risk factors for the development of
complicated diverticulitis were pain score on a visual analogue scale of more than 7 (OR
9
2·78; 97·5% CI 1·18-6·54) and a white blood cell count higher than
/L (OR
13·5
2·62;
x 10
97·5% CI 1·11-6·18). A pain score of more than 7 was also a risk factor for sigmoid resection
(OR 2·32; 97·5% CI 1·05-5·10). Analyses of all three adverse outcomes as one adverse event
group yielded no additional risk factors; again pain score of more than 7 and white blood
cell count higher than 13·5 x9/L
10
were found as risk factors and primary diverticulitis as
protective factor.
Subsequently, the influence of omitting antibiotics on all risk factors, that had been entered
in the multivariable analyses, was evaluated to assess whether antibiotic treatment could
alter the risk in patients susceptible for any adverse outcome and potentially prevent
these adverse outcomes in specific patient subgroups. Observational management did
not significantly increase the risk of adverse outcomes in all subgroups of patients. (Table
5) Furthermore, observational treatment failed to influence outcomes in all possible

IPDMA OF OBSERVATIONAL TREATMENT FOR UNCOMPLICATED DIVERTICULITIS.

41

Table 4. Results from multivariable analyses of risk factors (odds ratio and 97.5% confidence
intervals) associated with ongoing diverticulitis, complicated diverticulitis, sigmoid resection
or all three outcomes combined. Variables that were assessed univariably but were not
2
entered in the multivariable analyses were: sex, body mass index >30kg/m
, age >50,
present comorbidity and C-reactive protein at presentation.
No. of
patients
at risk
VAS at
presentation‡
≤7
>7

650
261

Temperature at
presentation
≤ 38·0 °C
> 38·0 °C

643
462

Ongoing
diverticulitis

2·78
(1·18-6
·54)

247
862

Sigmoid
resection

2·32
(1·05-5
·10)

Ongoing or
complicated
diverticulitis,
or sigmoid
resection

1·98
(1·18-3
·34)

0·66
(0·25-1·70)

WBC at
presentation‡
≤ 13·5 9x10
/L
736
> 13·5 9x10
/L
370
Primary
diverticulitis
No
Yes

Complicated
diverticulitis

2·62
(1·11-6
·18)

0·29
(0·13-0
·66)

1·76
(1·05-2
·95)

0·33
(0·16-0
·71)

Includes cardiovascular disease and/or pulmonary disease and/or renal failure and/or diabetes mellitus; ‡ Cut-off
at optimal sensitivity and specificity according to ROC curve analysis
†

Abbreviations: BMI, Body Mass Index; VAS, Visual Analogue Score; CRP, C-reactive protein; WBC, white blood cell
count.

combinations of risk factors in the full factorial analysis. Therefore, no patient subgroup that
could potentially benefit from antibiotic treatment was identified.
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Ongoing
diverticulitis
VAS at presentation‡
≤7
>7
Temperature at
presentation
≤ 38·0 °C
> 38·0 °C
WBC at presentation‡
≤ 13·5 9x10
/L
> 13·5 9x10
/L
Primary diverticulitis
No
Yes
Significant interaction
terms after backward
selection in full
factorial analyses
‡

Complicated
diverticulitis

Sigmoid resection

Ongoing or
complicated
diverticulitis, or
sigmoid resection

Chapter 2

Table 5.Interaction between observational treatment and risk factors that were univariably
associated (p<0.05) with one of the outcomes, assessed with multivariable logistic regression
analyses.

0·20 (0·02-1·62)
0·24 (0·04-1·50)
0·94 (0·33-2·68)

2·48 (0·34-17·93)
0·99 (0·18-5·36)
0·91 (0·27-3·05)

None

None

1·22 (0·46-3·22)
1·19 (0·42-3·37)

None

None

Cut-off at optimal sensitivity and specificity according to ROC curve analysis

Abbreviations: VAS, Visual Analogue Score; WBC, white blood cell count.

Reasons for sigmoid resection
Complications of acute diverticulitis (perforation, abscess or bowel obstruction) as the
reason for sigmoid resection were mostly comparable among groups. (Table 6) Outcomes
that represent a prolonged or recurrent – but not complicated – disease course (ongoing
diverticulitis, persistent abdominal complaints and recurrent diverticulitis) as reason for
sigmoid resection appeared to be more common in the observational group.
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Table 6. Registered reasons for sigmoid resection according to treatment allocation.
Observation

Antibiotics

Diverticular abscess
Perforated diverticulitis
Obstruction/chronic ileus
Ongoing diverticulitis
Persistent abdominal complaints
Recurrent diverticulitis
Diverticular bleeding
Fistula

1
5
4
4
5
6
1
1

0
4
3
2
3
2
0
0

Total

27

14

DISCUSSION
This individual patient data meta-analysis of two randomized clinical trials demonstrated
that omitting antibiotics does not increase the risk of ongoing diverticulitis, recurrent
diverticulitis, complicated diverticulitis and sigmoid resection. Although some risk factors
for adverse events were identified, antibiotic treatment failed to improve outcomes in
patients at risk for adverse events.
Earlier reported results of the DIABOLO trial2 and AVOD trial1 showed no significant
differences among groups for all outcomes. However, some outcomes at six or 12 months
showed a trend toward a potential benefit from antibiotics, as suggested by others.5
These trends could not be confirmed in the present meta-analysis of one year follow-up
results; all outcomes were not statistically different between groups. Since the present
meta-analysis repeated some analyses from the original study papers, a correction for
multiple testing was applied. Although even without this correction results would have
been comparable. Only the length of hospital stay would have been statistical significantly
shorter in the observational group but the small difference would have made this finding
clinically irrelevant. Although not statistical significantly different, the small differences in
complicated diverticulitis and sigmoid resection rates may be considered clinically relevant.
The sample size of the meta-analysis appeared to be insufficient to detect such small
differences. However, a statistical power of 80% would need over 3000 patients to test the
difference in complicated diverticulitis rates and over 2000 patients to test the difference in
sigmoid resection rates. Since the AVOD trial and DIABOLO are the only available RCTs on
this topic, it is very unlikely that a sufficient sample size will be achieved with studies yet to
be performed any time soon.
Whereas uncomplicated acute diverticulitis has been treated with antibiotics routinely for
decades, several guidelines have adapted their recommendations meanwhile. Guidelines
published in recent years state that antibiotics should not be used routinely or that
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A strength of this meta-analysis is the usage of individual patient data from the only two
available randomized clinical trials on this topic. A regular meta-analysis would have only
been able to pool results at the (different) follow-up durations reported in the results
papers. Also, not all necessary information about for instance the proportion of emergency
or elective surgery was reported in both result papers and definitions of outcome measures
differed between studies. Usage of individual patient data resolved these issues and
therefore analyses were more accurate and complete. Although differences between the
studies were dissolved as much as possible, remaining differences could have influenced
the results. Acute diverticulitis cases within 3 months of randomization were considered
ongoing rather than recurrent episodes. In the AVOD trial however, ongoing diverticulitis
was not an outcome measure and recurrent episodes within three months were converted
into ongoing episodes despite no data was available whether patients were recovered in
between. Also, in order to make the trials as homogenous as possible, all patients with
small pericolic abscesses from the DIABOLO trial were excluded. The AVOD trial did not
include this type of patients, therefore including these Hinchey 1b patients in the metaanalysis would not have any added value toward the DIABOLO results paper and the number
of Hinchey 1b patients would still be too small to draw conclusions. Furthermore, followup durations were made as comparable as possible but some differences probably still
exist. The last follow-up moment in the AVOD trial took place at different moments in the
thirteenth month whereas in the DIABOLO trial for most patients follow-up of the entire
thirteenth month was available. Therefore, the follow-up duration in DIABOLO patients
was slightly longer than AVOD patients. However, if all DIABOLO adverse events from the
thirteenth month would have been excluded (0 cases of complicated diverticulitis, 5 cases
of recurrent diverticulitis (3 observational and 2 antibiotic) and 3 sigmoid resections (2
observational and 1 antibiotic)), results would not have changed. Another limitation is the
low number of events in adverse outcomes in acute uncomplicated diverticulitis patients.
Therefore, statistical power is limited for the analysis of these secondary outcomes leading
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antibiotics can be avoided.6-10 Some guidelines however state that antibiotics “should be
used selectively” (American Gastroenterological Association Institute guideline10), antibiotics
“should be given to patients with risk indications of a complicated course” (German
guideline8) or antibiotics “on a case-by-case basis should possibly be considered” (Italian
guideline7). Little is known however about risk factors for a complicated course of initially
uncomplicated acute diverticulitis. Therefore guidelines cannot recommend antibiotics for
specific patients subgroups, besides subgroups that were excluded from studies on this topic
such as immunocompromised and pregnant patients. The present meta-analysis showed
several risk factors for one or more adverse outcomes that can guide this selection of patients
that may benefit from antibiotics. However, results showed that omitting antibiotics does
not increase the risk of adverse outcomes in these high-risk patients. Therefore, prevention
of these adverse outcomes with antibiotic treatment may not be warranted.

to imprecision and may be a reason for downgrading the level of evidence like the American
Gastroenterological Association Institute guideline.11
The decision to treat an acute uncomplicated diverticulitis patient with or without antibiotics
does not depend on a single outcome measure. All reasons in favour of antibiotics and all
reasons in favour of omitting antibiotics should be taken into account. Omitting antibiotics
did not increase the risk of ongoing diverticulitis, recurrent diverticulitis, complicated
diverticulitis or sigmoid resection and is therefore a safe treatment strategy. Insufficient
statistical power to detect small differences in complicated diverticulitis and sigmoid
resection may leave some room for discussion if one may consider these small differences
clinically relevant. Furthermore, the use of antibiotics should be limited as much as possible
to constrain the global treat of rising microbial resistance and to prevent antibiotic-related
morbidity (8·3% of all patients in the DIABOLO trial), including potentially life threatening
allergic reactions. In the end, individual patient characteristics or preferences may act as
decisive factors in the decision making process. However, in subgroups of patients with
independent risk factors for adverse outcome (high pain scores, high white blood cell counts
and a history of acute diverticulitis at presentation) no beneficial role for antibiotics in the
prevention of such adverse outcomes was found.
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2
≤ 30 kg/m
2
> 30 kg/m

Female
Male

37 (11.1)
66 (8.5)
76 (10.1)
27 (7.5)
51 (7.8)
37 (14.2)
66 (10.3)
37 (8.0)

749
360
650
261
643
462

65 (10.2)
17 (7.7)

58 (8.9)
45 (9.8)

332
777

636
222

651
458

N (%)

Ongoing, complicated
diverticulitis or
sigmoid resection

1.94 (1.16-3.25)

0.72 (0.43-1.21)

0.74 (0.46-1.20)

0.73 (0.39-1.38)

1.11 (0.70-1.78)

OR (97.5% CI)

Univariable
(unadjusted for study)

1.96 (1.17-3.28) 1.98 (1.18-3.34)

0.66 (0.38-1.13)

0.74 (0.46-1.21)

0.74 (0.39-1.40)

OR (97.5% CI)

Multivariable
(adjusted for study)

1.08 (0.67-1.73)

OR (97.5% CI)

Univariable
(adjusted for study)

Abbreviations: BMI, Body Mass Index; VAS, Visual Analogue Score; CRP, C-reactive protein; WBC, white blood cell count.

0.76 (0.47-1.23) 0.81 (0.48-1.37)
CRP at presentation‡
≤ 132 mg/L
861
76 (8.8)
> 132 mg/L
247
27 (10.9)
1.27 (0.75-2.16) 1.28 (0.75-2.18)
WBC at presentation‡
≤ 13.5 9x10
/L
736
57 (7.7)
> 13.5 9x10
/L
370
45 (12.2)
1.65 (1.03-2.64) 1.64 (1.02-2.62) 1.76 (1.05-2.95)
Primary diverticulitis
No
247
32 (13.0)
Yes
862
71 (8.2)
0.60 (0.36-1.00) 0.38 (0.19-0.74) 0.33 (0.16-0.71)
†
Includes cardiovascular disease and/or pulmonary disease and/or renal failure and/or diabetes mellitus; ‡ Cut-off at optimal sensitivity and specificity according to ROC curve
analysis

≤ 50 years
> 50 years
Comorbidity†
No
Yes
VAS at presentation‡
≤7
>7
Temperature at presentation
≤ 38.0 °C
> 38.0 °C

Age

BMI

Sex

No. of patients at
risk for ongoing,
complicated
diverticulitis or
sigmoid resection

Supplemental table 1. Univariable and multivariable analyses of risk factors (odds ratio) associated with 1 or more episodes of ongoing
diverticulitis or complicated diverticulitis, or sigmoid resection.
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2
≤ 30 kg/m
2
> 30 kg/m

Female
Male

24 (7.2)
43 (5.5)
49 (6.5)
19 (5.0)
37 (5.7)
21 (8.0)
44 (6.8)
23 (5.0)

749
360
650
261
643
462

44 (6.9)
10 (4.5)

40 (6.1)
27 (5.9)

332
777

636
222

651
458

N (%)

Ongoing diverticulitis

Univariable
(adjusted for study)
OR (97.5% CI)

1.45 (0.77-2.74) 1.45 (0.77-2.74)

0.75 (0.40-1.42) 0.73 (0.38-1.40)

0.75 (0.42-1.36) 0.75 (0.42-1.36)

0.64 (0.28-1.42) 0.62 (0.28-1.40)

0.96 (0.54-1.70) 0.95 (0.53-1.70)

Univariable
(unadjusted for study)
OR (97.5% CI)

Multivariable
(adjusted for study)
OR (97.5% CI)

Abbreviations: BMI, Body Mass Index; VAS, Visual Analogue Score; CRP, C-reactive protein; WBC, white blood cell count.
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0.71 (0.39-1.29) 0.69 (0.36-1.30)
CRP at presentation‡
≤ 132 mg/L
861
47 (5.5)
> 132 mg/L
247
20 (8.1)
1.53 (0.82-2.84) 1.53 (0.82-2.85)
WBC at presentation‡
≤ 13.5 9x10
/L
736
39 (5.3)
> 13.5 9x10
/L
370
28 (7.6)
1.46 (0.82-2.60) 1.46 (0.82-2.60)
Primary diverticulitis
No
247
25 (10.1)
Yes
862
42 (4.9)
0.46 (0.25-0.82) 0.29 (0.13-0.66) 0.29 (0.13-0.66)
†
Includes cardiovascular disease and/or pulmonary disease and/or renal failure and/or diabetes mellitus; ‡ Cut-off at optimal sensitivity and specificity according to ROC curve
analysis

≤ 50 years
> 50 years
Comorbidity†
No
Yes
VAS at presentation‡
≤7
>7
Temperature at presentation
≤ 38.0 °C
> 38.0 °C

Age

BMI

Sex

No. of patients at
risk for ongoing
diverticulitis

Supplemental table 2. Univariable and multivariable analyses of risk factors (odds ratio) associated with 1 or more episodes of ongoing
diverticulitis.
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2
≤ 30 kg/m
2
> 30 kg/m

Female
Male
636
222

651
458
19 (3.0)
6 (2.7)

19 (2.9)
15 (3.3)

N (%)

Complicated
diverticulitis
OR (97.5% CI)

OR (97.5% CI)

0.90 (0.31-2.62) 0.86 (0.30-2.52)

1.13 (0.51-2.47) 1.19 (0.54-2.63)

Univariable
(adjusted for study)

Univariable
(unadjusted for study)

OR (97.5% CI)

Multivariable
(adjusted for study)

Abbreviations: BMI, Body Mass Index; VAS, Visual Analogue Score; CRP, C-reactive protein; WBC, white blood cell count.

≤ 50 years
332
10 (3.0)
> 50 years
777
24 (3.1)
1.03 (0.44-2.42) 1.02 (0.43-2.41)
Comorbidity†
No
749
24 (3.2)
Yes
360
10 (2.8)
0.86 (0.37-2.03) 0.95 (0.39-2.28)
VAS at presentation‡
≤7
650
14 (2.2)
>7
261
15 (5.7)
2.77 (1.18-6.48) 2.75 (1.18-6.44) 2.78 (1.18-6.54)
Temperature at presentation
≤ 38.0 °C
643
16 (2.5)
> 38.0 °C
462
18 (3.9)
1.59 (0.73-3.48) 1.46 (0.63-3.40)
CRP at presentation‡
≤ 132 mg/L
861
25 (2.9)
> 132 mg/L
247
9 (3.6)
1.27 (0.52-3.07) 1.25 (0.51-3.03)
WBC at presentation‡
≤ 13.5 9x10
/L
736
16 (2.2)
> 13.5 9x10
/L
370
17 (4.6)
2.17 (0.98-4.80) 2.19 (0.99-4.86) 2.62 (1.11-6.18)
Primary diverticulitis
No
247
12 (4.9)
Yes
862
22 (2.6)
0.51 (0.23-1.17) 0.54 (0.20-1.42)
†
Includes cardiovascular disease and/or pulmonary disease and/or renal failure and/or diabetes mellitus; ‡ Cut-off at optimal sensitivity and specificity according to ROC curve
analysis

Age

BMI

Sex

No. of patients at
risk for complicated
diverticulitis

Supplemental table 3. Univariable and multivariable analyses of risk factors (odds ratio) associated with 1 or more episodes of complicated
diverticulitis.
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2
≤ 30 kg/m
2
> 30 kg/m

Female
Male
636
222

651
458
28 (4.4)
7 (3.2)

23 (3.5)
18 (3.9)

N (%)

Sigmoid resection
OR (97.5% CI)

Univariable
(adjusted for study)

0.71 (0.27-1.85) 0.79 (0.30-2.08)

1.12 (0.54-2.29) 0.96 (0.46-1.98)

OR (97.5% CI)

Univariable
(unadjusted for study)
OR (97.5% CI)

Multivariable
(adjusted for study)

Abbreviations: BMI, Body Mass Index; VAS, Visual Analogue Score; CRP, C-reactive protein; WBC, white blood cell count.
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≤ 50 years
332
15 (4.5)
> 50 years
777
26 (3.3)
0.73 (0.35-1.54) 0.74 (0.35-1.57)
Comorbidity†
No
749
31 (4.1)
Yes
360
10 (2.8)
0.66 (0.29-1.52) 0.48 (0.21-1.12)
VAS at presentation‡
≤7
650
19 (2.9)
>7
261
16 (6.1)
2.17 (1.00-4.73) 2.25 (1.03-4.94) 2.32 (1.05-5.10)
Temperature at presentation
≤ 38.0 °C
643
31 (4.8)
> 38.0 °C
462
10 (2.2)
0.44 (0.19-1.00) 0.65 (0.27-1.57) 0.66 (0.25-1.70)
CRP at presentation‡
≤ 132 mg/L
861
32 (3.7)
> 132 mg/L
247
9 (3.6)
0.98 (0.41-2.32) 1.02 (0.43-2.43)
WBC at presentation‡
≤ 13.5 9x10
/L
736
26 (3.5)
> 13.5 9x10
/L
370
14 (3.8)
1.07 (0.50-2.29) 1.03 (0.48-2.21)
Primary diverticulitis
No
247
11 (4.5)
Yes
862
30 (3.5)
0.77 (0.35-1.73) 0.06 (0.01-0.60)
†
Includes cardiovascular disease and/or pulmonary disease and/or renal failure and/or diabetes mellitus; ‡ Cut-off at optimal sensitivity and specificity according to ROC curve
analysis

Age

BMI

Sex

No. of patients at risk
for sigmoid resection

Supplemental table 4. Univariable and multivariable analyses of risk factors (odds ratio) associated with sigmoid resection.
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ABSTRACT
Background
Traditionally uncomplicated acute diverticulitis was routinely treated with
antibiotics, although evidence for this strategy was lacking. Recently, two
randomized clinical trials (AVOD trial and DIABOLO trial) published short-term
results of omitting antibiotics compared to routine antibiotic treatment. Both
showed no significant differences regarding recovery from the initial episode,
as well as rates of complicated or recurrent diverticulitis and sigmoid resection.
However, both studies showed a trend of higher rates of sigmoid resection in the
observational groups. Here, the long-term effects of omitting antibiotics in first
episode uncomplicated acute diverticulitis were assessed.
Methods
A total of 528 patients with CT-proven, primary, left-sided, uncomplicated acute
diverticulitis were randomized to either an observational or an antibiotic treatment
strategy (DIABOLO trial). Outcome measures were complicated diverticulitis,
recurrent diverticulitis and sigmoid resection at 24 months’ follow up. Differences
between the groups were explored and risk factors were identified using
multivariable logistic regression.
Results
Complete case analyses showed no difference in rates of recurrent diverticulitis
(15.4% in the observational group versus 14.9% in the antibiotic group;
p = 0.885),
complicated diverticulitis (4.8% versus 3.3%;
p = 0.403) and sigmoid resection
(9.0% versus. 5.0%;
p = 0.085). Young patients (<50 years) and patients with a pain
score at presentation of 8 or higher on a visual analogue pain scale were at risk for
complicated or recurrent diverticulitis. In this multivariable analysis, treatment type
(with or without antibiotics) was not an independent predictor for complicated or
recurrent diverticulitis.
Conclusion
Omitting antibiotics in the treatment of uncomplicated acute diverticulitis did
not result in more complicated diverticulitis, recurrent diverticulitis or sigmoid
resections at long-term follow up. As the DIABOLO trial was not powered for these
secondary outcome measures, some uncertainty remains whether (small) nonsignificant differences could be true associations.
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Acute diverticulitis occurs in four per cent of patients with colonic diverticular disease as
its inflammatory complication, and is among the top ten diagnoses of patients with acute
abdominal pain presenting to the general physician or at the emergency department.1,2
Despite this frequent occurrence in Western countries, contradictory views on the
pathogenesis and treatment strategies remain.3,4
One of those contradictory views is whether uncomplicated acute diverticulitis should be
routinely treated with antibiotics. A recent survey among experts from four continents
could not reach consensus on this topic based on the previously published retrospective
series and one randomized clinical trial (RCT), the AVOD trial.3,5-7
This same split in opinions
4
takes place in international guidelines.
Recently, a randomized clinical trial (DIABOLO trial) including 528 patients with a first
episode of computed tomography (CT) proven uncomplicated acute diverticulitis, showed
no short-term repercussions of omitting antibiotics.8 Observational treatment did not
result in longer time to recovery or higher rates of readmission, complicated, ongoing
and recurrent diverticulitis and sigmoid resection at short-term follow up. Both RCT’s on
this topic, the AVOD trial and the DIABOLO trial, only reported 1-year follow-up results.
Despite that no significant differences were found between an observational and antibiotic
treatment strategy, both trials showed a non-significant trend towards more cases of
complicated diverticulitis and elective sigmoid resections. Therefore, long-term data may
provide valuable information on the safety of omitting antibiotics in mild diverticulitis. Here,
long-term effects are reported of the DIABOLO trial.
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INTRODUCTION

METHODS
Study design and patient population
The DIABOLO trial was a multicenter, pragmatic, non-inferiority, randomized clinical
trial, taking place in 22 clinical sites in the Netherlands during 2010–2012. A total of 528
patients with CT-proven, first episode, left-sided and uncomplicated acute diverticulitis
were randomized to either an observational (262 patients) or an antibiotic (266 patients)
treatment strategy. The antibiotic regimen consisted of amoxicillin-clavulanic acid in a 10day course with intravenous administration for at least 48 h, after which the route could
be switched—if tolerated—to oral administration. Uncomplicated acute diverticulitis was
defined as modified Hinchey stages 1a and b and Ambrosetti’s “mild” diverticulitis stage.9,10
Data collection and outcomes
Follow-up was performed by outpatient clinic visits or by telephone at 12 and 24 months and
all hospital records were reviewed, data collection was done using standardized case record
forms. First, the antibiotic and observational treatment strategy groups were compared in a
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complete case analysis regarding rates of recurrent diverticulitis, complicated diverticulitis
and sigmoid resection. Between 6 months (primary endpoint of the DIABOLO trial) and the
end of 2-year follow-up patients were allowed to be enrolled in another Dutch randomized
clinical trial (DIRECT trial)11 comparing surgical or conservative treatment of patients with 3
or more episodes of recurrent diverticulitis or persistent complaints for at least 3 months
after an episode of acute diverticulitis. Since this potentially introduced bias for the outcome
measure sigmoid resection, patients were censored for this outcome at the time of their
enrollment in the DIRECT trial. Second, differences among treatment groups were explored
and risk factors for complicated diverticulitis and recurrent diverticulitis were identified. The
association between complicated or recurrent diverticulitis and elective sigmoid resection
was visualized using lasagna plots. Lasagna plots can visualize longitudinal patters of multiple
outcomes within one figure. The methods of creating lasagna plots have been described
before.12Full recovery was defined by meeting the following criteria: discharge from the
hospital, normal diet (tolerating solid food and more than 1 L of fluid orally), temperature
<38°C, VAS pain score <4 (with no use of daily pain medication) and resuming to pre-illness
working activities; as assessed by a daily patient diary. Recurrent diverticulitis was defined
as a clinical picture of diverticulitis whether or not imaging proven with an interval of at
least 3 months from randomization. Only recurrent episodes diagnosed by a physician
(general practitioner or hospital physician) were recorded. There were no pre-specified
criteria for a clinical diagnosis of recurrent diverticulitis, but diagnoses were established as
in daily practice. A recurrent episode was treated with or without antibiotics according to
daily practice, treatment allocation by randomization was not maintained throughout the
follow up. The study protocol and some protocol amendments were published previously.8,13
Statistical analysis
For categorical variables, numbers and percentages were calculated and compared using
the χ2-test or Fisher’s exact test, as appropriate. Multivariable logistic regression was used to
identify independent risk factors. Variables that were significant or approached significance
(p ≤ 0.10) in the univariable analyses, were entered into the multivariable logistic analyses.
Some numerical variables (e.g., age and pain scores) were converted into dichotomous
categorical variables defined by clinically relevant thresholds, making them more easy to
interpret and more easy to use in daily practice. All risk estimates are expressed in odds
ratios (OR). Since a non-inferiority margin was only established for the primary outcome
of the RCT (time to recovery), analysis of long-term (secondary) outcomes in the present
study was performed using a superiority approach. A two-sided p<0.05 was considered
statistically significant. TRIPOD guidelines for reporting were followed.14 All analyses were
performed using SPSS, version 23.0 (SPSS Inc., Chicago, IL, USA).
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Observational versus antibiotic treatment strategy
A total of 227 patients (86.6% of 262; 3 patients died and 32 were lost to follow up) in the
observational group and 241 patients (90.6% of 266; 1 patient died and 24 were lost to
follow up) in the antibiotic group completed the 24 months of follow up and were included
in the complete case analysis. This analysis showed similar proportions of patients with one
or more episodes of recurrent acute diverticulitis during 2-year follow up; 15.4% (35/227) in
the observational group and 14.9% (36/241) in the antibiotic
p =group
0.885).
(
Comparison
of only imaging-proven recurrent diverticulitis yielded comparable results; 11.0% (25/227)
in the observational group and 7.9% (19/241) in the antibiotic pgroup
= 0.246).
(
The
proportion of patients that developed one or more episodes of complicated diverticulitis
was comparable among groups (4.8% (11/227) versus 3.3%
p =(8/241);
0.403). In addition,
rates of different types of complicated diverticulitis and interventions performed because of
complicated diverticulitis were comparable among groups (Table 1).
Table 1.Intention-to-treat analyses of main secondary outcomes among patients with
uncomplicated acute diverticulitis assigned to an observational or antibiotic treatment
strategy at 24 months follow-up.
Recurrent diverticulitis (≥1)# – no (%)
Only imaging proven recurrences
Complicated diverticulitis (≥1)# – no (%)
Type † – no (%)
Abscess (>5cm)
Perforation
Obstruction
Fistula
Diverticular bleeding (≥1)# – no (%)
Intervention for complicated
diverticulitis (≥1)– no (%)
Type † – no (%)
Percutaneous
Surgery
Sigmoid resection – no (%)$
Type Emergency
Elective

Observation
Antibiotics
P-value
(N=227* of 262)
(N=241* of 266)
35 (15.4%) 36 (14.9%) 0.885
25 (11.0%) 19 (7.9%)
0.246
11 (4.8%)
8 (3.3%)
0.403
2 (0.9%)
5 (2.2%)
4 (1.8%)
1 (0.4%)
3 (1.3%)

3 (1.2%)
2 (0.8%)
2 (0.8%)
1 (0.4%)
0 (0.0%)

0.113

11 (4.8%)

7 (2.9%)

0.275

2 (0.9%)
10 (4.4%)
20 (9.0%)
3 (1.4%)
17 (7.7%)

2 (0.8%)
5 (2.1%)
12 (5.0%)
2 (0.8%)
10 (4.2%)

0.085

* Number of patients that completed the full 24 months of follow-up; 86.6% in the observational group and 90.6%
in the antibiotic group.
#

Number of patients with one or more episodes of recurrent diverticulitis

† Patients can have more than 1 type of complicated diverticulitis
Due to censoring of 6 patients that were dually enrolled in the DIRECT trial, the total number of patients in this
comparison was 221 in the observational group and 241 in the antibiotic group
$

LONG-TERM EFFECTS OF OMITTING ANTIBIOTICS IN ACUTE DIVERTICULITIS.

57

Although no differences in the proportion of complicated and recurrent diverticulitis were
found, the proportion of patients undergoing sigmoid resection was non-significantly
higher in the observational group (9.0% (20/221) versus 5.0% p(12/241);
= 0.085).
This trend is explained by a higher number of elective sigmoid resections in the
observational group (7.7%; 17/227) compared to the antibiotic group (4.2%; 10/241).
The rates of emergency sigmoid resections, however, were comparable (1.3% (3/227)
and 0.8% (2/241), respectively; Table 1). In the observational group, all three emergency
resections were performed because of perforated diverticulitis. In the antibiotic group,
one emergency was performed because of perforated diverticulitis and the other one
because of sigmoid obstruction.
Since this complete case analysis only included patients that completed the entire 24
months of follow up, attrition bias might have been introduced. Three analyses were
done to assess the risk of attrition bias by exploring differences in baseline characteristics
and clinical disease course. First, baseline characteristics were comparable among the
complete case analysis population and lost to follow-up population (Supplementary
Table 1). Second, only minimal changes in rates of complications at 6 months in favor of
the antibiotic group were observed when the current complete case study population
was compared to the original intention-to-treat population (Supplementary Table 2).8
Third, the time to recovery in observational patients was significantly longer in the lost
to follow-up group compared with the complete case group (median 24 days versus 13
days, respectively; p = 0.004), whereas the time to recovery in antibiotic patients was
only slightly but not significantly longer in the lost to follow-up group (median 15 days
versus 11 days, respectively;
p = 0.106). This implies that patients in the observational
group tended to drop out of follow-up sooner than patients in the antibiotic group when
recovery of the initial diverticulitis episode was prolonged.
Complicated and recurrent diverticulitis
Figures 1and 2show the long-term effects of observational or antibiotic treatment of the
initial episode of diverticulitis on the occurrence of complicated and recurrent diverticulitis.
No clear distinctive pattern of distribution over time between the observational and
antibiotic groups could be recognized for both complicated diverticulitis and recurrent
diverticulitis.
Risk factors for the development of complicated or recurrent diverticulitis were identified
using univariable and multivariable logistic regression. Independent risk factors for the
development of complicated or recurrent diverticulitis were younger age (<50 years;
adjusted odds ratio (OR) 1.86; 95% confidence interval (CI) 1.05–3.32) and an initial
pain score at first presentation of a visual analogue score (VAS) 8 or higher (adjusted
OR 1.89; 95% CI 1.06–3.35). Treatment type by itself was not an independent risk factor
for complicated or recurrent diverticulitis (adjusted OR of 1.18 (95% CI 0.69–2.02) for
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Complicated diverticulitis
5

Antibiotic

4

Observational
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3
2
1
0

1
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5
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11
12
13
14
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17
18
19
20
21
22
23
24

No. of complicated diverticulitis cases

6

Time in months

Figure 1.Number of complicated diverticulitis episodes in each month for the 24 months
after randomization, comparing the observational (N=227) and antibiotic (N=241) treatment
groups. Patients can have more than 1 episode of complicated diverticulitis.

Recurrent diverticulitis
Antibiotic

7

Observational

6
5
4
3
2
1
0

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

No. of recurrent diverticulitis cases

8

Time in months

Figure 2.Number of recurrent diverticulitis episodes in each month for the 24 months after
randomization, comparing the observational (N=227) and antibiotic (N=241) treatment
groups. Patients can have more than 1 episode of recurrent diverticulitis.
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Table 2. Univariable and multivariable analyses of risk factors (odds ratio) associated with
1 or more episodes of complicated diverticulitis or recurrent diverticulitis in patients that
completed the 24 months of follow-up.

Gender
Male
Female
BMI
2
< 30 kg/m
2
> 30 kg/m
Age
< 50 years
≥ 50 years
ASA score
I
II or III
Smoking
Yes
No
Alcohol ≥ 2 units/day
Yes
No
Pain score at
presentation
VAS < 8
VAS ≥ 8
Hinchey
1a
1b
Treatment type
Observational
Antibiotic

No. of
Complicated
patients
diverticulitis
at risk for
or recurrence
complicated
diverticulitis
N (%)
or recurrence

Univariable

OR (95% CI)

Multivariable

OR (95% CI)

227
241

41 (18.1%)0.93 (0.59-1.49)
46 (19.1%)

352
96

59 (16.8%)
23 (24.0%)1.57 (0.91-2.70)

136
332

35 (25.7%)1.87 (1.15-3.03)
1.86 (1.05-3.32)
52 (15.7%)

297
171

62 (20.9%)
25 (14.6%)0.65 (0.39-1.08)
0.84 (0.45-1.54)

106
334

26 (24.5%)1.65 (0.97-2.80)
1.51 (0.84-2.71)
55 (16.5%)

80
249

17 (21.3%)1.13 (0.61-2.10)
48 (19.3%)

298
101

47 (15.8%)
26 (25.7%)1.85 (1.07-3.19)
1.89 (1.06-3.35)

435
33

81 (18.6%)
6 (18.2%) 0.97 (0.39-2.43)

227
241

44 (19.4%)1.11 (0.70-1.76)
1.18 (0.69-2.02)
43 (17.8%)

Abbreviations: BMI, Body Mass Index. ASA, American Society of Anesthesiologists. VAS, Visual Analogue Score.

observational treatment compared to antibiotic treatment; Table 2). Only younger age
(<50 years) was an independent risk factor for recurrent diverticulitis (adjusted OR 1.80;
95% CI 1.05–3.11; Table 3).
Elective sigmoid resection
The trend towards more elective sigmoid resection rates (7.7% in the observational
group versus 4.2% in the antibiotic group) could not be explained by specific indications
for surgery. (Table 4) Indications for elective sigmoid resection were mostly comparable
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Table 3. Univariable and multivariable analyses of risk factors (odds ratio) associated with
1 or more episodes of recurrent diverticulitis in patients that completed the 24 months of
follow-up.
Recurrence
N (%)

Univariable
OR (95% CI)

Multivariable
OR (95% CI)

227
241

34 (15.0%)0.97 (0.59-1.61)
37 (15.4%)

352
96

46 (13.1%)
20 (20.8%)1.75 (0.98-3.13)
1.67 (0.92-3.02)

136
332

30 (22.1%)2.01 (1.19-3.38)
1.80 (1.05-3.11)
41 (12.3%)

297
171

51 (17.2%)
20 (11.7%)0.64 (0.37-1.11)

106
334

19 (17.9%)1.33 (0.74-2.39)
47 (14.1%)

80
249

13 (16.3%)1.05 (0.53-2.07)
39 (15.7%)

298
101

41 (13.8%)
20 (19.8%)1.55 (0.86-2.79)

435
33

69 (15.9%)
2 (6.1%) 0.34 (0.08-1.46)

227
241

35 (15.4%)1.04 (0.63-1.72)
1.05 (0.62-1.78)
36 (14.9%)

342
126

48 (14.0%)
23 (18.3%)1.37 (0.79-2.36)
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Gender
Male
Female
BMI
2
< 30 kg/m
2
> 30 kg/m
Age
< 50 years
≥ 50 years
ASA
I
II or III
Smoking
Yes
No
Alcohol ≥ 2 units/day
Yes
No
Pain score at
presentation
VAS < 8
VAS ≥ 8
Hinchey
1a
1b
Treatment type
Observational
Antibiotic
Time-to-recovery
< 28 days
≥ 28 days

No. of
patients
at risk for
recurrence

Abbreviations: BMI, Body Mass Index. ASA, American Society of Anesthesiologists. VAS, Visual Analogue Score.

among both groups. Although, recurrent diverticulitis and colonic obstruction were slightly
more often the reason for elective surgery whereas the number of patients that had one
or more episodes of recurrent diverticulitis (35 patients in the observational group and
36 in the antibiotic group) and colonic obstruction (4 patients in the observational group
and 2 in the antibiotic group) were comparable.
The patients’ hospital was no contributing factor since multivariable logistic regression
demonstrated comparable odds ratios for sigmoid resection with (OR 1.89; 95% CI 0.90–
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Table 4. Indications for elective sigmoid resection at 24 months follow-up.
Perforated diverticulitis
Obstruction/chronic ileus
Ongoing diverticulitis
Persistent abdominal complaints
Recurrent diverticulitis
Diverticular bleeding
Fistula
Total

Observation
(N=221*)
0
4
2
4
5
1
1
17

Antibiotics
(N=241*)
0
1
0
6
2
0
1
10

* Number of patients that completed the full 24 months of follow-up; 86.6% in the observational group and 90.6%
in the antibiotic group. Six observational patients were censored due to dual enrollment in the DIRECT trial.

3.98) or without adjustment (OR 1.90; 95% CI 0.91–3.98) for center. A lower threshold to
perform a sigmoid resection after an adverse event in the observational group may have
played a role which is illustrated by the lasagna plots in Fig. 3. The occurrence of either
complicated or recurrent diverticulitis was equally distributed throughout the 2 years of
follow up and comparable rates were seen at 2 years after randomization (18.1% in the
observational group versus 17.4% in the antibiotic group). Despite these comparable
rates, slightly more patients underwent an elective sigmoid resection after an episode of
complicated or recurrent diverticulitis. These lasagna plots also show the vast majority
of patients did not experience any diverticulitis related complications during the 2 years
after their initial episode.

62

LONG-TERM EFFECTS OF OMITTING ANTIBIOTICS IN ACUTE DIVERTICULITIS.

Chapter 3

Figure 3. Sorted lasagna plots showing 24 months of follow-up after randomization of an
observational (N=227) and antibiotic (N=241) treatment strategy. The plots are withincolumn sorted, thereby displaying group-level patterns. The light grey area represents
patients with no episode of complicated or recurrent diverticulitis, nor sigmoid resection.
The green area represents patients that had one or more episodes of complicated or
recurrent diverticulitis, but did not undergo sigmoid resection (yet). The red area represents
patients that underwent elective sigmoid resection and the blue area represents patients
that underwent emergency sigmoid resection. Therefore, a patient that had an episode of
complicated or recurrent diverticulitis is represented by the green area, but after an elective
sigmoid resection the patient is represented by the red area and no longer by the green
area.
DISCUSSION
Long-term follow-up results of a randomized clinical trial comparing an observational
and antibiotic treatment strategy for a first episode of uncomplicated acute diverticulitis
revealed no difference in recurrent diverticulitis rates and complicated diverticulitis
rates. Slightly, but not significantly, more elective sigmoid resections were performed in
the observational group, although the number of patients with complicated or recurrent
diverticulitis was comparable in both study groups.
Most results are in line with the only other RCT on this topic, the AVOD trial.7 This
Scandinavian study found 16.2% recurrent diverticulitis in the observational group and
15.8% in the antibiotic group, both at a follow-up duration of 12 months. These rates
were slightly higher at only half the follow-up duration of the present study. Presumably,
this is caused by the 40% of patients that had recurrent rather than primary diverticulitis
at inclusion in the AVOD trial. Furthermore, also the AVOD trial found a non-significantly
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higher rate of complicated diverticulitis, 1.9% in the observational group versus 1.0% in
the antibiotic group (p = 0.302). As in both studies few events occurred, discriminating
between causal association and a non-significant difference by chance seems impossible.
Furthermore, the AVOD trial only reported perforation and abscess as complicated
diverticulitis types. Therefore, comparisons of other types of diverticulitis related
complications (obstruction, fistula and diverticular bleeding) between the studies could
not be made.
Although not significant, the slightly higher proportion of patients undergoing elective
sigmoid resection in the observational group may be a new perspective in the treatment
dilemma of antibiotics or not for mild diverticulitis. The AVOD trial has only reported
resection rates up to 12 months follow up. These rates were also, however not significantly
higher in the observational group (1.9% versus 0.6%,
p = 0.148). These percentages
represent sigmoid resections during follow up. Whether emergency resections are part
of these follow-up resections is not stated. Apart from these two randomized trials, only
one retrospective study with similar follow-up duration (mean 30 months) reported
elective sigmoid resection rates.5 In contrast to the present study, this retrospective
study found more elective sigmoid resections in the antibiotic group (1.1% of patients
in the observational group versus 8.7% of patients in the antibiotic group). Although,
the inevitable bias that has been introduced by the non-randomized nature of this study
makes these results only illustrative rather than comparable to the present study.
In contrast to the other available RCT, indications for elective sigmoid resections were
listed in the DIABOLO trial. This revealed that most indications for elective surgery were
comparable among groups. In the observational group recurrent diverticulitis and colonic
obstruction were mentioned more often as a reason for sigmoid resection. Since rates
of adverse events were comparable among groups, surgeon and/or patient preference
with a lower threshold for surgery in the observational group may have played a role.
An explanation for this different threshold could be the open-label study design in
which patients may feel they did not receive treatment (being antibiotics) during their
initial episode and demand treatment when disease recurs, albeit being more invasive
treatment. Another explanation could be the minor (non-significant) differences to the
disadvantage of observational treatment that were observed such as time to recovery
(median 14 versus 12 days), ongoing diverticulitis (7.3% versus 4.1%) and complicated
diverticulitis (4.8% versus 3.3%) (See Supplementary Figure
for1
a visualization of all
short-term and long-term outcomes of the DIABOLO trial). Although all these differences
were by enlarge non-significant, in theory they could have caused by a slightly less
favourable disease course in the observational group, accumulating into a disease status
that leaned more towards sigmoid resection. Although, the subjective evaluation leading
to an elective sigmoid resection limits the value and generalizability of this finding.

64

LONG-TERM EFFECTS OF OMITTING ANTIBIOTICS IN ACUTE DIVERTICULITIS.

In parallel with the comparable time to recovery between observational and antibiotic
treatment reported in the short-term results of the DIABOLO trial8, this study found at
long-term follow up no differences in recurrent diverticulitis, complicated diverticulitis
and sigmoid resection rates. The non-significant higher rate of elective sigmoid
resections in the observational group seems to have been caused by a lower threshold
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A strength of this study is the source of the data; a randomized clinical trial conducted
according to the highest standards of randomized trials. The study was prospective and
data collection was standardized. An inherent limitation of data from a RCT is the possible
selection of patients. However, as reported previously, patients eligible to participate
that were not randomized had clinical characteristics mostly similar to the patients that
were randomized.8 Another limitation is the insufficient sample size to assess outcome
measures with few events and subgroups that might benefit from antibiotics, as the
sample size of this trial was calculated on the time-to-recovery comparison between an
observational and antibiotic treatment strategy. One more limitation is the possible risk of
attrition bias. In a complete case analysis, only patients that completed the entire followup duration were included. Patients can become lost to follow up because of certain
baseline characteristics or because of a deviant clinical course, both may influence the
results of the analyses. In the present study, baseline characteristics did not seem to be
a contributing factor. Also outcomes of patients included in the 6 months analysis and
patients included in the complete case analysis were comparable. Patients lost to follow
up in the observational group however, did have a longer time to recovery than patient
not lost to follow up. The open-label study design presumably caused patients in the
observational group to drop out of follow-up sooner. Nonetheless, since prolonged time
to recovery did not seem to have a significant effect on rates of events during follow
up in the risk factor analyses, the impact on outcomes is considered to be limited. In
summary, the risk of attrition bias seems limited and, if present, would probably have
resulted in slightly underestimated rates of complications in the observational group.
Furthermore, outcomes of patients that were dually enrolled in the DIRECT trial11
(comparing surgery and conservative treatment for persisting complaints after acute
diverticulitis) were biased. Therefore, these patients, six from the observational group,
were censored at the time of their enrolment in the DIRECT trial. In the DIRECT trial,
four of these six patients were randomized to conservative treatment and two of six
were randomized to sigmoid resection. However, two of the patients randomized to
conservative treatment did eventually undergo sigmoid resection because of worsening
symptoms. If these patients would not have been excluded from the present study, the
rate of elective sigmoid resection would have been slightly higher in the observational
group. Since all dually enrolled patients – both surgical patients and conservative patients
that underwent resection because of worsening symptoms later – were biased by that
study, these patients were excluded from the present study.

for surgery in this group. However, the subjective evaluation leading to an elective
sigmoid resection limits the value and generalizability of this finding. Since the DIABOLO
trial was not powered on the secondary outcomes, some uncertainty remains whether
(small) non-significant differences could be true associations. If future research would
show any beneficial effect of antibiotics for a subset of long-term outcome parameters,
these should be compared with the disadvantages of antibiotics as reported in the initial
DIABOLO paper8; patients treated with antibiotics developed antibiotic related morbidity
in 8.3% of patients, whereas patients without antibiotic treatment could be treated as
outpatients in 13.0% of cases and if admitted, length of hospital stay was significantly
shorter compared with antibiotic patients.
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SUPPLEMENTARY MATERIAL
Supplementary Table 1.Baseline characteristics of patients in complete case analysis and
patient not in complete case analysis (lost to follow-up).
Complete case analysis
(N=468)
Age (years)*
Sex ratio (M:F)
Co-morbidity†
BMI (kg/m2)*
Body temperature (°C)*
9
White blood cell count (x 10
cells/l)*
C-reactive protein (mg/l)*
Hinchey category 1a

Lost to
follow-up
(N=60)
57.4 (49.8-65.0)53.2 (41.2-65.3)
227:241
40:20
211 (45.1%)
23 (38.3%)
26.6 (24.1-29.1)27.5 (15.0-30.0)
37.3 (36.3-38.4)37.2 (36.2-38.2)
12.3 (10.1-14.5)11.7 (9.3-14.1)
79.0 (37.0-121.0)
73.5 (33.5-113.5)
435 (92.9%)
51 (85.0%)

Values in parentheses are percentages unless indicated otherwise; *values are median
(i.q.r.); †Includes cardiovascular disease and/or pulmonary disease and/or renal failure
and/or diabetes mellitus; ASA American Society of Anesthesiologists; BMI Body Mass Index

Supplementary Table 2. Assessment of potential attrition bias. Comparison of main
secondary outcome measures at 6 months of follow-up between the group of patients that
was included in the short-term results paper8 (all 528 patients in the study) (Supplementary
Table 2a) and the group of patients that was included in the present long-term intentionto-treat results paper (only patients that completed the entire 24 months of follow-up)
(Supplementary Table 2b).
Supplementary Table 2a
Recurrent diverticulitis (≥1)– no (%)

Observation
(N=262)
9 (3.4%)

Antibiotics
(N=266)
8 (3.0%)

Complicated diverticulitis (≥1)– no (%)

10 (3.8%)

7 (2.6%)

Sigmoid resection – no (%)

10 (3.8%)

6 (2.3%)

Supplementary Table 2b
Observation
(N=227*)
8 (3.5%)

Antibiotics
(N=241*)
6 (2.5%)

Complicated diverticulitis (≥1)– no (%)

9 (4.0%)

6 (2.5%)

Sigmoid resection – no (%)

8 (3.5%)

4 (1.7%)

Recurrent diverticulitis (≥1)– no (%)
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Supplementary Figure 1. Visualization of short-term (≤ 6 months) outcomes (outpatient
treatment, length of hospital stay in days, readmission, adverse events and ongoing
diverticulitis) and long-term (2 year) outcomes (complicated diverticulitis, sigmoid resection
and recurrent diverticulitis) for observational and antibiotic treatment of uncomplicated
acute diverticulitis.
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ABSTRACT
Background
Although acute diverticulitis and its recurrence are well studied, little is known about
the period after these attacks have passed. Many patients appear to be affected by
persistent symptoms that impair quality of life. The few published studies on this topic
are mostly limited by the lack of computed tomography confirmation of the acute
diverticulitis diagnosis, low numbers of patients, or cross-sectional design.
Objective
This study longitudinally evaluated quality of life and symptoms after antibiotic or
observational treatment of uncomplicated acute diverticulitis.
Design
Observational study of randomized clinical trial data.
Patients
CT-proven, primary, left-sided, uncomplicated, acute diverticulitis; randomly assigned
to observational or antibiotic treatment.
Outcome measures
Quality of life was assessed using questionnaires (EQ5D, SF-36 and GIQLI) at baseline
and 3, 6, 12 and 24 months after randomization. Patients were considered to have
persistent symptoms when specific quality of life scores at the 12- and 24-month
follow-ups were among the lowest 16% of scores measured in a healthy reference
group.
Results
A total of 528 patients were included. No difference was detected between the
observational and antibiotic groups in any quality of life score during follow-up. Overall,
32.2%-38.2% of patients had persistent symptoms after 1 or 2 years, depending on
which questionnaire (sub)score was assessed. Risk factors for persistent symptoms
based on to the GIQLI gastrointestinal symptoms score were a mean pain score ≥ 3.75
(OR 2.77; 95% CI 1.60-4.80) during the first 10 days of disease and prolonged (≥ 28
days) time-to-recovery (OR 2.25; 95% CI 1.31-3.88). Flatulence, rumblings, bloating,
fullness and many stools were the top 5 complaints at the 12- and 24-month followup.
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Conclusion
More than a third of patients experience persistent symptoms after an episode of
acute uncomplicated diverticulitis. Long-term quality of life is comparable after initial
antibiotic or observational treatment.

Colonic diverticulosis is a common condition in Western countries, affecting 20% to 30%
of individuals younger than 50 years and up to 70% of individuals over 80 years 1of age.
Approximately 4% of these individuals will eventually develop acute diverticulitis.2In recent
years, two randomized clinical trials demonstrated the safety of omitting antibiotics in the
treatment of uncomplicated acute diverticulitis.3,4Omitting antibiotics did not increase the
time-to-recovery or the rates of complicated diverticulitis, recurrent diverticulitis or sigmoid
resection. However, there are currently no data on the quality of life after uncomplicated
acute diverticulitis, with or without antibiotic treatment, though this is an important issue
that could affect whether or not to omit antibiotics in cases of uncomplicated diverticulitis.
Indeed, little in general is known about the quality of life of patients experiencing acute
diverticulitis.
In contrast to the extensive data available on the management and outcomes of acute
diverticulitis episodes, little is known about the period after these attacks have passed.
Patients with overt flares are frequently seen in daily practice, but patients with persistent
low-grade symptoms may go unrecognized. Nonetheless, these persistent symptoms
can be particularly burdensome for patients and may impair their quality of life.3,5,6
The
pathophysiology of acute diverticulitis and the symptoms occurring after these episodes
have passed remains unclear, hampering the development of effective treatment strategies.
It is also unclear whether the chronic symptoms after acute diverticulitis are actually caused
by the diverticulitis or whether these patients are at higher risk for other gastrointestinal
disorders that may also cause these symptoms, such as irritable bowel syndrome.7
To meaningfully address the origin of the persistent symptoms, robust evidence on their
occurrence in patients with reliably proven diagnoses of acute diverticulitis is essential.
Most studies on this topic include only patients with a clinical diagnosis of acute diverticulitis
or patients with diverticular disease other than acute diverticulitis. With that approach,
however, patients with other conditions may be included in the acute diverticulitis group.
Only a few studies have used computed tomography (CT) for diagnostic confirmation. This
approach confirms the purity of the patient group and thus provides the most reliable data
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INTRODUCTION

on persistent symptoms after an acute diverticulitis attack. But even previous studies using
CT confirmation have limitations. For instance, they reported only abdominal pain instead of
the entire range of diverticular disease complaints, or they selected a subgroup of patients
with multiple recurrences, or they included a low number of patients.3,5,6,8,9
In this study, longitudinal data on quality of life and persistent symptoms in patients with
a primary episode of CT-proven uncomplicated diverticulitis from the DIABOLO trial4 were
used. The DIABOLO (DIverticulitis: AntiBiotics Or cLose Observation?) trial was a multicenter
randomized clinical trial of an observational or antibiotic treatment strategy in patients
with uncomplicated acute diverticulitis. The aim of the present analysis was twofold. Our
hypothesis was that omitting antibiotics does not impair quality of life as compared to routine
antibiotic treatment. To test that idea, we compared the general and gastrointestinal quality
of life between patients receiving observational or antibiotic treatment for uncomplicated
acute diverticulitis. In addition, we performed an explorative study of the quality of life after
an episode of uncomplicated acute diverticulitis, assessing the rate of persistent symptoms
and identifying patients at risk for persistent symptoms.

METHODS
Study Design and Patient Population
The DIABOLO trial was a multicenter, pragmatic, non-inferiority, randomized clinical trial
conducted at 22 clinical sites in the Netherlands from 2010 to 2012. The main clinical
4
outcomes during up to 12 months of follow-up have been reported elsewhere.
In summary,
a total of 528 patients with CTproven, first episode, left-sided and uncomplicated acute
diverticulitis were randomized to an observational (262 patients) or antibiotic (266 patients)
treatment group. Uncomplicated acute diverticulitis was defined as modified Hinchey stages
1a-b and Ambrosetti’s “mild” diverticulitis stage.10,11
Time-to-recovery was defined as the
time interval between randomization and meeting the following criteria: discharge from the
hospital, normal diet (tolerating solid food and more than 1 L of fluid orally), temperature
< 38°C, pain Visual Analogue Score (VAS) < 4 (with no use of daily pain medication) and
resumption of pre-illness working activities as assessed from a daily patient diary. The study
protocol and some protocol amendments were published previously.4,12
As quality of life was
a secondary outcome of the DIABOLO trial, the study was not powered on this outcome.
The Medical Research Ethics Committee of the Academic Medical Center in Amsterdam
approved the protocol, and all patients provided written informed consent.4,12
The STROBE
13
checklist for reporting was followed.
Data Collection and Outcomes
Patients were followed up at outpatient clinics or by telephone at 12 and 24 months. In
addition to baseline questionnaires, quality of life questionnaires were sent to all patients
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Statistical Analysis
Quality of life after an episode of uncomplicated diverticulitis was compared between
observational and antibiotic treatments. In addition, quality of life and persistent complaints
were assessed in all included patients and, if possible, compared to healthy individuals.
Quality of life scores determined 3, 6, 12 and 24 months after observational or antibiotic
treatment were compared using generalized linear mixed models, with adjustment for
baseline quality of life scores. The final mixed model was selected based on the Akaike
information criterion (AIC) value and included a gamma regression distribution with a
scaled identity covariance structure. Both the overall effect of a treatment strategy and the
interaction between the treatment strategy and time were assessed.

Chapter 4

3, 6, 12 and 24 months after randomization. The EQ5D survey is a general health related
quality of life questionnaire, from which only the VAS was used in the present study.14 The
SF-36 survey is a general health quality of life questionnaire containing 36 items covering
8 dimensions aggregated into a physical and mental composite score.15 The GIQLI survey
is a health-related quality of life questionnaire for gastrointestinal diseases containing 36
items covering 4 domains (gastrointestinal symptoms, physical function, social function and
emotional function).16 For both SF-36 and GIQLI scores, a higher score indicates a better
quality of life.

Because a definition for persistent symptoms after an episode of acute diverticulitis was
lacking, they were defined using three quality of life subscales to test the robustness
of patient identification: the SF-36 “bodily pain” subscale, the GIQLI “gastrointestinal
symptoms” subscale and the GIQLI “abdominal pain” score. Data from a previous Dutch
17
SF-36 validation study were used as reference data.
Acute diverticulitis patients with SF-36
scores more than 1 standard deviation below the mean score in the reference population
(representing individuals with the lowest 15.86% quality of life scores), were considered
patients with persistent symptoms at baseline and 3, 6, 12 and 24 months after study entry.
Because no such Dutch reference group is available for the GIQLI, pooled mean scores
from cohorts of healthy individuals from three previously published studies were used
as reference data.18-20
A French study18 reported a mean score of 66.0 ± 8.4 (n = 125), a
20
19
study from Taiwan reported a mean score of 66.3 ± 7.2 (n = 340), and a Swedish
study
reported a mean score of 63.9 ± 9.6 (n = 390), resulting in a pooled mean score of 65.2 ±
8.5. As with the SF-36, patients with GIQLI gastrointestinal symptoms scores more than 1
standard deviation below this pooled mean score, were considered patients with persistent
symptoms at that time point.
For numerical variables, means and standard deviations or medians and interquartile ranges
were calculated. Comparisons were made using an unpaired t-test or Mann-Whitney U
test, as appropriate. For categorical variables, numbers and percentages were calculated
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and compared using the χ2 test or Fisher’s exact test, as appropriate. Multivariable logistic
regression was used to identify independent risk factors. The dependent variable was
persistent symptoms, which were defined based on fulfillment of the criteria for persistent
symptoms at the 12-month or 24-month follow-up. Risk factors for developing persistent
symptoms were assessed using all three of the aforementioned tests to assess persistent
symptoms. Variables that were significant, or approached significance (p ≤ 0.10), in the
univariable analyses were included in the multivariable logistic analyses. Some numerical
variables were converted into dichotomous categorical variables defined by clinically
relevant thresholds, making them easier to interpret and use in daily practice. For both
the mean pain score during the first 10 days of the initial episode and time-to-recovery,
the upper quartiles of all patients (pain VAS ≥ 3.75 and time-to-recovery ≥ 28 days) were
considered potentially predictive factors to be entered in the logistic regression analyses. All
risk estimates are expressed as the odds ratio (OR). Any missing values were excluded from
the analysis of that outcome or time point. A two-sided p < 0.05 was considered statistically
significant. All analyses were performed using SPSS, version 23.0 (SPSS Inc., Chicago, IL,
USA).

RESULTS

Observational Versus Antibiotic Treatment Strategy
Most patients correctly filled out and returned the quality of life questionnaires. The
response rates were 88%-90% at baseline, 73%-74% at 12 months and 70%-73% at 24
months after randomization. Adjusting for baseline scores, comparison of the estimated
mean EQ5D-VAS health state (observational 77 vs antibiotics 76); SF-36 composite physical
and mental scores (observational 47 vs antibiotics 47); and GIQLI physical, gastrointestinal
symptoms (observational 63 vs antibiotics 63), social, emotional and total score (antibiotics
117 vs observational 116) revealed no overall differences between an observational and
antibiotic treatment strategy, nor did it reveal differences during followup (Appendix tables
1 and 2).
Quality of Life After a Primary Episode of Uncomplicated Acute Diverticulitis
The EQ5D health state, SF-36 physical, GIQLI total and GIQLI gastrointestinal symptoms
scores revealed impaired physical quality of life at the time of the diagnosis of a first
episode of uncomplicated acute diverticulitis (Fig. 1 and Appendix table 3). All these scores
normalized within 3 months and remained normal at the 24-month follow-up. The SF-36
mental subscale as well as the GIQLI emotional scores were fairly constant from baseline
throughout the 24 months of follow-up.
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Persistent Symptoms After a Primary Episode of Uncomplicated Acute Diverticulitis
Sixty percent of patients fulfilled the criteria for persistent symptoms according to the SF36 “bodily pain” subscale (Figure 2 and Appendix table 4). Throughout the 24 months of
follow-up, the percentage of patients with persistent complaints ranged from 22% to 27%.
According to the GIQLI “gastrointestinal symptoms” subscale, 54% of the patients fulfilled
the criteria for persistent symptoms at baseline, and persistent symptoms were seen in
23%-26% of the patients during the follow-up period (Fig. 2 and Appendix table 4).
Because the threshold for persistent symptoms was defined as more than 1 standard deviation
below the mean of a healthy reference group, 15.68% of patients in the reference group
automatically met the criteria for having persistent symptoms. In the acute diverticulitis
group, by contrast, the rate of patients with persistent symptoms was 24% (according to
the SF-36 Bodily Pain subscale) or 25% (according to the GIQLI “gastrointestinal symptoms”
subscale) at the 24-month follow-up, which was significantly higher than in the reference
group (Fig. 2).
No reference data were available for the GIQLI “abdominal pain” question. Patients were
considered to have persistent symptoms when they reported abdominal pain “every now
and then,” “almost continuously” or “continuously.” Consequently, 80% reported symptoms
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Figure 1.Median quality of life scores and interquartile ranges at baseline and 3, 6, 12 and 24
months after diagnosis according to EQ5D, SF-36 and GIQLI questionnaires. For each quality
of life (sub)score, the bars represent from left to right, baseline and 3, 6, 12 and 24 months
of follow-up. The dotted lines represent mean scores in groups of healthy individuals; i.e.,
pooled study-level results from three other studies18-20
for GIQLI scores and results from a
17
Dutch validation study for SF-36 scores.

Figure 2. Percentages of patients with persistent symptoms at the indicated times points
according to the SF-36 and GIQLI questionnaires, including a comparison with healthy
reference groups.
at baseline, followed by 24% to 26% during the follow-up period (Fig. 2 and Appendix table
5).

Risk Factors for Persistent Symptoms
From the SF-36 “bodily pain” score, 38.2% of the patients reported persistent symptoms;
from the GIQLI “gastrointestinal symptoms” score, 32.2% reported persistent symptoms;
and from the GIQLI “abdominal pain” score 35.9% reported persistent symptoms. No
independent risk factors could be identified from the SF-36 “bodily pain” score (Appendix
table 5). From the GIQLI “gastrointestinal symptoms” score, two factors describing the
course of the initial episode were independent risk factors: a mean pain VAS score of 3.75
or higher during the first 10 days after presentation (OR 2.77; 95% CI 1.60–4.80) and a timeto-recovery of 28 days or longer (OR 2.25; 95% CI 1.31–3.88) (Table 1). The same two factors
also were independent risk factors for persistent symptoms using the GIQLI “abdominal
pain” question with respective odds ratios of 2.18 (95% CI 1.27–3.74) and 2.24 (95% CI
1.31–3.81) (Appendix table 6).
Types of Persistent Symptoms
In contrast to the aggregate scores reported previously, we assessed individual lower
gastrointestinal complaints at all 5 time points using questions from the GIQLI questionnaire
(Fig. 3). Symptoms were considered truely persistent if they occurred “every now and
then,” “almost continuously” or “continuously.” At presentation of the initial episode of
acute diverticulitis (baseline), abdominal pain was the most reported symptom, followed
by bloating, rumblings and flatulence. Most symptoms were reported at similar rates at
all 4 time points evaluated (3, 6, 12 and 24 months after the start of treatment of the

78

QOL AND PERSISTENT COMPLAINTS AFTER UNCOMPLICATED DIVERTICULITIS.

Chapter 4

Figure 3.Percentages of patients with the indicated gastrointestinal symptoms according to
the GIQLI questionnaire “every now and then” or more often at baseline and after 3, 6, 12
and 24 months of follow-up displayed as colored bars from black to light grey.

first episode). At 24 months, predominantly occurring symptoms were flatulence (39%),
rumblings (31%), many stools (30%), bloating (28%), fullness (28%) and severe urgency for
defecation (27%). However, these symptoms also occur in healthy individuals. The absolute
quality of life scores for several symptoms were actually comparable to those for healthy
individuals in other studies (a higher score indicates fewer symptoms): flatulence (2.62 in
the present study vs 2.5719 and 3.1020 in healthy individuals), bloating (2.96 vs 2.7419 a
3.1020), and fullness (3.06 vs 3.2919 and 3.1020). For other symptoms, scores in diverticuli
patients from the present study were lower than in healthy individuals: abdominal pain
(3.05 vs 3.4219 and 3.4020), rumblings (2.89 vs 3.1219 and 3.4020), and many
vs 3.1819 and 3.5020).

DISCUSSION
Long-term quality of life was comparable for patients receiving initial antibiotic treatment or
observational treatment. More than a third of patients experienced persistent symptoms 1-2
years after an episode of uncomplicated diverticulitis. No patient characteristic appeared to
be a risk factor for the development of persistent symptoms. Instead, two factors describing
the course of the initial episode, prolonged time-to-recovery and high pain scores during the
first 10 days after diagnosis, were risk factors for persistent symptoms.
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Table 1.Univariable and multivariable analyses of risk factors associated with persistent
gastrointestinal symptoms (according to the GIQLI questionnaire) at the 12- or 24 month
follow-ups.
No. of patients
at risk for
persistent
symptoms
Gender
Male
Female
BMI
2
< 30 kg/m
2
> 30 kg/m
Age
< 50 years
≥ 50 years
Smoking
Yes
No
Alcohol ≥ 2 units/day
Yes
No
Pain score at
presentation
VAS < 8
VAS ≥ 8
Mean pain score
during first 10 days of
initial episode
VAS < 3.75
VAS ≥ 3.75
Hinchey
1a
1b
Treatment type
Observational
Antibiotic
Time-to-recovery
< 28 days
≥ 28 days

Persistent
symptoms
N (%)

Univariable
OR (95% CI)

Multivariable a
OR (95% CI)

207
222

68 (32.9%)
1.06 (0.71 – 1.59)
70 (31.5%)

339
85

110 (32.4%)
27 (31.8%)
0.97 (0.58 – 1.61)

117
312

43 (36.8%)
1.33 (0.85 – 2.07)
95 (30.4%)

95
312

31 (32.6%)
1.01 (0.62 – 1.65)
101 (32.4%)

80
227

20 (25.0%)
0.65 (0.37 – 1.16)
77 (33.9%)

277
92

79 (28.5%)
42 (45.7%)
2.11 (1.30 – 3.42)
1.38 (0.79 – 2.42)

263
89

62 (23.6%)
48 (53.9%)
3.80 (2.29 – 6.29)
2.77 (1.60 – 4.80)

401
28

127 (31.7%)
11 (39.3%)
1.40 (0.64 – 3.07)

210
219

66 (31.4%)
0.94 (0.62 – 1.40)
72 (32.9%)

318
111

84 (26.4%)
54 (48.6%)
2.64 (1.69 – 4.13)
2.25 (1.31 – 3.88)

Abbreviations: BMI = body mass index; VAS, visual analogue score; OR = odds ratio; CI = confidence interval.
a

Model c-statistic 0,68
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Although some symptoms reported in the present study may have been caused by episodes
of recurrent diverticulitis, the large majority were not associated with diagnosed recurrent
episodes. Thirty-one of 138 patients with ongoing abdominal complaints (according to
the GIQLI questionnaire) experienced a recurrent episode of diverticulitis within the
24-month follow-up period. However, the quality of life questionnaires used in the present
study assessed symptoms during the week (GIQLI) or 4 weeks (SF-36) before completing
the respective questionnaire. As a result, only recurrent episodes occurring in the week
or month prior to the questionnaire could be attributed to the symptoms. Because in the
DIABOLO trial only 3 episodes of recurrent diverticulitis were diagnosed in the 12th month
of follow-up and 2 episodes in the 24th month, the effect of recurrent episodes on the rate
of persistent symptoms is limited. This emphasizes the fact that acute diverticulitis patients
suffer from persistent symptoms that differ from the recurrent diverticulitis mainly reported
in literature.
Although many patients develop persistent symptoms after a primary episode of acute
diverticulitis, only a small fraction of diverticulitis research focusses on this phase of
diverticular disease. Additionally, the few studies on this topic did not use CT to confirm
the diverticulitis diagnosis. For the label “persistent complaints after acute diverticulitis,”
it is very important to make a clear distinction between patients that truly had an episode
of acute diverticulitis and those that had symptoms from diseases such as inflammatory
bowel disease or irritable bowel syndrome. One other study with CT confirmation of the
diverticulitis diagnosis reported rates of individual persistent symptoms separately at
5
a minimum of 12 months after diagnosis.
In that study, of the 40 conservatively treated
patients, 25% experienced persistent complaints, which is slightly less than the 32%41% in the present study. Constipation (25%) and painful flatulence (25%) were reported
most frequently, followed by painful defecation (23%) and abdominal cramps (23%). An
Irish study8, which used only the SF-36 questionnaire, found lower physical and mental
composite scores than the present study, but the small number of patients (n = 33) and
the lack of longitudinal data in that study make it difficult to draw conclusions. Another
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The only other study that has compared quality of life after antibiotic or observational
treatment of uncomplicated diverticulitis is a Scandinavian randomized clinical trial.3 That
study only reported abdominal pain and bowel habits at 12 months after diagnosis. Their
findings were in line with the results of the present study in that no difference was detected
between patients treated with or without antibiotics. However, nearly 50% of patients
experienced persistent abdominal pain as opposed to 25% in the present study. This
difference may be explained in part by the fact that in the earlier trial only two questions
were asked, whereas the questionnaires used in the present study asked about a wide
variety of symptoms. This may have caused patients with, for instance, bloating to report
their symptom as abdominal pain in the earlier trial.

Irish study6 assesses a longitudinal global symptom score for 10 symptoms over a period
of 12 months. Consistent with the results in the present study, the global symptom scores
declined quickly after diagnosis for up to 3 months, after which remnant symptoms remained
stable. At 12 months after diagnosis, 33%-71% of patients reported one or more persistent
symptoms – i.e. a global symptom score higher than 1 on a scale from 0 (no symptoms) to
6 (severe symptoms). Despite the wide range in these percentages, one can conclude that a
substantial fraction experienced persistent symptoms, which is consistent with the present
study. Overall, however, differences in the types of persistent symptoms and in the quality
of life measures evaluated make direct comparison to data from the present study difficult.
Nonetheless, the natural course in which complaints decreased during the first 3 months
after diagnosis, followed by a stable number of patients with persistent symptoms appears
to be confirmed.
The present study has several strengths that other studies on this topic lack. The importance
of CT confirmation, which all patients in the present study underwent, was discussed above.
In addition, the use of multiple quality of life questionnaires provides several ways to
identify patients with persistent symptoms, which increases the likelihood of correct patient
identification. Repeated quality of life measures from diagnosis throughout 24 months of
follow-up provides insight into the natural course of diverticulitis symptoms, in contrast to
the cross-sectional methods used in most published studies. Lastly, the number of patients
in the present study is considerably larger than most studies on this topic. Nevertheless,
several limitations of the present study should be taken into account. First, data originating
from randomized clinical trials could be subject to limited generalizability due to strict
inclusion and exclusion criteria. As described previously,4 however, the characteristics
of the included patients and those of patients who were eligible but not included were
largely comparable. Second, not all patients completed the full 24 months of follow-up; the
percentage of missing quality of life questionnaires increased from 9% at baseline to 26%
by the end of follow-up. This could have led to attrition bias. Third, the reference groups
used to define the thresholds for persistent symptoms may have differed from the present
study population. The SF-36 scores were compared to a Dutch reference group in which
patients were slightly younger than the study group. There was no Dutch reference group
available for the GIQLI questionnaire, so an international reference group from 3 different
countries was created. Consequently, cultural differences may have played a role as well.
For both reference groups it is unclear to what extent this may have affected the results.
Fourth, because the GIQLI questionnaire asks patients about symptoms experienced during
the prior week, it may not be perfectly suited to assess acute complaints at presentation
of acute diverticulitis (baseline in the present study). Therefore, the baseline rates of
symptoms should probably not be interpreted as true rates but only as reference data for
time points during follow-up. Fifth, 42 patients with a pericolic or mesocolic abscess of up
to 5 centimeters were included in the DIABOLO trial, which reported predefined secondary
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Our results could be used by clinicians to inform their patients about the risk of developing
persistent symptoms in addition to the much better known risk of recurrent diverticulitis.
Moreover, the fact that a substantial fraction of diverticulitis patients experience persistent
symptoms, creates awareness among clinicians and increases recognition in patients.
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outcomes, and were therefore included in the present study. Because the quality of life in
Hinchey 1b patients has not been specifically studied before, there may have been some
effect of including these patients on the overall outcomes. However, because only 8%
(42/528) of patients were Hinchey stage 1b patients, the effect on the overall quality of
life of the 528 patients is considered modest. Last, the DIABOLO trial was not powered on
quality of life and therefore the results from the comparison between observational and
antibiotic treatment should be interpreted accordingly. Although post-hoc power analysis
of all eight quality of life (sub)domains show that the present study has sufficient power to
detect clinically relevant differences, the effect sizes that could have been detected with a
power of 80% varied between 0.28 and 0.29 (for instance representing a GIQLI total score
difference of 2.63 in the present study), which is considered to be a small to medium effect.
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SUPPLEMENTARY MATERIAL
Appendix table 1.Results from generalized linear mixed models of quality of life scores
comparing observational and antibiotic treatment. Comparison of mean estimated scores
over 3, 6, 12 and 24 months, with adjustment for baseline scores. Values of p are presented
for the overall effect of treatment strategy (observational or antibiotic treatment) and for
the interaction term for treatment strategy and time.

EQ5D

Health state

Estimated
mean score
observation
77.2

Estimated mean
score antibiotics
76.4

p
(treatment
strategy)
0.323

p
(interaction)
0.447

SF-36 Physical
Mental

47.2
50.4

46.5
49.9

0.193
0.379

0.541
0.485

GIQLI

Physical
GI symptoms

20.7
62.6

20.7
62.9

0.914
0.564

0.419
0.474

Social

16.6

16.5

0.694

0.828

86

Emotional

16.5

16.5

0.893

0.441

Total score

116.1

116.6

0.603

0.494
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Physical
GI symptoms
Social
Emot-ional
Total score

Mental

Physical

* All values are median with interquartile ranges
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Baseline
3 months 6 months 12 months 24 months Baseline 3 months 6 months 12 months 24 months
n=236 n=215 n=206 n=192 n=187 n=240 n=211 n=205 n=201 n=199
17.0 (8.0)
22.0 (6.0)
22.0 (7.0)
22.0 (7.0)
22.0 (8.0)
18.0 (8.0)
22.0 (8.0)
23.0 (8.5)
22.0 (8.0)
22.0 (8.0)
55.0 (14.0)
64.0 (14.0)
65.5 (13.0)
65.0 (13.0)
67.0 (15.0)
56.0
65.0 (13.0)
66.0 (14.0)
66.0 (15.5)
64.0 (15.0)
(15.0)
12.0 (6.0)
18.0 (5.0)
18.0 (5.0)
19.0 (6.0)
18.0 (5.0)
12.0 (7.0)
18.0 (6.0)
18.0 (6.0)
18.0 (6.0)
18.0 (7.0)
15.0 (5.0)
17.0 (5.0)
18.0 (4.0)
18.0 (4.0)
18.0 (4.0)
15.0 (5.0)
18.0 (4.0)
18.0 (4.0)
18.0 (4.0)
18.0 (4.0)
100.0
119.0
121.5 122.0 124.0 100.5
121.0 123.0 125.0 121.0
(28.0)
(27.0)
(27.0)
(27.5)
(26.0) (30.5) (29.0)
(29.0)
(27.0)
(31.0)

Baseline
3 months 6 months 12 months 24 months Baseline 3 months 6 months 12 months 24 months
n=234 n=213 n=203 n=188 n=182 n=232 n=207 n=202 n=195 n=190
39.1 (13.5)
48.5 (14.3)
47.9 (16.1)
49.4 (16.1)
51.9 (14.9)
41.6
48.1 (14.9)
48.4 (14.1)
48.1 (17.8)
48.8 (17.7)
(12.5)
54.4 (14.6)
53.3 (12.9)
54.1 (13.5)
55.0 (8.7)
53.9 (11.8)
54.8
54.2 (12.3)
54.2 (13.4)
54.6 (10.6)
52.9 (11.6)
(14.2)

Abbreviations: GI symptoms, GastroIntestinal symptoms.

GIQLI

SF-36

EQ5D

OBSERVATION
ANTIBIOTICS
Baseline
3 months 6 months 12 months 24 months Baseline 3 months 6 months 12 months 24 months
n=237 n=213 n=208 n=191 n=186 n=240 n=213 n=209 n=202 n=196
Health state 60.0 (24.5)
80.0 (20.0)
80.0 (20.0)
80.0 (20.0)
80.0 (20.0)
60.0
80.0 (20.0)
80.0 (25.0)
80.0 (22.3)
77.5 (20.0)
(20.0)

Appendix table 2.EQ5D, SF-36 and GIQLI quality of life scores by treatment group at baseline, 3 months, 6 months, 12 months and 24
months following start of treatment.*
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56.0 (14.0)
12.0 (6.8)
15.0 (5.0)
100.0 (28.8)

Physical

GI symptoms

Social

Emotional

Total score

* All values are median with interquartile ranges

Abbreviations: GI symptoms, GastroIntestinal symptoms.

120.0 (28.0)

18.0 (5.0)

18.0 (6.0)

65.0 (14.0)

3 months
(n=426)
22.0 (7.0)

Baseline
(n=476)
18.0 (8.0)

Mental

GIQLI

53.7 (12.5)

54.7 (14.3)

Physical

SF-36

3 months
(n=420)
48.4 (14.4)

Baseline
(n=466)
40.8 (13.0)

Health state

EQ5D

3 months
(n=426)
80.0 (20.0)

Baseline
(n=477)
60.0 (20.0)

122.0 (27.0)

18.0 (4.0)

18.0 (6.0)

66.0 (13.0)

6 months
(n=411)
22.0 (8.0)

54.2 (13.4)

6 months
(n=405)
48.3 (15.7)

6 months
(n=417)
80.0 (20.0)

123.0 (28.0)

18.0 (4.0)

19.0 (6.0)

65.0 (14.0)

12 months
(n=393)
22.0 (7.0)

54.8 (8.9)

12 months
(n=383)
48.9 (16.9)

12 months
(n=393)
80.0 (20.0)

122.0 (29.3)

18.0 (4.0)

18.0 (6.0)

65.0 (14.0)

24 months
(n=386)
22.0 (8.3)

53.4 (11.6)

24 months
(n=372)
50.6 (15.9)

24 months
(n=382)
80.0 (20.0)

Appendix table 3. EQ5D, SF-36 and GIQLI quality of life scores at baseline, 3 months, 6 months, 12 months and 24 months following start of
treatment.*
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Bodily pain

GI symptoms

Abdominal pain

SF-36

GIQLI

GIQLI

3 months
(n=434)
97 (22.4%)
3 months
(n=433)
111 (25.6%)
3 months
(n=432)
108 (25.0%)

Baseline
(n=480)
286 (59.6%)
Baseline
(n=480)
257 (53.5%)
Baseline
(n=479)
382 (79.7%)
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6 months
(n=418)
110 (26.3%)

6 months
(n=419)
98 (23.4%)

6 months
(n=420)
113 (26.9%)

12 months
(n=401)
103 (25.7%)

12 months
(n=401)
96 (23.9%)

12 months
(n=401)
96 (23.9%)

24 months
(n=390)
95 (24.4%)

24 months
(n=390)
94 (24.1%)

24 months
(n=390)
96 (24.6%)

Appendix table 4. Persistent complaints according to the SF-36 ‘bodily pain’ subscale, GIQLI ‘gastrointestinal (GI) symptoms’ subscale and
GIQLI ‘abdominal pain’ question at baseline, 3 months, 6 months, 12 months and 24 months following start of treatment.

Appendix table 5. Univariable and multivariable analyses of risk factors (odds ratio)
associated with persistent complaints (bodily pain) according to the SF-36 questionnaire at
12 or 24 months of follow-up.

Gender
Male
Female
BMI
2
< 30 kg/m
2
> 30 kg/m
Age
< 50 years
≥ 50 years
Smoking
Yes
No
Alcohol ≥ 2 units/day
Yes
No
Pain score at
presentation
VAS < 8
VAS ≥ 8
Mean pain score
during first 10 days of
initial episode
VAS < 3.75
VAS ≥ 3.75
Hinchey
1a
1b
Treatment type
Observational
Antibiotic
Time-to-recovery
< 28 days
≥ 28 days

No. of
patients
at risk for
persistent
complaints

Persistent
complaints
N (%)

Univariable

OR (95% CI)

Multivariable*

OR (95% CI)

184
198

65 (35.3%)
0.79 (0.52 – 1.19)
81 (40.9%)

303
76

116 (38.3%)
28 (36.8%)
0.94 (0.60 – 1.58)

100
282

38 (38.0%)
0.99 (0.62 – 1.58)
108 38.3%)

82
281

33 (40.2%)
1.18 (0.71 – 1.96)
102 (36.3%)

70
202

27 (38.6%)
1.09 (0.62 – 1.90)
74 (36.6%)

249
80

85 (34.1%)
38 (47.5%)
1.75 (1.05 – 2.91)
1.51 (0.86 – 2.67)

237
80

77 (32.5%)
38 (47.5%)
1.88 (1.12 – 3.15)
1.37 (0.77 – 2.42)

358
24

139 (38.8%)
7 (29.2%) 0.65 (0.26 – 1.60)

189
193

63 (33.3%)
0.66 (0.44 – 1.00)
0.65 (0.40 – 1.04)
83 (43.0%)

285
97

96 (33.7%)
50 (51.5%)
2.09 (1.31 – 3.34)
1.71 (0.98 – 3.00)

Abbreviations: BMI, Body Mass Index. VAS, Visual Analogue Score.
* Model c-statistic 0,63
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Appendix table 6. Univariable and multivariable analyses of risk factors (odds ratio)
associated with persistent complaints (GIQLI question 1, abdominal pain ‘every now and
then’, ‘almost continuously’ or ‘continuously’) according to the GIQLI questionnaire at 12 or
24 months of follow-up. Independent risk factors are indicated in bold.
Persistent
complaints
N (%)

Univariable

Multivariable*

OR (95% CI)

OR (95% CI)

207
222

71 (34.3%)0.87 (0.59-1.30)
83 (37.4%)

339
85

123 (36.9%)
27 (31.8%)
0.80 (0.48 – 1.32)

117
312

49 (41.9%)1.42 (0.92-2.20)
105 (33.7%)

95
312

37 (38.9%)
1.16 (0.72 – 1.85)
111 (35.6%)

80
227

23 (28.8%)
0.65 (0.37 – 1.13)
87 (38.3%)

227
92

92 (33.2%)
41 (44.6%)
1.62 (1.00 – 2.62)
1.10 (0.64-1.91)

263
89

75 (28.5%)
47 (52.8%)
2.81 (1.71 – 4.60)
2.18 (1.27-3.74)

401
28

147 (36.7%)
7 (25.0%) 0.58 (0.24 – 1.39)

210
219

75 (35.7%)
0.99 (0.66 – 1.46)
79 (36.1%)

318
111

94 (29.6%)
60 (54.1%)
2.80 (1.80 – 4.37)
2.24 (1.31-3.81)
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Gender
Male
Female
BMI
2
< 30 kg/m
2
> 30 kg/m
Age
< 50 years
≥ 50 years
Smoking
Yes
No
Alcohol ≥ 2 units/day
Yes
No
Pain score at
presentation
VAS < 8
VAS ≥ 8
Mean pain score
during first 10 days of
initial episode
VAS < 3.75
VAS ≥ 3.75
Hinchey
1a
1b
Treatment type
Observational
Antibiotic
Time-to-recovery
< 28 days
≥ 28 days

No. of
patients
at risk for
persistent
complaints

Abbreviations: BMI, Body Mass Index. VAS, Visual Analogue Score.
* Model c-statistic 0,66
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ABSTRACT
Background
Two randomized clinical trials (DIABOLO trial and AVOD trial) demonstrated the safety
of omitting antibiotics in the treatment of uncomplicated acute diverticulitis regarding
time-to-recovery, rates of complicated diverticulitis, recurrent diverticulitis, and
sigmoid resection. The aim of the present study was to assess the cost-effectiveness
of observational versus antibiotic treatment in the DIABOLO trial.
Methods
The multicentre DIABOLO trial randomized computed tomography proven, left-sided
and uncomplicated acute diverticulitis patients to an observational (262 patients)
or antibiotic (266 patients) treatment strategy. Healthcare use, quality of life and
productivity loss were prospectively recorded for each patient individually. A costeffectiveness and cost-utility analysis was performed from a societal perspective with
a time horizon of 6 months. Primary outcome in the cost-effectiveness analysis was
time-to-recovery.
Results
The mean total costs were €373 (95% CI -€1581 to €723) lower in the observational
group compared to the antibiotic group. The probability of observational treatment
being cost-effective was between 0.20 and 0.74, with a willingness-to-pay threshold
of €114 per day of earlier full recovery below which observational and above which
antibiotic treatment would be the most efficient one. Differences in quality adjusted
life years (QALY) were minimal among groups (mean difference -0.0012, 95% CI
-0.0151 to 0.0126). The probability of observational treatment being cost-effective
ranged from 0.43 to 0.60.
Conclusion
Potential savings in societal costs by observational rather than antibiotic treatment of
uncomplicated acute diverticulitis were limited and its cost-effectiveness is uncertain.
The decision whether or not to treat uncomplicated acute diverticulitis with antibiotics
mainly depends on the absence of clinical efficacy and the risk of antibiotic-related
adverse events rather than a substantial cost difference.
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INTRODUCTION
Routine antibiotic treatment of uncomplicated acute diverticulitis has been standard practice
for decades. Recently, two randomized clinical trials showed that omitting antibiotics
in uncomplicated diverticulitis is without repercussions compared to routine antibiotic
treatment up to 1 year of follow-up.1,2The Scandinavian AVOD trial1 found comparable rates
of complicated diverticulitis, recurrent diverticulitis and sigmoid resection at 1 year of followup. The Dutch DIABOLO trial2 demonstrated non-inferiority of observational treatment
regarding time-to-recovery and found no differences regarding rates of complicated
diverticulitis, recurrent diverticulitis and sigmoid resection at 6 months of follow-up.
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The main reasons for omitting antibiotics are preventing adverse effects – including potentially
life threatening allergic reactions – and constraining the rising worldwide antimicrobial
resistance. In addition to these clinical outcomes and potential patient related or healthcare
related risks, cost-effectiveness is a relevant issue while making the decision whether or
not to treat an uncomplicated diverticulitis patient with antibiotics. Since the AVOD trial
did not include a cost-effectiveness analysis, the costs analysis from the DIABOLO trial
provides the only available information on cost-effectiveness of these treatment strategies.
As the incidence of acute diverticulitis is rising in the Western world, and probably will keep
rising because of the increased life expectancy and increasing acute diverticulitis incidence
with age, the burden of acute diverticulitis on healthcare will increase.3-5 Recent numbers
from the USA demonstrate that diverticular disease is the eighth most frequent outpatient
gastrointestinal diagnosis with over 2.7 million visits each year, and acute diverticulitis
5
accounts for over 200,000 admissions yearly with an aggregate cost of 2.2 billion US
dollars.
The aim of the present study was to assess the costs and cost-effectiveness of observational
versus antibiotic treatment of uncomplicated acute diverticulitis using actual resource data
from the Dutch randomized DIABOLO trial.

METHODS
The study protocol, primary and most secondary outcome results from the DIABOLO trial
have been reported before.2,6In brief, the DIABOLO trial was a multicentre, pragmatic, noninferiority, randomized clinical trial, taking place in 22 clinical sites in the Netherlands during
2010 - 2012. A total of 528 patients with computed tomography (CT) proven, first episode,
left-sided and uncomplicated acute diverticulitis were randomized to either an observational
(262 patients) or an antibiotic (266 patients) treatment strategy. The antibiotic regimen
consisted of amoxicillin-clavulanic acid in a 10-day course with i.v. administration for at least
48 hours, after which the route could be switched – if tolerated – to oral administration.
Uncomplicated acute diverticulitis was defined as modified Hinchey stages 1a-b and
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Ambrosetti’s “mild” diverticulitis stage.7,8The primary outcome was time-to-recovery during
6 months of follow-up, in which full recovery was defined by meeting the following criteria:
discharge from hospital, normal diet, temperature less than 38°C, VAS pain score below 4,
and resumption of pre-illness working activities as assessed by a daily patient diary. Among
others, secondary outcomes were days spent outside the hospital in the 6-month period,
occurrence of complicated diverticulitis, ongoing diverticulitis, recurrent diverticulitis and
sigmoid resection.
Cost-effectiveness analysis
Cost-effectiveness analysis was performed from a societal perspective. Closely related to
the primary outcome for the clinical comparison, the costs per day reduction to achieve
full recovery after uncomplicated diverticulitis was considered as the primary outcome for
the cost-effectiveness analysis. Because recurrence of diverticulitis or diverticulitis-related
(re)admissions are quite frequently seen after the initial full recovery within the half-year
follow-up period, it was further decided to take the costs per percentage of time outside the
hospital during the first 6 months as a secondary outcome measure in the cost-effectiveness
analysis. In contrast with the costs per extra day outside the hospital as its alternative,
this secondary outcome measure better accounts for spurious differences between study
arms in follow-up duration due to patient withdrawal for reasons unrelated to the study
medication or protocol. In addition to both cost-effectiveness analyses, a cost-utility analysis
was performed with the costs per quality adjusted life year (QALY) as primary outcome. The
societal perspective included the costs for health care providers, patients and employers.
The economic evaluation had a time horizon of 180 days, so no discounting of costs and
effects was done to account for time preferences. The CHEERS guidelines9 were adhered to
for the reporting of this study.
Assessed cost components
Included health care costs were (a) intravenous and oral antibiotic treatment, (b)
consultations with e.g. the surgeon, internist or gastroenterologist, general practitioner,
physiotherapist, company physician, and alternative healer (c) hospital admission days
including intensive care, (d) diagnostic imaging (e.g., computed tomography, ultrasound,
magnetic resonance imaging, plain X-rays), (e) emergency care, (f) major interventions (e.g.
colonoscopy/endoscopy, sigmoid resection, percutaneous drainage), (g) institutionalized
care other than hospital (nursing home, rehabilitation centre), and (h) formal home care
(assistance with household, personal care, or nursing). Patient costs concerned the nonreimbursable out-of-pocket expenses of over-the-counter medication and informal home
care including private help. Finally, the employer costs of patients’ sick leave from work
(absenteeism) as well as lowered productivity while at work (presenteism) were assessed.
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Data sources
Use of antibiotics, of major diagnostic examinations and therapeutic procedures, and
of hospital admissions were gathered with case report forms. Data on diagnostic and
therapeutic procedures of lesser relevance by frequency and/or economic impact (e.g.,
laboratory testing like leucocyte proliferation, C-reactive protein (CRP) testing, creatinine
count, or blood and urine cultures) were gathered from a hospital management information
system for a convenience sample of patients (all participants from the Academic Medical
Center). These data were used to estimate the mean costs for these procedures per inpatient
day as well as per day not in admission and used as proxy estimates of the mean daily costs
of these procedures per patient during follow-up.
Patient questionnaires at 6 months of follow-up were used to gather data on out-of-hospital
consultations, emergency care, hospital care in a different hospital, institutionalized care
other than the hospital, formal home care, sick leave and out-of-pocket expenses including
informal care.

Chapter 5

Unit costs
Unit costing was done in accordance with the 2010 Dutch manual for costing in healthcare
research.10 Unit costs from this guideline were applied to consultations, admissions including
intensive care, emergency care, institutionalized care (nursing home, rehabilitation), formal
and informal home care, and sick leave. In case of prolonged sick leave, a friction costs
period of 90 days was assumed. In case of home care individual contacts were assumed to
last for one hour. The unit costs of all diagnostic and other therapeutic procedures were
derived from hospital ledger data. The unit costs of sigmoid resections by surgeons may
range considerably, from approximately €2,900 to well over €6,400, depending on technique
(open versus laparoscopic), need for stoma, etcetera. The mode of the unit costs in our
patient group was about €5,500, which was taken as the best estimate. Considering the
overall low number of sigmoid resections in both patient groups and the reasonably balanced
distribution of these interventions across the study arms,2no further sensitivity analyses to
inform health policy makers about the impact of this uncertainty were performed. The unit
costs of per dose of antibiotic treatment were taken from the consumer reimbursement
prices provided by the National Health Insurance Board (www.medicijnkosten.nl, accessed
November 2013) and accounted for dosing and way of administration (intravenous or
oral). Per prescription a reasonable pharmacy dispensing fee was included. Use of other
medication during hospital stay was included in the unit costs per inpatient day. Unit costs,
including types of antibiotics administered, are shown in Supplemental table 1. All unit costs
are expressed for the reference year 2013 after price-indexing with general consumer priceindex figures for the Netherlands, if sources with different base years were used.
Costs
Costs were calculated as the sum of products of the volumes of health care components
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and their respective unit costs. Volumes of resource use and the costs are reported
separately. The volume of antibiotic treatment was reported as the number of medication
days. A switch of antibiotic treatment on a single calendar day generates two medication
days. Outpatient hospital consultations by the treating medical specialist took place for two
reasons: research and patient demand. In principle, research-related consultations should
be ignored, but considering the potentially recurrent on-and-off nature of diverticulitis it
should be noted that such consultations may prevent or postpone consultations on demand
and discriminating between research and good clinical practice becomes an uneasy task.
Instead, a normative procedure was applied in which each patient was attributed a count of
out-patient consultations based on the duration of their follow-up. Patients were assigned
three consultations with the medical specialist, if monitored for 150 days or more, two
consultations if monitored for more than 45 days up to 150 days, and one consultation if
monitored for up to 45 days. These numbers include a consultation at baseline. Duration
of stay at the intensive care unit relative to stay at general wards was gathered from about
80% of the participating patients and this fraction was used to calculate the mean costs per
inpatient day. The volume of productivity loss was calculated as the sum of (a) hours absent
from work and (b) hours lost while at work due to decreased efficiency. In case of absence
from work longer than 90 calendar days in succession, it was assumed that the employer
had the patient replaced as employee.
Patient outcomes
In preparing the cost-utility analysis, the common mode of conduct was followed to assess
the utility of patients’ health states prior to the calculation of quality adjusted life years.
EQ-5D-3L data were gathered at baseline, 3 months and 6 months after randomisation.
Previous research determined the utility of each observed health score profile on the EQ5D-3L by applying a regression function, based on the time trade-off elicitation technique
of health state preferences during interviews with adults from the general population.
References from the Dutch11 as well as frequently reported preferences from the UK12
general population were used. With the determined health utilities for various observed
health states over time the number of quality adjusted life years (QALY) were calculated
by interpolation between the successive utility scores and maximized at 0.5 as the
maximum attainable number of QALYs during any half year. Missing data were imputed with
information at the level of the individual patient. First, missing in-between measurements
(e.g. month 3) were imputed by linear interpolation from available border measurements
(e.g. baseline, month 6). If only a baseline assessment and an assessment at one-year
during prolonged clinical follow-up6 were available, then month 3 and month 6 were both
imputed, again based on linear interpolation. In case of available in-between measurements
without border measurements, the first observation carried backward and last observation
carried forward methods were applied successively to maximize data availability. A patient
should have had at least one measurement available during the first half year to have his
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Statistical analyses
The health economic analyses were performed intention-to-treat. Costs and health outcomes
of patients who crossed over were attributed according to randomisation status. Cost data
on out-of-hospital care, out-of-pocket expenses, and productivity losses were missing for
approximately 20% of patients who did not complete a questionnaire at 6 months post
randomisation. For the purpose of further aggregation of all costs data, these missing data
were replaced with the mean values for the group that the patient was assigned to during
randomisation.
Differences between study groups in mean times to recovery, restricted because of the time
horizon of 180 days, were assessed with the log rank test. Differences in mean percentages
of time spent outside the hospital during the follow-up period were assessed with the
Mann-Whitney U-test. Differences in QALYs were assessed with the Student’s T-test.
The cost-effectiveness and cost-utility analyses were performed by reporting the differences
in costs and in health outcomes between treatments with and without antibiotics. Bias
corrected and accelerated 95% confidence intervals (95% Cl) were derived following
bootstrapping, drawing 1,000 samples of the same size as the original samples and with
replacement. The bootstrap results are reported with quadrants of the differences in costs
against the differences in effectiveness. Cost-effectiveness acceptability curves were drawn
showing the probability of no antibiotic treatment being more efficient than antibiotic
treatment for different levels of willingness to pay for a day of earlier recovery from
diverticulitis, for a percentage increase of time spent outside the hospital, and for an extra
QALY. A sensitivity analysis was performed for the use of valuations from the UK general
population for various health states against the Dutch general population preferences as
the reference situation.
A preliminary scenario-analysis was performed to hypothesize about the impact of outpatient
rather than inpatient administration of antibiotics on the hospital costs. Intravenous
suppletion of antibiotics for a minimum of 48 hours required at least two hospital inpatient
days. If oral antibiotic treatment would have been a reasonable alternative, then some
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missing data imputed; in absence of any such measurement, patients were excluded from
the cost-utility analysis. Patients who died during the first half year received a health utility
score of 0 on subsequent measurements in both the Dutch and UK approaches. Initially,
the percentages of missing measurements at baseline, month 3 and month 6 were 9.4%,
18% and 19.9%, respectively, among patients treated with antibiotics; after imputation,
complete records were available for 96.6% patients. In the group of patients randomized to
no antibiotic treatment initially 8.8%, 16.8%, 19.8% of scores were missing, whereas after
the imputation procedure complete records were available for 94.7% patients.

patients could perhaps have been treated on an outpatient basis, thereby foregoing the costs
of at least two inpatient days (and related minor diagnostic and therapeutic procedures).

RESULTS

Use of resources and their associated costs
A total of 266 patients was randomized to antibiotic treatment, 262 to observational
treatment. Table 1 shows the mean use of in-patient and out-patient hospital resources,
the mean use of out-of-hospital care and the mean productivity losses associated with both
diverticulitis treatment strategies. At face value, no marked differences were noted except
for the use of antibiotics. The associated costs as well as patients’ out-of-pocket expenses
are shown in table 2. Obviously, the difference in mean costs of antibiotic medication was
€46 in favour of the observational group (95% Cl: minus €53 to minus €39; P=0.001). Among
cost components above €500 per patient, some were in favour of the observational group
without reaching significance, inpatient stay: minus €217 (95% Cl: minus €859 to €452;
P=0.52); minor procedures: minus €11 (95% Cl: minus €26 to €3; P=0.18); and productivity
losses: minus €393 (95% Cl: minus €1,028 to €215; P=0.31). The costs of major procedur
were slightly increased €107 (95% Cl: minus €77 to €303; P=0.26), although not significantly.
No return on antibiotic investment was observed with an insignificant savings in total health
care costs of only €47 (95% Cl: minus €837 to €1,010; P=0.92), and a counterproductiv
margin when looking at the combined expenses for health care and non-health care
resources: minus €373 (95% Cl: minus €1,581 to €723; P=0.57) in favour of the observation
group.
Thirteen per cent of the patients in the observational group could be treated on an
outpatient basis. Hence, if outpatient antibiotics would to a reasonable alternative to
inpatient antibiotics, then the health care costs difference might shift approximately €127
further in favour of antibiotic treatment, which would still result in insignificant savings in
total health care costs and in a counterproductive margin in overall costs.
Health outcomes
The restricted mean estimate for time to recovery was 35.6 days (95% CI 29.3-41.9 days) in
the observational group versus 31.8 days (95% CI 26.1-37.5 days) in the antibiotic treatment
group. The difference of 3.8 days in these mean times-to-recovery in favour of the antibiotic
group was non-significant (P=0.29). The median hospital stay was significantly shorter in the
observational group (2 days (IQR 1-3)) compared to the antibiotic group (3 days (IQR 2-3));
P=0.006). The difference of 0.6% of time spent outside the hospital during the first half
year (98.9% in the observational group versus 98.3% in the antibiotic group) was statistically
significant based on the Mann-Whitney U-test (P=0.006), but small and clinically doubtful.
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Table 1. Mean use of in-patient and out-patient hospital resources, the mean use of out-ofhospital care and the mean productivity losses associated with both treatment strategies.
Observation
n=262
Mean volume (BCa 95% CI)

Antibiotics
n=266
Mean volume (BCa 95% CI)

Hospital care
0.6 (0.2-1.0)

10.3 (9.9-10.6)

Out-patient consultations*
Inpatient days
% IC-days

2.91 (2.86-2.95)
3.9 (3.2-4.6)
5.03

2.95 (2.92-2.98)
4.2 (3.6-5.0)
5.58

Emergency care#

0.27 (0.15-0.42)

0.21 (0.15-0.29)

Major procedures (all)
Ultrasound
(incl. percutaneous drainage)

3.4 (3.2-3.6)
0.74 (0.66-0.83)

3.2 (3.0-3.4)
0.73 (066-0.80)

Computed tomography

1.16 (1.10-1.22)

1.09 (1.04-1.14)

0.27
0.20-0.34)
(

0.21 (0.15-0.27)

0.26 (0.21-0.31)

0.24 (0.18-0.30)

Radiography thorax
Radiography abdomen

0.01 (0.0-0.02)

0.01 (0.0-0.02)

Magnetic resonance imaging

Colonography

0.02 (0.01-0.03)

0.03 (0.01-0.04)

Colonoscopy

0.85 (0.79-0.91)

0.85 (0.80-0.89)

Surgery (o.o. sigmoid resection)

0.04 (0.02-0.06)

0.02 (0.01-0.04)

Out-of-hospital care#
Consultations (all)
General practitioner
Physiotherapist
Company physician
Alternative healer
Institutional care (all)
Nursing home
Rehabilitation
Home care (all)
Household
Personal care
Home nursing

1.22 (0.82-1.65)
0.48 (0.35-0.61)
0.55 (0.21-0.96)
0.08 (0.02-0.14)
0.13 (0.04-0.24)
1 (0-2)
1 (0-1)
0.05 (0-0.1)
0.24 (0.13-0.37)
0.15 (0.08-0.23)
0.06 (0.02-0.13)
0.03 (0-0.06)

1.07 (0.73-1.51)
0.40 (0.28-0.53)
0.44 (0.17-0.76)
0.12 (0.07-0.18)
0.12 (0.03-0.23)
0 (0-0)
0 (0-0)
0 (0-0)
0.24 (0.11-0.38)
0.16 (0.07-0.28)
0.02 (0-0.03)
0.06 (0-0.12)

Productivity loss# (hours)

51.5 (32.3-74.6)

63.6 (45.4-83.5)

Chapter 5

Antibiotic medication days

*Normative figures according to protocol, see methods section economic evaluation.

#Data available for (x, y) patients in the observational, respectively antibiotic group: emergency care (209, 210);
general practitioner (205, 207); physiotherapist (206, 207); company doctor (207, 208); alternative healer (207
206); nursing home (209, 209); rehabilitation (209, 209); household (206, 208); personal care (206, 208
nursing (204, 209); productivity loss (210, 209).
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Table 2.Mean costs of in-patient and out-patient hospital resources, the mean costs of outof-hospital care and the mean costs of productivity losses associated with both treatment
strategies.
Observation
n=262
Hospital care (total)
Antibiotic medication
Outpatient consultations
Inpatient days**
Emergency care
Major procedures (total)
Ultrasound
(incl percutaneous drainage)
Computed tomography
Radiography thorax
Radiography abdomen
Colonography
Magnetic resonance imaging
Colonoscopy
Surgery (o.o. sigmoid resection)
Minor procedures
Out-of-hospital care# (total)
Consultations (total)
General practitioner
Physiotherapist
Company physician
Alternative healer
Institutional care (total)
Nursing home
Rehabilitation
Home care (total)
Household
Personal care
Home nursing
Out-of-pocket expenses^
Productivity loss*

Antibiotics
n=266

Mean costs in € (BCa 95% CI) Mean costs in € (BCa 95% CI)
4,543 (3,964-5,179)
4,704 (4,211-5,324)
6 (2-11)
52 (48-57)
228 (224-231)
231 (229-233)
2,605 (2,162-3,081)2,822 (2,409-3,367)
45 (25-68)
35 (23-50)
1,153 (1,015-1,302)1,046 (941-1,183)
109 (96-122)
107 (96-119)
214 (204-225)
201 (192-210)
17 (13-23)
13 (9-18)
17 (13-21)
16 (11-20)
4 (1-7)
3 (1-6)
10 (3-17)
11 (5-20)
571 (530-612)
570 (535-606)
210 (126-315)
124 (62-207)
507 (493-519)
517 (506-527)
259 (92-548)
51 (38-65
)
47 (31-65)
42 (27-62)
15 (11-19)
12 (8-16)
22 (8-38)
17 (7-30)
3 (1-6)
5 (3-8)
8 (2-15)
8 (2-15)
203 (0-407)
0 (0-0)
186 (0-371)
0 (0-0)
18 (0-35)
0 (0-0)
9 (5-14)
9 (3-17)
4 (2-6)
4 (2-7)
3 (1-6)
1 (0-1)
2 (0-4)
4 (0-9)
36 (20-57)
64 (27-111)
1,683 (1,055-2,435)
2,075 (1,481-2,728)

Total costs
Costs health care
Costs all components

4,802 (4,124-5,600)
4,755 (4,279-5,344)
6,519 (5,566-7,503)
6,892 (6,116-7,781)

**The mean costs of inpatient days account for (i) the percentage time spent on the intensive care unit and (ii)
the mean costs per day of minor diagnostic and therapeuti procedures. Inpatient days were administered on case
report forms for all patients; the percentage of time spent on the intensive care unit was calculated from admission
reports by 207 patients in the observational group and 210 patients in the antibiotic group.
#See previous table on volumes.
^ Data available for 193 patients in the observational group and 202 patients in the antibiotic group
* See previous table on volumes.
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Based on the generic Dutch general population preferences, patients in the observational
group generated on average 0.4142 QALYs (95% Cl: 0.4046 to 0.4242) against 0.4
QALYs (95% Cl: 0.4054 to 0.4250) in the antibiotic group. The difference equalled minus
0.0012 QALYs (95% Cl: minus 0.0151 to 0.0126; P=0.86). Based on the generic UK ge
population preferences the figures were 0.3972 (95% Cl: 0.3862 to 0.4086), 0.3992
Cl: 0.3876 to 0.4105), and minus 0.002 QALYs (95% Cl: minus 0.0181 to 0.014
for the observational group, the antibiotic group, and their difference respectively. These
findings indicate that treatment of uncomplicated acute diverticulitis without antibiotics did
not affect the number of quality adjusted life years negatively in comparison with antibiotic
treatment.

Figure 1. Costs effectiveness plane for the difference in total costs and difference in timeto-recovery in days. On the vertical axis the differences between the observational group
and the antibiotic group (observation minus antibiotics) in mean costs of all health care
resources, out-of-pocket expenses and productivity losses combined; on the horizontal axis
the differences between the antibiotic group and the observational group (antibiotics minus
observation) in mean days to full recovery. Each dot in the figure represents the result of
a single bootstrap out of 1,000 bootstrap in total. The lower right quadrant of the figure
contains the bootstrap results where, on average, patients in the observational group
needed less days to fully recover and where the mean costs in the observational group were
lower. In the upper left quadrant the opposite holds, with longer duration until full recovery
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Probability of observation treatment
being cost-effective

in the observational group at a higher cost level. In the lower left quadrant, observational
patients needed more days to full recovery but at lower costs.
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0
Willingness to pay (in Euros) per day earlier of being fully recovered

Figure 2. Cost-effectiveness acceptability curve showing the probability of observational
treatment being cost-effective (on the Y-axis) for different values society may be willing to
pay (on the X-axis) per day earlier of being fully recovered.
Incremental cost-effectiveness and cost-utility analyses
Figure 1 shows the cost-effectiveness plane for differences in costs by differences in time to
recovery in days. Of all 1,000 bootstrapping results, 20.2% were in the lower right quadrant
in favour of observational treatment (fewer days of full recovery and lower costs in the
observational group), whereas 25.5% were in the upper left quadrant in favour of antibiotic
treatment (more days to full recovery and higher costs in the observational group). It means
that the probability of observational treatment being efficient when compared to antibiotic
treatment is at least 0.202 and 0.745 at maximum, depending on how the remaining
bootstrapping results are distributed over the upper right (fewer days to full recovery
and higher costs in the observational group) and lower left (more days to full recovery
and lower costs in the observational group) quadrants. The actual probability depends on
society’s willingness to pay per day of earlier full recovery. This is demonstrated in figure 2,
showing the acceptability curve of observational treatment as being the most cost-effective
approach when compared with treatment of diverticulitis with antibiotics. If society is not
willing to pay for earlier recovery, then observational treatment is the most sensible thing to
do, because the probability of being efficient equalled almost 0.73. This probability rapidly
declines and as of a willingness-to-pay of €114 or higher treatment with antibiotics becomes
the preferred approach from a health economic perspective. Similar results were obtained
for the proportion of time spent outside the hospital during the first six months following
initial presentation. (Supplemental figures 1 and 2) Figures 3 and 4 show a more general
perspective on health outcome in terms of quality adjusted life years. When looking at
the quadrant, it could be conceived that a decision between observational treatment or
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treatment with antibiotics becomes more arbitrary. The bootstrap results were quite evenly
scattered over the four quadrants, resulting in a ceiling probability level for observational
treatment of being cost-effective of 0.60 and a minimum probability of 0.43. (Figure 3) The
threshold value in the Netherlands below which observational treatment is the preferred
approach and above which the choice for treatment with antibiotics should be made,
equalled €124,750. (Figure 4) In an alternative, more international scenario where a health
status valuation algorithm derived from preferences by the general population in the United
Kingdom was applied, a threshold value of €87,500, or about £69,714 was found. How to
interpret these point estimates is discussed below.

Figure 3. Costs effectiveness plane for the difference in total costs and difference in quality
adjusted life years. On the vertical axis the differences between the observational group
and the antibiotic group (observation minus antibiotics) in mean costs of all health care
resources, out-of-pocket expenses and productivity losses combined; on the horizontal
axis the differences (again, observation minus antibiotics) by number of quality adjusted
life years. Each dot in the figure represents the result of a single bootstrap out of 1,000
bootstrap in total. The lower right quadrant of the figure contains the bootstrap results
where, on average, patients in the observational group gained quality adjusted life years
against lower costs. In the upper left quadrant the opposite holds, with quality adjusted life
years lost in the observational group at a higher cost level.
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Probability of observation treatment
being cost-effective

0,8
0,7
0,6
0,5
0,4
0,3
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0,1
0
Willingness to pay (in Euros) per day earlier of being fully recovered

Figure 4. Cost-effectiveness acceptability curve showing the probability of observational
treatment being cost-effective (on the Y-axis) for different values society may be willing to
pay (on the X-axis) per quality adjusted life year.

DISCUSSION
The economic evaluation of observational treatment versus antibiotic treatment of patients
with left-sided uncomplicated acute diverticulitis, reveals that both treatments demonstrate
a similar impact on costs of health care for providers, out-of-pocket expenses by patients,
and production losses for employers, except for the obvious contrast in use of antibiotics
itself. Similar observations were made for the time until full recovery and for the number of
quality adjusted life years associated with receiving either treatment modality.
Some studies have assessed the costs of treatment of acute diverticulitis on patient-level,
but no comparison between antibiotic and non-antibiotic treatment has been made.13,14
The
1
only other RCT on this topic, the Scandinavian AVOD trial , did not include a cost-effectiveness
or cost-utility analysis. The clinical outcomes of the AVOD trial were comparable to the
results from the DIABOLO trial. Both studies found no differences in rates of complicated
diverticulitis, recurrent diverticulitis and sigmoid resection. The DIABOLO trial also assessed
the time it took patients to recover from their initial episode of acute diverticulitis which
was comparable among groups. These comparable clinical outcomes and the fact that most
costs during the initial six months appeared to be due to hospital care and productivity loss,
may explain the small differences in total costs among groups.
Although observational treatment may be associated with some benefit regarding extra
time spent outside the hospital, the gain is marginal from a clinical view. The ‘close finish’ of
observational and antibiotic treatment is reflected in the incremental cost-utility analysis.
The probabilities for observational and antibiotic treatments of being cost-effective when
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Since patients in the antibiotic group received intravenous antibiotics during at least two
days by protocol, these patients could not be treated as outpatients whereas patients in
the observational group could. In a situation where antibiotics do not have a clinical effect
or oral antibiotics would be as effective as intravenous antibiotics, a group of antibiotic
patients, similar to the outpatient treated patients in the observational group, could have
been treated as outpatients.1,2,15
The preliminary scenario analyses suggested that the effect
of outpatient treatment in the antibiotic group on total costs would have be limited and
that the total costs in the observational group would still have been slightly lower than total
costs in the antibiotic group. Therefore, the overall conclusions seem generalizable to a daily
practice in which all patients are considered candidates for outpatient treatment.
A strength of this cost-effectiveness study is that information on most cost components
were gathered for each individual patient. Only costs of components of lesser relevance
by frequency and/or economic impact (such as laboratory testing or urine cultures) were
estimated based on the costs of patients in one of the participating hospitals. Furthermore,
EQ5D were gathered during the first six months after randomization and therefore, besides
the cost-effectiveness analysis, a cost-utility analysis could be performed. A limitation of the
study may have been that not all patients completed the EQ5D questionnaire and some data
(maximum 20% at six months) were missing. However, after imputation 96% of data was
available, yielding a robust data set for analysis..
The primary hypothesis of the DIABOLO trial was that observational treatment would be
non-inferior to routine antibiotic treatment. Following the proven non-inferiority of the
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compared to each other are also quite alike and range between 0.4 and 0.6, depending on
society’s willingness to pay. But when differences in quality adjusted life years tend to zero,
the extra costs per QALY gained may easily explode into (positive or negative, depending
of the sign of the difference) infinity. This is shown by the high threshold value for the
acceptance of antibiotic treatment over observational treatment, €124,750. It actually
means that the decision for one or the other treatment modality becomes quite arbitrary
and that minimizing costs as much as possible to save money for health care improvements
elsewhere seems highly advisable. It may also shed light on how to interpret the threshold
values derived for the willingness to pay per day of earlier recovery (€114) and per extra
percentage of time spent outside the hospital (€475) in order for antibiotic treatment to
become the preferred choice. If decision making becomes arbitrary with considerable
uncertainty whether the chosen treatment will benefit the patient more than the discarded
treatment, then there is room for personal preferences under shared decision making.
But at the same time it poses the question to what extent patients should be allowed to
receive the treatment of their own first choice in absence of own contributions or other
compensation for health care providers who operate in a cost minimizing era.

primary outcome time-to-recovery and the comparable secondary clinical outcomes, the
current cost-effectiveness and cost-utility analysis showed minimal differences between
observational and routine antibiotic treatment and therefore support this non-inferiority
of omitting antibiotics for uncomplicated acute diverticulitis. Although costs savings of nonantibiotic treatment may have been expected to be larger, the decision whether or not to
treat uncomplicated diverticulitis with antibiotics is based on the combination of potential
advantages and disadvantages of antibiotics. Especially the antimicrobial resistance caused
by excessive antibiotic use is an important reason to omit antibiotics when clinical effects are
absent. Potential costs of this rising problem of antimicrobial resistance were not included
in the present cost-effectiveness analysis. These costs may cause an increasing burden on
healthcare costs in the future but were not subject of this study. This cost-effectiveness
study did not support use of antibiotics in uncomplicated diverticulitis from an effectiveness
nor economic perspective.
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SUPPLEMENTARY MATERIAL
Supplemental table 1. Dutch unit costs (in Euros) for resources used.
Resource

Unit

Intravenous antibiotic treatment
Amoxicillin
Amoxicillin-clavulanate
Cefotaxim
Ceftriaxon
Cefuroxim
Ciprofloxacin
Cotrimoxazole
Erythromycin
Flagyl
Gentamycin
Metronidazole
Oral antibiotic treatment
Amoxicillin-clavulanate
Ciprofloxacin
Cotrimoxazole
Metronidazole
Nitrofurantoin
Norfloxacin
Consultations
general practitioner
physiotherapist
company physician
alternative healer
medical specialist
Emergency care department
Admission

General ward
Intensive care
Diagnostic & therapeutic procedures
Ultrasound abdomen
Computed tomography abdomen
Plain radiography thorax/abdomen
Colonography
Magnetic resonance imaging
Colonoscopy/endoscopy
Sigmoid resection
Other diagnostics & therapeutics*
Other diagnostics & therapeutics**
Institution care
Home care
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Unit costs Source
in 2013
euros#

1000 mg
1.37 www.medicijnkosten.nl 2013
1000/200 mg 3.29
www.medicijnkosten.nl 2013
1000 mg
5.68 www.medicijnkosten.nl 2013
2000 mg
19.06 www.medicijnkosten.nl 2013
750 mg
2.57
www.medicijnkosten.nl 2013
400 mg
19.75 www.medicijnkosten.nl 2013
960 mg
2.53
www.medicijnkosten.nl 2013
200 mg
2.91
www.medicijnkosten.nl 2013
500mg
3.59 www.medicijnkosten.nl 2013
240 mg
5.77 www.medicijnkosten.nl 2013
500 mg
3.59 www.medicijnkosten.nl 2013
500/125 mg
500 mg
960 mg
500 mg
50 mg
400 mg
visit
visit
visit
visit
visit
Visit
day
day
procedure
procedure
procedure
procedure
procedure
procedure
procedure
inpatient day
non-admitted
day

Rehabilitation center day
Nursing home day
help hour
care hour
nursing hour

0.10 www.medicijnkosten.nl 2013
0.12
www.medicijnkosten.nl 2013
0.15 www.medicijnkosten.nl 2013
0.19 www.medicijnkosten.nl 2013
0.08 www.medicijnkosten.nl 2013
0.25
www.medicijnkosten.nl 2013
30.45 DCM-2010
39.15 DCM-2010
41.32
DCM-2010 / expert opinion^
64.23
Tariff NAAV 2000
78.29
DCM-2010
164.19 DCM-2010
496.92
DCM-2010
2373.70
DCM-2010
146.19 Hospital ledger 2013
184.68 Hospital ledger 2013
64.97 Hospital ledger 2013
377.92
Hospital ledger 2013
436.14 Hospital ledger 2013
671.28
Hospital ledger 2013
5,500
Hospital ledger 2013
75.71 Hospital information system 2013
3.03 Hospital information system 2013
369.70 DCM-2010
258.79
DCM-2010
26.10
DCM-2010
47.84 DCM-2010
70.68 DCM-2010
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Out-of-pocket expenses
Over-the-counter medication
Aids
Informal care
Productivity loss

halfyearly costs
halfyearly costs
hour
Hour

Reported Patient
Reported Patient
13.60 DCM-2010
32.64
DCM-2010

DCM: Dutch Costing Manual for health care research.
# After price-indexing based on yearly general consumer price indices for the Netherlands.
* Based on 649 minor diagnostic and therapeutic procedures done during 46 inpatient hospital days for 17 patients,
costing €3,482.33,
€75.71
or
per inpatient hospital day.
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** Based on 622 minor diagnostic and therapeutic procedures done during 2,952 days 17 patients were not
admitted to the hospital, costing €8,926.79
, or €3.03 per day a patient was not admitted to the hospital.
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Supplemental figure 1. Costs effectiveness plane for the difference in total costs and
difference in the proportion of time outside the hospital. On the vertical axis the differences
between the observational group and the antibiotic group (observation minus antibiotics)
in mean costs of all health care resources, out-of-pocket expenses and productivity losses
combined; on the horizontal axis the differences in proportion of time spent outside the
hospital (again, observation minus antibiotics). Each dot in the figure represents the result
of a single bootstrap out of 1,000 bootstrap in total. The lower right quadrant of the figure
contains the bootstrap results where, on average, patients in the observational group spend
more time outside the hospital against lower costs. In the upper left quadrant the opposite
holds, with less time outside the hospital in the observational group at a higher cost level.

112

COSTS OF OMITTING ANTIBIOTICS IN UNCOMPLICATED DIVERTICULITIS.

Probability of observatiion treatment
being cost-effective

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0
Willingness to pay (in Euros) per extra per cent time outside the hospital

The figure shows that the willingness to pay per extra percentage of time spent outside the hospital equalled €475
below which observational treatment and above which antibiotic treatment may become the preferred choice.
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Supplemental figure 2. Cost-effectiveness acceptability curve showing the probability of
observational treatment being cost-effective (Y-axis) for different values society may be
willing to pay (on the X-axis) per extra per cent of time spent outside the hospital.

CHAPTER 6
The effect of antibiotics on the gut
microbiota of diverticulitis patients
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ABSTRACT
Background
Diverticulitis is a common, but not fully understood, colonic disease. Although evidence
suggests that antibiotic treatment is not beneficial in uncomplicated diverticulitis, it
is still advised in most guidelines, despite the effects of antibiotics on the intestinal
microbiota.
Aims
The aim of this study was to examine the effect of amoxicillin-clavulanic acid on the
microbiota of patients undergoing a first episode of acute, uncomplicated diverticulitis.
Methods
Over a period of 60 days, the intestinal microbiota of antibiotics-treated patients
was compared to that of untreated patients. Longitudinal microbial composition,
diversity and stability, and associations between stability and clinical symptoms, were
calculated.
Results
The intestinal microbiota of 15 antibiotics-treated patients was compared to 18
untreated patients. By the end of the treatment, the microbiota of patients receiving
antibiotics was highly perturbed. The longitudinal stability was significantly lower in
the antibiotic group during the treatment period compared to observational patients.
Towards the end of the 60-day period, the microbiota of patients in the antibiotic
group showed recovery. The abundance of 10 bacterial species was significantly
associated with antibiotic treatment.
Conclusions
This study suggests that antibiotics for uncomplicated left-sided acute diverticulitis
introduce a transient, but significant, perturbation in the gut microbiota. Antibiotic
administration should therefore be considered carefully and reserved for complicated
diverticulitis.
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INTRODUCTION
Diverticular disease (DD) is a common colonic alteration, which comprises diverticulosis,
characterized by the presence of pockets called ‘diverticula’, and diverticulitis, an acute
inflammation of diverticula. Diverticulitis occurs in approximately four per cent of DD
patients.1-3 The prevalence of DD is increasing, and is expected to rise even more as its
incidence increases with age.2,4Colonic diverticula are suggested to form as a result of
interactions among diet, colonic microbiota, genetic factors, colonic motility, and microscopic
inflammation and structure, but the underlying mechanisms remain unclear.1,2,4

The risk for adverse effects and allergic reactions, together with the escalating antibiotic
resistance, a direct consequence of antibiotic overuse13, require a responsible and
appropriate antibiotics management. Furthermore, recent studies have also revealed that
antibiotics play a role in reshaping the ecology of the human microbiota14,15
, known to be
important for maintaining health.
Evidence for the compositional and functional consequences of antibiotics-induced
microbiota perturbations is accumulating. A distinct decrease in diversity, as well as in
representation of specific taxa, insurgence of antibiotic-resistant strains, and upregulation
of antibiotic resistance genes has been reported.14-19 Increased susceptibility to infection,
mediated by effects of antibiotics on the gut metabolome was also described.14 Moreover,
host gene expression was shown to be altered by antibiotics, also through their effects on
the gut microbiota.20,21
The extent and duration of these perturbations depend on host
parameters such as physiology and age, treatment parameters such as the type of antibiotics
and the number of doses, and the specific microbiota composition and resilience.22, 23
Previous studies have already portrayed an altered microbiota composition in diverticulitis
patients compared to control subjects from a general gastroenterological practice, holding
a potential diagnostic value for the disease.17,24
More specifically, diverticulitis patients
presented a depleted microbial community with anti-inflammatory properties, particularly
mucus-degrading species, and their microbiota composition was correlated with mucosal
immune response.17 It was also suggested that dietary induced changes in microbiota, that
are likely to alter bowel habits, may underlie the subsequent development of diverticulitis.25
Diverticulitis patients may therefore be predisposed to failing resilience and an associated
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In uncomplicated diverticulitis the efficacy of antibiotics has been a topic of debate.5,6Recent
studies have shown that omitting antibiotics in the treatment of uncomplicated diverticulitis
is safe and feasible, and without repercussions on disease duration and complications.7-10
Consequently, the American Gastroenterological Association (AGA) suggests selective,
rather than routine, use of antibiotics in patients with acute uncomplicated diverticulitis.11,12

decrease in functional redundancy of the microbial community. In this study that was a part
of a large Randomized Clinical Trial (RCT), comparing antibiotic with non-antibiotic treatment
of uncomplicated diverticulitis8, the effect of amoxicillin-clavulanic acid on the microbiota of
patients with a first episode of acute, uncomplicated diverticulitis was examined.

MATERIALS AND METHODS
Study design
This study was ancillary to the DIABOLO trial, which was a multicentre randomized clinical
trial, comparing observational and antibiotic treatment for uncomplicated left-sided colonic
diverticulitis.8 The present prospective cohort study was conducted in 3 out of the 22
hospitals participating in the DIABOLO trial: Academic Medical Centre Amsterdam, Meander
Medical Centre Amersfoort, and Kennemer Gasthuis Hospital Haarlem. These centres were
selected based on practical and logistical grounds related to the collection of rectal swabs.
This study was approved by the Medical Ethics Review Board of the Academic Medical
Centre in Amsterdam and was performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later amendments.
Subjects and samples
Consecutive trial patients from the three selected hospitals were included. All patients
were 18 years or older with a computed tomography (CT) proven episode of uncomplicated
(modified Hinchey stage 1a or 1b) diverticulitis. Patients were included between August
2011 and September 2012 and were randomly assigned to an observational or antibiotic
treatment strategy.8 In the treatment group, amoxicillin-clavulanic acid was given for 10
days. For patients in the observational treatment group, clinical deterioration, proven
subsequent complicated diverticulitis or another infectious focus dictated start of antibiotic
treatment. Further information about the study design was previously described by Daniels
et. al.8
Gut microbiota sampling by means of rectal swabs (FLOQSwabs, 552C, Copan, Murrieta,
CA, USA) was performed at four fixed time points (Fig. 1); baseline sample at the moment
of diverticulitis diagnosis (baseline; prior to starting antibiotics when allocated to this
treatment), after 2 days (t1; in the antibiotic group this was 48 hours after the start of
antibiotics), after 10 days (t2; in the antibiotic group this was after completing the 10-day
antibiotic treatment), and after 60 days (t3). Rectal swabs were inserted into the anal canal,
beyond the anal verge (±3 cm). Subsequently, the tips of the swabs were gathered in sterile
containers with 1 ml of reduced transport fluid (RTF) medium and stored at -20 °C within 2
hours of collection.
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Microbiota profiling by IS-pro
DNA was extracted with the easyMag extraction kit according to the manufacturer’s
instructions (Biomerieux, Marcy l’Etoile, France) as described previously.24All DNA isolates
were stored at 4°C. Samples were then analysed with the IS-pro assay (IS-Diagnostics,
Amsterdam, the Netherlands) according to the protocol provided by the manufacturer,
and as was previously described.24In short, IS-pro differentiates bacterial species by the
length of the 16S–23S rDNA IS region with taxonomic specific primer sets for the phyla:
(1) Bacteroidetes, (2) Firmicutes, Actinobacteria, Fusobacteria, and Verrucomicrobia (FAFV),
and (3) Proteobacteria. DNA fragment analysis was performed on an ABI Prism 3130xl
Genetic Analyzer (Applied Biosystems).
Pre-processing
Pre-processing was carried out with the IS-Pro proprietary software suite (IS-Diagnostics
Ltd.) and resulted in microbial profiles, presented as peak profiles. Each peak is characterized
by a colour that corresponds to the primer complementary to the amplified fragment, and
therefore corresponds to the phylum (or phylum group) from which it derives. The length of
the IS fragment, measured in nucleotides, discriminates bacteria at the species level, and the
peak intensity represents the amount of the PCR product, measured in relative fluorescence
units (RFU). Each peak was considered as an operational taxonomic unit (OTU) and its
intensity as its abundance. Intensity values were log 2 transformed. Subsequently, OTUs and
their corresponding abundance were taken as features for modelling. Downstream analyses
were performed using publicly available packages in the statistical software R version 3.2.1.
Data analysis
Diversity analysis
Within-sample diversity was calculated using the Shannon diversity index for each
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Figure 1. Timeline of the study design.

treatment subgroup at each time point. Between-sample diversity was calculated based on
cosine distances, and the dissimilarity matrix was then used for the calculation of principal
coordinate analysis (PCoA).
Longitudinal microbiota analysis
Longitudinal stability of the microbiota was calculated as within-patient cosine distances
between different time points. A higher cosine distance between two different samples of
the same patient reflects a less stable microbial composition. Abdominal pain was defined
as having abdominal pain ‘part of the time’, ‘most of the time’ or ‘all the time’ according to
the GastroIntestinal Quality of Life Index (GIQLI)26questionnaire at 3, 6, 12 of 24 months of
follow-up.
A two-part zero-inflated Beta regression model with random effects (ZIBR)27was used to
test associations between microbial abundance and antibiotics intake. Our goal was to
detect species that presented different abundances over time between the two treatment
groups, adjusting for time effect and the abundance at baseline. This model, which was
specifically developed to detect associations between microbial species and environmental
factors based on longitudinal microbiome data, includes a logistic regression component to
model presence/absence of microbial species and a Beta regression component to model
non-zero abundance. Each component includes a random effect to account for intra-subject
correlations between different time points. Only species with prevalence > 15% and top 10%
relative abundance > 0.1% were considered. The model was fitted with baseline abundance,
time and treatment as covariates. All p-values were adjusted according to false discovery
rate.

RESULTS
Patient characteristics
In total, 35 patients diagnosed with a first episode of uncomplicated acute diverticulitis and
randomized in the DIABOLO trial were included in this study. Two patients were excluded
from the analysis due to technical reasons or missing both baseline and t1 samples. Among
the remaining 33 patients, 15 patients had been randomized in the study arm with antibiotics
(antibiotic group) and 18 patients in the study arm without antibiotics (observational group).
Age distribution and other patient characteristics were comparable between the groups
(Table 1).
Effect of antibiotics on microbiota composition and diversity
Longitudinal fluctuations in diversity were detected in the antibiotic group (Fig. 2). Initially,
a significant decrease in diversity was observed during the treatment period (baseline to
t2) (p=0.02, Wilcoxon signed-rank test). Subsequently, an increase in diversity occurred
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during the remaining follow-up period (t2 to t3; p=0.1, Wilcoxon signed-rank test). In the
observational group, diversity was stable throughout the study period. The overall microbial
composition of all patients in each time point was represented in a PCoA, but no segregation
was observed between treatment groups at any time point.
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Figure 2. Average Shannon diversity per treatment group over time. During the treatment
period the microbial diversity decreased significantly in the antibiotic group. It increased
again during the follow-up period. Bars represent the standard error. ‘*’p<0.05.

Microbiota stability and resilience
Intra-individual stability was calculated using the cosine distance between different time
points for each treatment group. This measurement indicates the extent of perturbation
of the microbial composition within each patient. By the end of the treatment, at t2, the
microbiota of patients receiving antibiotics was highly perturbed (Fig. 3). The longitudinal
stability was significantly lower in the antibiotic group during the treatment period (baseline
to t2) and during the remaining follow up period (t2 to t3) (p=0.03 and p<0.001, respectively;
Mann-Whitney test). Nonetheless, towards the end of the study, the microbiota of patients
in the antibiotic group showed recovery and became similar to that sampled at baseline.
Associating microbial species and antibiotics intake
Ten bacterial species of which their abundance was significantly associated with antibiotics
intake were identified (p-value < 0.05 for the ‘Treatment’ covariate) (Table 2). Out of these,
the initial abundance of four species had large effects for their abundance during the course
of treatment (p-value < 0.05 for the ‘Abundance at baseline’ covariate), and five species
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Figure 3. Longitudinal intra-individual microbial stability. Stability was calculated as intraindividual cosine distance between two microbial profiles at different time points. Higher
cosine values indicate a less stable microbiota. The most pronounce perturbation occurred
at t2. By the end of the study the microbiota of the antibiotic group was recovered. ‘*’
p<0.05.
were relatively stable in their abundance over this period (p-value > 0.05 for the ‘Time’
covariate). This group of species was dominated by species of the Proteobacteria phylum.
Amoxicillin-clavulanic acid susceptible species, such as Faecalibacterium prausnitzii,
Sutterella wadsworthensis and Escherichia coli, presented a significant decrease in abundance
in the antibiotic group during the treatment period (baseline to t2), whereas the abundance
and prevalence of Stenotrophomonas maltophilia increased (Fig. 4). Some species, such as
unclassified Proteobacterium p_657 and
S. maltophilia, presented overgrowth during the
follow up period compared to their original abundance and prevalence. In five patients of
the antibiotic group, Alistipes putredinis, that was detected in the beginning of the study,
was completely eliminated by t3 (Fig. 4).
Different species varied in their susceptibility to the antibiotics and their ability to recolonize
the gut during the follow-up period. F. Prausnitzii, unclassified FAFV f_361,
Sutterella sp. and
unclassified Proteobacterium p_932, were completely eliminated by t2 from the microbiota
of all patients in the antibiotic group, however only unclassified FAFV f_361 and unclassified
Proteobacterium p_932 could recover relatively quickly by t3 (Fig. 4)
Resilience of the gut microbiota is associated with disease
Patients of the antibiotic group who suffered from abdominal pain, showed a significantly
more perturbed microbiota composition during this period compared to patients who
reported no abdominal pain (p<0.01, Mann-Whitney test). In the observational group,
however, no similar association was observed between microbial stability and disease
symptoms (Fig. 5).
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Figure 4. Microbial species significantly affected by amoxicillin-clavulanic acid according
to a two-part zero-inflated Beta regression model with random effects (ZIBR27). For each
species, both the relative abundance (left) and the prevalence (right) over time are shown
according to treatment group. Average relative abundance is presented as log 2 intensity
values, and bars represent the standard error.
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Figure 5. Abdominal pain is associated with a less resilient microbiota in the antibiotic group.
Stability is measured as within-individual cosine distance between microbial profiles at t1
and at t3; Higher cosine values indicate a less stable microbiota. ‘*’ p<0.01

DISCUSSION
A 10-day treatment period with antibiotics for uncomplicated left-sided acute diverticulitis
introduced a transient, but significant, perturbation in the microbiota. The most pronounced
decrease in microbial abundance and diversity was observed at day 10 from the start of
antibiotic administration. Consequently, by the end of the treatment period the overall
microbial composition was highly perturbed in the antibiotic group compared to the
observational group. By the end of the follow-up period, this had stabilized again. However,
while most affected taxa were able to recover by the end of the study, certain species, such
as A. putredinis, remained undetectable.
Modelling the longitudinal effect of the antibiotics on individual species revealed that several
species, that were previously described to be protective or beneficial, were significantly
depleted. For example, members of Lachnospiraceae and Alistipes, that were completely
eliminated at 2 months follow-up,were previously identified to provide colonization
resistance to Clostridium difficile.28Alistipes species were also identified to be prevalent
members of a healthy core microbiota in children, while missing from that of paediatric
inflammatory bowel disease patients.29,30
F. prausnitzii, which is susceptible to amoxicillinclavulanic acid and was also significantly affected by the treatment, has been consistently
shown to play an important role in maintaining health.31,32
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Most of the species that were identified to be significantly affected by the antibiotic treatment
belonged to the phylum Proteobacteria. However, some of these, such as unclassified
Proteobacterium p_657 and
S. maltophilia, a highly multidrug-resistant species,33, were not
affected by the antibiotics, and flourished during antibiotic administration. Interestingly,
Proteobacteria spp. were also previously identified as the drivers to distinguish diverticulitis
patients from control subjects from a general gastroenterological practice.24It is therefore
possible that species that may be involved in the pathophysiology of the disease are, in
some cases, actually being favoured by the antibiotic treatment.

The antibiotic treatment revealed the resilience property of the intestinal microbiota of
patients in the antibiotic group. Our association suggests that patients with a more resilient
microbiota cope better with the disease, as they reported of less abdominal pain following
their initial diverticulitis episode. This hypothesis needs to be tested in a larger patient
sample.
The main drawback of this study is the size of the cohort, and this affects the certainty
with which conclusions can be drawn. Furthermore, the follow-up period of the microbiota
was limited to a 60-day period. In our cohort, the antibiotics effect was mostly transient,
however, in case of impaired resilience as a result of the antibiotics, a future antibiotics
treatment may lead to a greater perturbation, which might drive the microbiota into a
new, and potentially dysbiotic, state.22,35
A longer follow-up period is needed to further
investigate the long-term consequences. Yet, the strength of our study lies in its meticulous
design. Having a well-defined patient group with antibiotic treatment, a comparable group
without antibiotics, and a consistently documented longitudinal follow-up, make this study
altogether of potential importance to the effort to determine what is the optimal treatment
for uncomplicated diverticulitis.
Probiotics can potentially modify the gut microbial balance and may be beneficial due to
its anti-inflammatory effects and capability to enhance anti-infection defences. However,
a recent systematic review, that aimed to assess the efficacy of probiotic treatment in
diverticular disease in terms of remission of abdominal symptoms and prevention of acute
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The resilience of a gut microbial community determines whether a particular perturbation
will permanently shift its stable state, or whether it will return to its initial homeostatic state
following a disturbance. It is an intrinsic property of the microbiota, driven by the specific
composition and diversity of the community, which varies across individuals and between
treatments within an individual.23For example, it was suggested that decreased functional
redundancy may indicate a decreased resilience to perturbation.34 Variations previously
described in the intestinal microbiota of diverticulitis patients may therefore lead to
impaired resilience, which might have an effect on the response to antibiotic treatment.17,24

diverticulitis, could not reach a definite conclusion,36 even though single controlled studies
have shown an apparent trend to a positive clinical response.37,38
The probiotic strains used
varied among the examined studies, as were the modalities used for diagnosis and the
treatment protocols with regard to timing, dosage or combination with other drugs. Further
investigation is thus required to understand if and how probiotics might be employed in this
condition.
Our study suggests that antibiotic treatment may have unpredictable effects on the gut
microbial communities. In light of these findings and the previously demonstrated lack of
effect on clinical outcome, use of antibiotics in patients with uncomplicated diverticulitis
should be considered with the highest caution.
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PART 2
Uncomplicated or complicated diverticulitis

CHAPTER 7
Predictive factors on CT imaging for
progression of uncomplicated into
complicated acute diverticulitis
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ABSTRACT
Purpose
Since outpatient treatment and omitting antibiotics for uncomplicated acute colonic
diverticulitis have been proven to be safe in the majority of patients, selection of
patients that may not be suited for this treatment strategy becomes an important
topic. The aim of this study is to identify computed tomography (CT) imaging predictors
for a complicated disease course of initially uncomplicated acute diverticulitis.
Methods
CT imaging from a randomized controlled trial (DIABOLO study) of an observational
vs. antibiotic treatment strategy of first-episode uncomplicated acute diverticulitis
patients was re-evaluated. For each patient that developed complicated diverticulitis
within 90 days after randomization, two patients with an uncomplicated disease
course were randomly selected. Two abdominal radiologists, blinded for outcomes,
independently re-evaluated all CTs.
Results
Of the 528 patients in the DIABOLO trial, 16 patients developed complications (abscess
> 5 cm, perforation, bowel obstruction) within 90 days after randomization. In the
group with a complicated course of initially uncomplicated diverticulitis, more patients
with fluid collections (25 vs. 0%; p = 0.009) and a longer inflamed colon segment (86
± 26 mm vs. 65 ± 21 mm; p = 0.007) were observed compared to an uncomplicated
course of disease. Pericolic extraluminal air was no predictive factor.
Conclusion
Fluid collections and to a lesser extent the length of the inflamed colon segment may
serve as predictive factors on initial CT for a complicated disease course in patients
with uncomplicated acute colonic diverticulitis. These findings may aid in the selection
of patients not suitable for outpatient treatment and treatment without antibiotics.
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INTRODUCTION
From all patients with acute colonic diverticulitis, roughly two-third presents with
uncomplicated diverticulitis [1]. Traditionally, these uncomplicated patients were admitted
to the hospital and antibiotic treatment was initiated routinely. Meanwhile, two randomized
controlled trials showed that antibiotics can safely be omitted in the treatment of
uncomplicated acute diverticulitis [2, 3]. Furthermore, a recent systematic review showed
that outpatient treatment of uncomplicated diverticulitis is safe, effective, and economically
efficient in a selected group of patients [4].
An important cause of failure of both omitting antibiotics and outpatient treatment is
progression of an uncomplicated episode of diverticulitis into a complicated diverticulitis
episode [5, 6]. Currently, computed tomography (CT) is only used to establish the diagnosis
and stage of disease at presentation, whereas some clinical characteristics are used to
predict the course of disease after presentation. Clinical judgment is used to select patients
that may not be suitable for outpatient treatment and omitting antibiotics.
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Identification of predictive factors on CT imaging could improve patient selection for more
aggressive treatment than simple observation and possibly prevent progression of disease
into complicated diverticulitis or ameliorate its course. The aim of this study was to identify
those predictive factors using CT imaging and patient outcomes from the DIABOLO trial, a
randomized controlled trial on observational vs. antibiotic treatment in patients with CTproven uncomplicated acute diverticulitis.

METHODS

Study design and patient population
The DIABOLO trial was a randomized controlled trial, taking place in 22 clinical sites in The
Netherlands during 2010– 2012 [3]. A total of 528 patients with CT-proven, first-episode, leftsided, and uncomplicated acute diverticulitis were randomized to either an observational
(262 patients) or an antibiotic (266 patients) treatment strategy. Uncomplicated acute
diverticulitis was defined as modified Hinchey stages 1a and 1b [7]; therefore, patients
having a small pericolic abscess (< 5 cm) or solely pericolic free air with absence of ascites or
abscess were also included in the study.
In the present study, all patients that developed complicated disease course of uncomplicated
diverticulitis within 90 days after randomization were identified. Complicated diverticulitis
within these 90 days was considered an escalation of the initial uncomplicated episode.
Complicated diverticulitis after these 90 days was considered to be a new episode of acute
diverticulitis and therefore not directly related to the initial CT at the time of randomization.
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Subsequently, for each complicated case, two cases were selected from the group of patients
that did not develop complicated diverticulitis. These uncomplicated cases were analyzed as
controls. To account for the diversity in CT scanners and CT protocols between the different
hospitals, the two uncomplicated cases were randomly selected (using random sampling in
SPSS) from the same hospital as the complicated case.
Data collection and outcomes
CT imaging at the time of randomization was obtained from the participating hospital for
each selected patient. Two abdominal radiologists (CN and IS with respectively 20 and 10
years of experience), both from a tertiary academic center, re-evaluated each CT. Both were
blinded for patient characteristics, initial CT report from the participating hospital, CT report
from the other expert reader, and patient outcome. Consequently, both radiologists were
unaware if the CT was from the complicated group or control group. They only knew some
patients had a deviant clinical course but were unaware of the proportion of patients. A
case record form was used to collect the CT data. Re-evaluation and all measurements were
performed in Agfa-IMPAX Version 6.5 software.

Figure 1.CT slide showing pericolic inflammation secondary to acute diverticulitis. Pericolic
inflammation is measured using a mean region of interest (ROI) resulting in an area of
inflammation of 23.65 cm2 with a mean Hounsfield unit of + 17.40.
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The CT-scan characteristics that were registered were tube kilovoltage, tube current,
slice thickness, type of multiplanar reconstructions used, image quality, and the use of
intravenous, oral, and rectal contrast. CT outcome measures were the presence and location
of extraluminal air (pericolic or distant), free fluid (fluid that is not walled off), and fluid
collections (fluid that is walled off, with or without enhancing wall or entrapped gas);
presence, location, maximum size, and number of colonic diverticula; location and length
of the inflamed colon segment; presence and area of pericolic inflammation (increased
density of pericolic fat tissue); maximal colonic wall thickness; presence of an enhancing
colonic wall; and the presence of enlarged lymph nodes. For the outcome measure fluid
collections, distinction was made between collection with or without typical characteristics
for an abscess, namely an enhancing wall and entrapped air. The largest diameter of the
fluid collection was measured in the axial plane. Pericolic inflammation was measured using
a mean region of interest (ROI) measurement in the axial plane image containing maximal
inflammation. This measurement resulted in the area of inflammation in square centimeters
and mean Hounsfield unit (Fig. 1). Length of the inflamed colon segment was measured
perpendicular to the luminal axis.
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Statistical analysis
For dichotomous outcomes, agreement between the two radiologists was denoted by
reporting the number of patients designated for each outcome in two categories. The
category “consensus” consists of patients that both radiologists independently agreed
upon, the category “no consensus” consists of patients that were designated by only one
radiologist. Only the category ”consensus” was statistically compared, as these findings
were most reliable. Interrater reliability was also assessed by calculating Cohen’s kappa (κ)
for categorical variables and intra-class correlation coefficient (ICC) for continuous variables.
A Cohen’s kappa or ICC of less than 0.20 represents slight agreement, 0.21–0.40 represents
fair agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial agreement, and
above 0.81 represents almost perfect agreement. For continuous outcomes, the mean of
the values from the two radiologists was calculated before calculating the mean or median
for the whole group. Categorical outcomes were compared using the chi-square test of
Fisher’s exact test, as appropriate. Continuous outcomes were compared using the unpaired
t test. A p value < 0.05 was considered statistically significant. All analyses were performed
using SPSS, version 23.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
Of the 528 patients with uncomplicated diverticulitis in the DIABOLO trial, 16 patients
progressed into complicated diverticulitis within 90 days after randomization. Four patients
developed an abscess larger than 5 cm, six patients developed perforation, and six patients
developed bowel obstruction demanding surgical intervention. From those six patients
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with bowel obstruction, one patient also had a diverticular bleeding 18 days prior to the
obstruction.
Initial CT imaging of 16 initially uncomplicated patients that progressed to complicated
diverticulitis and initial CT imaging of 32 patients that remained uncomplicated was
reevaluated and compared. CT imaging from 11 different hospitals was used for this study.
CT-scan settings and characteristics were comparable between the two groups (Table 1).
In the uncomplicated group, the oral contrast had reached a deeper level in the intestine
than the complicated group; in 71 vs. 12% of patients, oral contrast had reached at least the
descending colon.
Table 1.Comparison of CT-scan characteristics in uncomplicated acute diverticulitis patients
remaining without complications versus patients developing complications after an at first
uncomplicated episode.
Without complications
(N=32)
Tube kilovoltage (kVp) †
Tube current milliampere second (mAs) †
Slice thickness (mm) †
Multiplanar reconstruction - no (%)
Axial
Coronal
Sagittal
Image quality - no (%)
Good
Moderate
Contrast - no (%)
Intravenous
Oral
Deepest level reached
Small intestine
Caecum / transverse colon
Descending colon / sigmoid
Rectum
Rectal

Developed
complications
(N=16)
120 (120 – 120)120 (120 – 120)
165 (108 – 202)177 (115 – 238)
5.00 (3.00 – 5.00)
4.00 (3.00 – 5.00)
32 (100%)
30 (94%)
11 (34%)

16 (100%)
12 (75%)
4 (25%)

27 (84%)
5 (16%)

14 (87%)
2 (13%)

27 (84%)
17 (53%)

15 (94%)
9 (56%)

3 (18%)
2 (12%)
6 (35%)
6 (35%)
2 (6%)

4 (44%)
4 (44%)
0 (0%)
1 (12%)
0 (0%)

† median and interquartile ranges

Patients who developed complicated diverticulitis after initially uncomplicated
diverticulitis vs. patients who remained uncomplicated
At re-evaluation, CT imaging of 13 patients showed extraluminal air: 25% in the
uncomplicated group and 31% in the complicated group (p = 0.735). All were considered
pericolic extraluminal air (Table 2). Distant air was seen in three patients, but radiologists
did not agree on this observation. Free fluid was seen in 25% of patients in the group that
progressed to complicated disease vs. 9% of patients in the uncomplicated group (p = 0.201).
There was low agreement between the radiologists regarding the location of free fluid, but
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it frequently was located anterior of the rectum in both groups. Significantly more patients
with fluid collections were seen in the complicated group (25 vs. 0% respectively, p = 0.009).
All of those fluid collections were pericolic and three out of four met the criteria for evident
abscess (entrapped air and enhancing wall).
In both groups, the predominantly affected segment was the sigmoid colon. The length of
the inflamed colon segment was significantly greater in the complicated group compared to
the uncomplicated group (mean 85 ± 26 mm vs. 65 ± 21 mm, respectively; p = 0.007). The
presence of pericolic inflammation was non-significantly higher in the complicated group
but the area of inflammation was comparable between groups. The maximal colonic wall
thickness was non-significantly higher in the complicated group (Table 2).

Chapter 7

Interrater reliability
The level of agreement between radiologists was moderate to substantial for most
radiological findings. The agreement for the significant predictors for progression into
complicated diverticulitis was substantial for fluid collections (κ 0.70) and moderate for
length of inflamed colon segment (ICC 0.46). Parameters that are most frequently assessed
by radiologists in daily practice yielded the highest interrater reliability levels such as
extraluminal air (κ 0.81), free fluid
κ 0.68),
(
and fluid collections
κ 0.70).
(
Parameters with
the lowest level of agreement were diameter of the largest diverticulum (ICC 0.42) and the
presence of enlarged lymph nodes (κ 0.19).
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Extraluminal air present – no (%)
Location
Pericolic
Distant
Free fluid present – no (%)
Location
Pericolic
Anterior of the rectum
Paracolic/subphrenic
Fluid collection present – no (%)
Location
Pericolic
Anterior of the rectum
Paracolic/subphrenic
Entrapped air
Enhancing wall
Largest axial diameter (mm) ‡
3
4
0
2 (6)

1
0
0
0 (0)
2
0
0
1
1
30,0 ± 9,9

1
1
3 (9)

7
0
3 (9)

0
0
0
0
0

1 (3)

8 (25)

Without
complications
(N=32)
Consensus
No cons-ensus

4
0
0
3
3

1
3
0
1 (6)

2
2
1 (6)

3 (19)

No cons-ensus

0
1
0
0
0
35,0 ± 9,9

0
3
0
4 (25)

4
0
4 (25)

5 (31)

Consensus

Developed complications
(N=16)

0.009

0.201

consensus
comparison
0.735

P-value

0.70

0.68

0.81

Interrater
reliability#

Table 2. Comparison of radiological findings in uncomplicated acute diverticulitis patients remaining without complications versus patients
developing complications after an at first uncomplicated episode.
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3
9
10
5

0
2
3
13

Interrater reliability is calculated as Intra-class correlation coefficient
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No consensus: only patients that were designated for that outcome by one radiologist

Consensus: only patients that both radiologists independently agreed upon

1
3
4
2

1

0 (0)

13.5 ± 2.9
4 (27)
5 (33)
2 (13)
1 (6)
0
0
2
1

2
2
85.0 ± 25.6
5 (31)
3 (19)
13.4 ± 5.5

0
14

10.2 ± 2.2
16 (100)
0 (0)

0
2
3
6

3

16 (100)

** Cohen’s Kappa could not be calculated because one of the radiologists rated all patients positively

Interrater reliability is calculated as Cohen’s Kappa value unless indicated otherwise

$

11.7 ± 3.0
5 (19)
11 (41)
0 (0)
10 (31)
0
0
0
10

6
6
65.2 ± 21.0
3 (9)
7 (22)
10.7 ± 5.1

7
19

11.5 ± 2.3
32 (100)
0 (0)

8

1 (3)

0

31 (97)

#

* 6 CTs performed without intravenous contrast

¶ ROI average greater than 0 Hounsfield Unit

‡ mean and standard deviation

Lymph nodes enlarged – no (%)
Size > 1 cm
Multiple small

Colonic diverticula present – no (%)
Location
Only in inflamed segment – no (%)
Total number in entire colon
<5
5 – 10
10 – 20
> 20
Diameter largest diverticulum (mm) ‡
Inflamed colon segment present – no (%)
Location
Descending colon
Sigmoid
Length of inflamed segment (mm) ‡
Pericolic inflammation present ¶ - no(%)
Area of inflammation (cm2) ‡
Colonic wall
Maximal colonic wall thickness
Enhancing colonic wall * – no (%)
0.060
0.698
0.106

0.007
0.097
0.378

0.154

1.000

0.58$
0.46
0.19

0.46$
0.47
0.67$

$
0.42

N/A**

DISCUSSION
In the present study, several predictive factors on CT for progression into complicated
diverticulitis were identified. Fluid collections and to a lesser extent the length of the
inflamed colon segment may serve as predictive factors on initial CT for a complicated
disease course in patients who present with uncomplicated acute colonic diverticulitis.
Pericolic extraluminal air was no predictive factor.
Only one previous study assessed CT imaging-based predictive factors for the progression
of uncomplicated diverticulitis into complicated diverticulitis [8]. In that study, only four
uncomplicated diverticulitis patients progressed into complicated diverticulitis or needed
emergency surgery within 1 year. Therefore, statistical power may have been insufficient
to identify predictive CT findings. Also, the type of complications was not reported. No
significant predictors were identified, although their slightly longer length of the inflamed
colon segment in the complicated group corresponds with the significantly longer length of
the inflamed colon segment in the present study.
The present study is limited by the small number of patients with a complicated disease
course of initially uncomplicated diverticulitis. This also reflects the low probability of
uncomplicated diverticulitis actually progressing into complicated diverticulitis. Also, not all
CTs from uncomplicated diverticulitis patients were re-evaluated but with two uncomplicated
patients for each complicated patient being re-evaluated, a fair comparison could be made.
Another limitation might have been that CT imaging was performed in 11 different hospitals
that did not all use the same CT scans and same CT settings. To account for these differences
as much as possible, two uncomplicated cases were selected from the same hospital as the
complicated case. Moreover, the study duration of just over 2 years prevented technical
progress of CT scanners having an influence on the study results. Another limitation is the
varying level of agreement between radiologists for the radiological findings. An earlier study
shows a substantial to almost perfect interrater reliability regarding the classification of acute
diverticulitis with a Cohen’s kappa between 0.72 and 0.83, depending on the classification
that was used [9]. Most individual CT findings appear to have a lower level of agreement
between radiologists in the present study, indicating that these parameters are assessed
less reliably than the classification of disease stage. The differences in specialization and
years of experience between the two radiologists could also have played a role. Although,
since CTs from an emergency department are likely to be evaluated by less experienced
or not gastro-intestinally specialized radiologists, these differences in level of agreement
should be taken into account when interpreting CT results in daily practice.
The present study identified CT findings that may predict complications in uncomplicated
diverticulitis patients. It is however not clear whether these patients would not have
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developed complications when assigned to an antibiotic and inpatient treatment strategy. No
study thus far has been able to show whether any treatment could prevent complications to
develop. However, one could hypothesize that more aggressive treatment of patients at risk
of developing complications could make the clinical course milder, identify, and therefore
treat complications sooner, or even prevent complications. Therefore, fluid collection
and a longer inflamed colon segment on initial CT imaging of a patient diagnosed with
uncomplicated diverticulitis may aid in the selection of patients not suitable for outpatient
treatment and treatment without antibiotics.
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ABSTRACT
Background
Although uncomplicated acute diverticulitis has a beneficial disease course, some
patients are at increased risk for complications. Identification of these patients may
aid the selection of treatment strategies such as outpatient treatment. This study
aimed to assess the rate and timing of a complicated disease course in initially CTproven uncomplicated diverticulitis, and to identify risk factors for the development
of these diverticular complications.
Methods
CT-proven, left-sided and uncomplicated diverticulitis patients from two cohorts were
included. Main outcome measure was complicated diverticulitis (perforation, abscess,
obstruction or fistula) within 3 months after presentation. Risk factors for diverticular
complications were identified using multivariable logistic regression.
Results
Of the 1087 patients with initially CT-proven uncomplicated diverticulitis, 4.9%
(53/1087) developed complicated diverticulitis. Most perforations and abscesses
(16/21) occurred during the first 10 days, whereas colonic obstruction and fistula
occurred during 3 months of follow-up. Independent risk factors for the transition
from uncomplicated to complicated diverticulitis were ASA-classification 2 (OR2.09,
95%CI 1.00-4.37) and ASA-classification4.50,
3/4 (OR
95%CI 1.54-13.15)
, duration of
symptoms before presentation longer than 5 days (OR3.34, 95%CI 1.72-6.11), vomiting
(OR4.09, 95%CI 2.05-8.18)
and CRP above 140 mg/L (OR
3.03, 95%CI 1.61-5.70).
Conclusion
About one in twenty patients with CT-proven uncomplicated diverticulitis develops
a complicated disease course within 3 months; perforation and abscess occurs
predominantly within 10 days after presentation. Patients with systemic comorbidity,
symptoms for more than 5 days, who vomit or have high CRP levels at presentation are
at risk for diverticular complications after an uncomplicated initial presentation, and
may warrant closer observation.
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INTRODUCTION
Acute diverticulitis is a commonly diagnosed condition at the emergency department and
often results in hospital admission. The presentation of patients with acute diverticulitis
can vary from mild and self-limiting to severe with a need for emergency surgery. Based on
current knowledge, most patients with uncomplicated diverticulitis are suitable for nonantibiotic and outpatient treatment.1-3 However, some patients may be at higher risk for
complications and therefore may warrant a different approach. Timely identification of
these patients could prevent under-treatment and may prevent additional adverse events.
Currently, treatment strategies are mostly based on the stage of diverticulitis at presentation,
assuming all patients with a certain stage should be treated equally. Therefore, most
studies have focussed on the severity of the disease at presentation. Determination of risk
factors for the presence of diverticular complications at the emergency department have
limited value since imaging is available and more accurate. Risk factors for the progression
into complicated diverticulitis would be more useful. Studies addressing risk factors for
a complicated course of initially uncomplicated acute diverticulitis are scarce. And, since
this complicated progression seems relatively rare in uncomplicated diverticulitis, the few
studies on this topic lack statistical power to adequately identify patients at risk.4-7
The aim of this study was to identify risk factors for a complicated course of disease in
initially CT-proven uncomplicated diverticulitis. Furthermore, this study aimed to assess
which types of diverticular complications occur and in which time interval after presentation
patients are at risk for a complicated disease course.

METHODS
Chapter 8

Study design and patient population
Data in this observational cohort study comprised of two Dutch acute diverticulitis cohorts.
Only patients with acute uncomplicated diverticulitis (Hinchey 1a)8 confirmed by abdominal
CT were included. Both cohorts only included left-sided acute diverticulitis patients. The
first was a retrospective cohort from three Dutch hospitals (Onze Lieve Vrouwe Gasthuis,
Meander hospital and Sint Antonius hospital), including 1233 patients admitted to the
hospital with a primary episode of acute diverticulitis between January 2004 and January
9
2012.
The second was a cohort of 528 patients from the Dutch randomised DIABOLO
2
trial. This RCT compared observational and antibiotic treatment for uncomplicated acute
diverticulitis (Hinchey 1a and 1b) and included only primary episodes of CT-proven acute
diverticulitis patients from 22 Dutch hospitals between June 2010 and October 2012.
Duplicate patients in these cohorts were identified and the duplicate was removed.
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Outcomes and follow-up
Outcome measures were the number of patients with complicated diverticulitis at 3 months
of follow-up, and the type of complication. Clinical events within the first 3 months after
the initial acute diverticulitis diagnosis were considered related to this initial episode
and therefore informative about the disease course of that (initially) Hinchey 1a episode.
Complicated diverticulitis was defined as diverticulitis with abscess formation, free
perforation, colonic obstruction demanding surgical intervention, or fistula.
Statistical analysis
For categorical variables numbers and percentages were calculated and continuous variables
are expressed as mean and standard deviation or median and interquartile range (i.q.r.), as
appropriate.
First, rates of diverticular complications were calculated and plotted against the time
from presentation. Second, risk factors for the development of diverticular complications
(perforation, abscess, obstruction or fistula) were assessed using multivariable logistic
regression analysis. Patient characteristics and clinical parameters that were univariably
associated (p<0.10) with the outcome measure were entered into the multivariable logistic
regression model. Numerical variables were univariably tested as continuous variables for
selection for the multivariable models, but were dichotomized in the multivariable models
to ease interpretation and usage in daily practice. Age (≤50 years or >50 years),
body
temperature (≤38.5 °C or >38.5 °C), and duration of symptoms before presentation (≤5 days
or >5 days) were dichotomized using clinically relevant thresholds. Thresholds for duration
of symptoms, C-reactive protein (CRP) and white blood cell count (WBC) were set at optimal
sensitivity and specificity according to receiver operating characteristic (ROC) curves. Other
variables assessed for their association with the outcome were gender, American Society of
Anaesthesiologists (ASA) score (1, 2 and 3 or higher), non-steroid anti-inflammatory drug
(NSAID) use at presentation (yes or no), primary or recurrent diverticulitis episode, vomiting
(yes or no), and initial antibiotic treatment (yes or no). All risk estimates are expressed in
odds ratios (OR) with 95% confidence intervals (95% CI). These univariable and multivariable
analyses were performed a) with all diverticular complications within 3 months as outcome,
b) with only infectious complications (perforation or abscess) within 3 months as outcome.
Furthermore, these analyses were repeated with complications within 1 month as outcome.
Last, the 3 months’ analyses were repeated with adjustment for clustering of data. Since the
data from two cohorts was used, differences between cohorts in e.g. outcome assessment
or follow-up could have had an effect on the outcomes. Likewise, differences between
hospitals in e.g. treatment protocols could have had an effect on the outcomes. To test this
bias by clustering of data, the multivariable models were additionally adjusted for study
cohort and hospital.
A two-sided p<0.05 was considered statistically significant. STROBE guidelines for reporting
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were followed.10 All analyses were performed using SPSS, version 24.0 (SPSS Inc., Chicago,
IL, USA).

RESULTS
From a total of 1761 patients in both cohorts, 1087 CT-proven uncomplicated diverticulitis
patients were included. In the DIABOLO trial, all 528 patients had CT-proven uncomplicated
diverticulitis. From the retrospective cohort study, 632 0f 1233 patients had no CT-proven
diagnosis and were excluded. The mean age was 57.5 (±12.6) years and symptom duration
before presentation was median 3 (2-5) days. (Table 1) Out of the patients who did not
develop a complicated disease course, 7% (74/1034) were lost to follow-up at 3 months.
Since baseline characteristics between these patients, who were lost to follow-up, and
patients who were not lost to follow-up were comparable, the risk of attrition bias was
considered limited. (Supplementary table 1) Therefore, these patients were labelled in the
risk factor analyses as patients that indeed did not develop a complicated disease course
within 3 months after presentation.
Table 1. Baseline characteristics of all Hinchey 1a patients.
Age (years)#
Male gender
ASA classification
1
2
≥3
Duration of symptoms (days)* a
Body temperature (°C)# b
9
White blood cell count (x 10
cells/l)* c
C-reactive protein (mg/l)* d

All Hinchey 1a
(N=1087)
57.5 (12.6)
499 (45.9)
548 (50.4)
462 (42.5)
77 (7.1)
3 (2-5)
37.5 (0.78)
12.0 (9.9-14.6)
79 (40-131)

Values in parentheses are percentages unless indicated otherwise;
values are mean (standard deviation); *values are median

Chapter 8

#

b
c
(interquartile range); a 141 missing;
61 missing;
13 missing;
d

15 missing

Complicated disease course of initially uncomplicated diverticulitis
Only 4.9% (53/1087) of the patients developed a complicated disease course within three
months; colonic obstruction in 2.1% (23/1087), perforation in 1.2% (13/1087), abscess
formation in 0.7% (8/1087), and fistula in 0.8% (9/1087) of all initially uncomplicated
diverticulitis patients. Almost half of complications occurred during the first 10 days after
presentation (24/53 (45%) of complicated cases), and were rather evenly distributed over
these days. (Figures 1 and 2) Perforation and abscesses (16/21) predominantly occurred
during the first 10 days (Figure 1), and shown in more detail in Figure 2. The other 5 cases
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of perforation or abscess occurred after 11 days to 90 days. Other complications, such as
colonic obstruction (23 cases) and fistula (9 cases) occurred during the entire three months
of follow-up.

Numbers of patients with
complicated diverticulitis

30

Fistula
Obstruction

20

Abscess
Perforation

10

010
11
-2
0
21
-3
0
31
-4
0
41
-5
0
51
-6
0
61
-7
0
71
-8
0
81
-9
0

0

Time between presentation and occurence
of complicated diverticulitis in days

Figure 1.Type of complication (abscess, perforation, obstruction or fistula) within 3 months
after being diagnosed with acute uncomplicated diverticulitis.

Numbers of patients with
complicated diverticulitis

10

Fistula

8

Obstruction
Abscess

6

Perforation

4
2

10

9

8

7

6

5

4

3

2

1

0
Time between presentation and occurence
of complicated diverticulitis in days

Figure 2. Type of complication (abscess, perforation, obstruction or fistula) within the first
10 days after being diagnosed with uncomplicated diverticulitis. Day one in this figure
represents the day after presentation.
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Risk factors for a complicated disease course in initially uncomplicated diverticulitis
The value of optimal sensitivity and specificity according to receiver operating characteristic
(ROC) curves was 140mg/L for CRP and 159 cells/L
x 10 for WBC (Supplementary Figures
1 and 2). Independent risk factors for the development of a complicated disease course
within 3 months after presentation were: severe systemic disease (ASA 2 (OR 2.09, 95% CI
1.00-4.37) or ASA 3/4
4.50,
(OR 95% CI 1.54-13.15)
, duration of symptoms longer than 5
days before presentation (OR 3.34, 95% CI 1.72-6.11), presence of vomiting
4.09, (OR
95%
CI 2.05-8.18)
and CRP > 140 mg/L (OR
3.03, 95% CI 1.61-5.70).
(Table 2)

Chapter 8

Since colonic obstruction and fistula may be considered a different type of complication
than the infectious complications perforation and abscess, the logistic regression analysis
was repeated only for patients who developed a perforation or abscess as complication.
Compared to the risk factors for all types of diverticular complications, ASA score and
duration of symptoms were eliminated as risk factor and white blood cell count appeared
to be a new risk factor. For a complicated disease course with perforation or abscess within
3 months of an initially uncomplicated diverticulitis the following independent risk factors
were identified: presence of vomiting (OR 3.71, 95% CI 1.44-9.55)
, CRP higher than 140 mg/L
9
(OR 3.16
, 95% CI 1.30-7.69)
and WBC higher than 15 x01cells/L (OR 3.58, 95% CI 1.1710.90). (Table 3) Logistic regression for both outcomes
1 month
at
of follow-up identified
no additional risk factors (Supplementary tables 2 and 3). Correction for clustering of data
yielded comparable results. (Supplementary table 4)
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Table 2. Univariable and multivariable analyses of risk factors (odds ratio) associated with
a complicated disease course (abscess, perforation, obstruction or fistula) within 3 months
after presentation with acute uncomplicated diverticulitis.
No. of patients
at risk for a
complicated
disease course
Gender
Male
Female
Age
≤ 50 years
> 50 years
ASA score
I
II
III or IV
NSAIDa
Yes
No
Duration of symptomsb
≤ 5 days
> 5 days
Vomitingc
Yes
No
Body temperature
(°C)d
≤ 38.5 degrees
> 38.5 degrees
C-reactive proteine
≤ 140 mg/L
> 140 mg/L
White blood cell
countf
9
≤ 12 x 10
cells/L
9
> 12 x 10
cells/L
Antibiotic treatmentg
Yes
No

Complicated
disease course
N (%)

Univariable

OR (95% CI)

Multivariable

OR (95% CI)

499
588

22 (4.4) 0.83 (0.47-1.45)
31 (5.3)

330
757

14 (4.2)
39 (5.2) 1.23 (0.66-2.29)
0.92 (0.43-1.97)

548
462
77

15 (2.7)
Ref.
Ref.
29 (6.3) 2.38 (1.26-4.50)
2.09 (1.003-4.37)
9 (11.7) 4.70 (1.98-11.16)
4.50 (1.54-13.15)

167
911

6 (3.6)
0.69 (0.29-1.63)
47 (5.2)

742
204

27 (3.6)
22 (10.8) 3.20 (1.78-5.75)
3.24 (1.72-6.11)

118
949

17 (14.4) 4.53 (2.44-8.40)
4.09 (2.05-8.18)
34 (3.6)

943
83

42 (4.5)
5 (6.0)
1.38 (0.53-3.58)

842
230

29 (3.4)
21 (9.1) 2.82 (1.57-5.04)
3.03 (1.61-5.70)

547
527

20 (3.7)
31 (5.9) 1.65 (0.93-2.93)

379
707

16 (4.2) 0.80 (0.44-1.46)
37 (5.2)

Abbreviations: ASA, American Society of Anesthesiologists. NSAID, non-steroid anti-inflammatory drugs.
a

c20
f
g
9 missing,b141 missing,
missing, d61 missing, e15 missing,
13 missing,
1 missing

152

COMPLICATED DISEASE COURSE IN UNCOMPLICATED DIVERTICULITIS.

Table 3. Univariable and multivariable analyses of risk factors (odds ratio) associated with
abscess or perforation within 3 months after presentation with acute uncomplicated
diverticulitis.
No. of patients
at risk for a
complicated
disease course

N (%)

Univariable
OR (95% CI)

Multivariable
OR (95% CI)

499
588

8 (1.6) 0.72 (0.30-1.75)
13 (2.2)

330
757

7 (2.1)
14 (1.8) 0.87 (0.35-2.17)

548
462
77

7 (1.3)
Ref.
12 (2.6) 2.06 (0.81-5.28)
2 (2.6) 2.06 (0.42-10.11)

167
911

4 (2.4) 1.29 (0.43-3.88)
17 (1.9)

742
204

14 (1.9)
6 (2.9) 1.58 (0.60-4.15)

118
949

7 (5.9) 4.21 (1.66-10.66)
3.71 (1.44-9.55)
14 (1.5)

943
83

18 (1.9)
3 (3.6) 1.93 (0.56-6.68)

842
230

10 (1.2)
11 (4.8) 4.18 (1.75-9.97)
3.16 (1.30-7.69)

547
527

4 (0.7)
17 (3.2) 4.53 (1.51-13.54)
3.58 (1.17-10.90)

379
707

7 (1.8) 0.93 (0.37-2.33)
14 (2.0)
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Gender
Male
Female
Age
≤ 50 years
> 50 years
ASA score
I
II
III or IV
NSAIDa
Yes
No
Duration of symptomsb
≤ 5 days
> 5 days
Vomitingc
Yes
No
Body temperature (°C)d
≤ 38.5 degrees
> 38.5 degrees
C-reactive proteine
≤ 140 mg/L
> 140 mg/L
White blood cell countf
9
≤ 15 x 10
cells/L
9
> 15 x 10
cells/L
Antibiotic treatmentg
Yes
No

Complicated
disease
course

Abbreviations: ASA, American Society of Anesthesiologists. NSAID, non-steroid anti-inflammatory drugs.
a

c
d
e
f
g
9 missing,b141 missing,
20 missing,
61 missing,
15 missing,
13 missing,
1 missing
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DISCUSSION
Only 4.9% of patients with CT-proven acute uncomplicated diverticulitis developed a
complicated disease course within 3 months after presentation, mostly occurring in the
initial ten days. Patients with uncomplicated diverticulitis at increased risk for diverticular
complications had a mild or severe systemic disease, had more than five days of symptoms
before presentation, vomited, had increased CRP levels (>140 mg/L) or increased white
9
blood cell counts (> 15 x01
cells/L).
Acute uncomplicated diverticulitis has a beneficial disease course given the fact that 95% of
patients did not develop any diverticulitis related complication within three months. Several
other studies with solely CT-proven uncomplicated diverticulitis patients demonstrate
comparable rates. Two retrospective cohort studies have assessed the occurrence of only
diverticular complications (perforation, abscess, colonic obstruction or fistula) in initially
uncomplicated diverticulitis, showing a 2.0% (16/809) and 2.7% (15/565) complication rate
within one month.4,11Another retrospective cohort study in uncomplicated diverticulitis
only reports rates of inpatient interventions for diverticular complications, that occurred
5
in 3.5% (11/314) of patients.
Only two studies have performed a risk factor analysis for
the occurrence of diverticular complications.4,5With a low number of cases compared
to controls, these previous studies were underpowered compared to the present study.
Meeting SIRS criteria, increasing age and immunosuppressive treatment have been
identified as risk factors for a complicated disease course.4,5Since immunosuppressive
treatment has previously been associated with increased risk of complicated diverticulitis at
presentation, close observation of these immunosuppressed patients may be appropriate.12
As a limitation of the present study, immunosuppressive treatment had not been registered
and could therefore not be assessed as potential risk factor.
Because the low number of cases with a complicated disease course, two studies assessed
risk factors for combined endpoint indicating a severe clinical course.5,11
These combined
endpoints yielded more ‘positive’ patients that resulted in higher statistically powered
analyses. With 46 cases (out of 565 patients) of non-antibiotic treatment failure, a
11
retrospective cohort study identified CRP level above 170 mg/L as a risk factor.
However,
since this combined endpoint included non-diverticulitis-related outcomes such as urinary
tract infection and pneumonia, generalizability of this findings towards patients at risk for
diverticular complications is limited. Another study has defined their outcome measure
‘severe clinical course’ as need for surgery, need for percutaneous abscess drainage, length
5
of hospital stay of 7 days of longer, or readmission within 30 days.
Also this study identifies
increased CRP level (≥200 mg/L) as an independent risk factor for a severe clinical course.
Additionally, use of steroids or immunomodulatory agents, increased body temperature,
increased respiratory rate and a pain score of 8 or higher (on a visual analogue scale from 0
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5
to 10) are independent risk factors.

A previous study using data from the DIABOLO trial has assessed risk factors on CT imaging
for the development of complications in initially uncomplicated diverticulitis. This study
demonstrates that the presence of fluid collections and a longer inflamed colon segment
could have predictive value for a complicated course of initially uncomplicated diverticulitis.7
Eventually, the combination of published CT parameters and here demonstrated clinical risk
factors may provide adequate selection of patients at risk for complications.

This study confirmed that clinicians need to be aware of the modest possibility of a
complicated disease course (one in twenty patients) in initially CT-proven uncomplicated
diverticulitis. Patients who fit a profile at risk for the development of a complicated disease
course may warrant closer observation during the first week of the disease. Furthermore,
previous studies suggest immunocompromised patients may warrant closer observation as
well.
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A strength of this study is the large number of patients. Fifty-three patients with a relatively
rare complicated course of uncomplicated diverticulitis could be evaluated, yielding the
statistical power needed for the identification of risk factors. Furthermore, all patients
had a CT-proven diagnosis of initially uncomplicated acute diverticulitis. Although, 632
patients from the retrospective cohort study were excluded because of the absence of a
CT-proven diagnosis. It is likely that the patients who did not undergo a CT may have been in
a slightly better clinical condition compared to patients who did undergo CT. Therefore, the
proportion of patients that developed a complicated disease course may have been slightly
overestimated in the present study. Also, five patients developed complicated diverticulitis
one day after presentation (one patient a perforation, one patient an abscess and three
patients colonic obstruction requiring surgical intervention). This one day window in which
the complication has developed seems rather short. It is plausible that some of these
complications may have been missed on the initial CT. Another limitation of this study is that
data of some potential risk factors described in literature were not available. Particularly,
immunosuppressive treatment would have been an interesting factor given the previously
reported association with complicated diverticulitis. Although the number of patients was
relatively high compared to previous studies, some risk factors may have been missed due
to the rarity of complications in the group of uncomplicated diverticulitis patients.
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SUPPLEMENTARY MATERIAL
Supplementary table 1. Comparison of baseline characteristics of patients with a
complicated disease course of acute uncomplicated diverticulitis within 3 months, patients
without a complicated disease course who completed 3 months of follow-up and patients
without a complicated disease course who were lost to follow-up at 3 months.
Patients with
a complicated
disease course

Age (years)#
Male gender
ASA classification
1
2
≥3
Duration of symptoms (days)* a
Body temperature (°C)# b
9
White blood cell count (x 10
cells/l)* c
C-reactive protein (mg/l)* d

Patients
without a
complicated
disease course
at 3 months
follow-up

Patients without
a complicated
disease course
who were lost
to follow-up at 3
months

(N=53)
(N=960)
(N=74)
60.5 (12.9) 57.2 (12.5) 60.2 (13.2)
22 (42)
450 (46.9) 27 (37)
15 (28)
491 (51.1) 42 (57)
29 (55)
408 (42.5) 25 (34)
9 (17)
61 (6.4)
7 (9)
4 (1-14)
3 (2-5)
3 (1-4)
37.4 (0.9) 37.5 (0.8)
37.5 (0.9)
13.0 (9.8-16.0)
11.9 (9.9-14.5)
12.0 (10.3-14.6)
103 (42-207)
78 (41-129)80 (31-127)
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Values in parentheses are percentages unless indicated otherwise; #values are mean (standard deviation); *values
b
c
d
are median (interquartile range); a 141 missing;
61 missing;
13 missing;
15 missing
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Supplementary table 2. Univariable and multivariable analyses of risk factors (odds ratio)
associated with a complicated disease course (abscess, perforation, obstruction or fistula)
within 1 month after presentation with acute uncomplicated diverticulitis.
No. of patients Complicated
at risk for
disease
complicated
course
disease course
N (%)
Gender
Male
Female
Age
≤ 50 years
> 50 years
ASA score
I
II
III or IV
NSAIDa
Yes
No
Duration of symptomsb
≤ 5 days
> 5 days
Vomitingc
Yes
No
Body temperature (°C)d
≤ 38.5 degrees
> 38.5 degrees
C-reactive proteine
≤ 140 mg/L
> 140 mg/L
White blood cell countf
9
≤ 15 x 10
cells/L
9
> 15 x 10
cells/L
Antibiotic treatmentg
Yes
No

Univariable

OR (95% CI)

Multivariable

OR (95% CI)

499
588

15 (3.0) 1.11 (0.54-2.26)
16 (2.7)

330
757

8 (2.4)
23 (3.0) 1.26 (0.56-2.85)
0.58 (0.23-1.46)

548
462
77

9 (1.6)
Ref.
15 (3.2) 2.01 (0.87-4.64)
2.30 (0.86-6.15)
7 (9.1) 5.99 (2.16-16.59)
9.61 (2.97-31.08)

167
911

5 (3.0) 1.05 (0.40-2.78)
26 (2.9)

742
204

16 (2.2)
12 (5.9) 2.84 (1.32-6.10)

118
949

12 (10.2)6.21 (2.89-13.35)
5.17 (2.29-11.66)
17 (1.8)

943
83

24 (2.5)
5 (6.0) 2.46 (0.91-6.61)

842
230

16 (1.9)
13 (5.7) 3.09 (1.47-6.53)
3.36 (1.53-7.38)

547
527

9 (1.6)
21 (4.0) 2.48 (1.13-5.47)

379
707

11 (2.9) 1.03 (0.49-2.17)
20 (2.8)

Abbreviations: ASA, American Society of Anesthesiologists. NSAID, non-steroid anti-inflammatory drugs.
a

c
d
e
f
g
9 missing,b141 missing,
20 missing,
61 missing,
15 missing,
13 missing,
1 missing
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Supplementary table 3. Univariable and multivariable analyses of risk factors (odds ratio)
associated with abscess or perforation within 1 month after presentation with acute
uncomplicated diverticulitis.
No. of
patients at
risk for for
complicated
disease
course

N (%)

Univariable
OR (95% CI)

Multivariable
OR (95% CI)

499
588

8 (1.6)
0.94 (0.37-2.41)
10 (1.7)

330
757

6 (1.8)
12 (1.6) 0.87 (0.32-2.34)

548
462
77

6 (1.1)
Ref.
10 (2.2) 2.00 (0.72-5.54)
2 (2.6) 2.41 (0.48-12.15)

167
911

4 (2.4)
1.57 (0.51-4.84)
14 (1.5)

742
204

11 (1.5)
6 (2.9)
2.01 (0.74-5.51)

118
949

6 (5.1) 4.18 (1.54-11.36)
3.63 (1.31-10.07)
12 (1.3)

943
83

15 (1.6)
3 (3.6)
2.32 (0.66-8.18)

842
230

8 (1.0)
10 (4.3) 4.74 (1.85-12.15)
3.53 (1.35-9.23)

547
527

3 (0.5)
15 (2.8) 5.31 (1.53-18.46)
4.11 (1.16-14.55)

379
707

6 (1.6)
0.93 (0.35-2.50)
12 (1.7)
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Gender
Male
Female
Age
≤ 50 years
> 50 years
ASA score
I
II
III or IV
NSAIDa
Yes
No
Duration of symptomsb
≤ 5 days
> 5 days
Vomitingc
Yes
No
Body temperature (°C)d
≤ 38.5 degrees
> 38.5 degrees
C-reactive proteine
≤ 140 mg/L
> 140 mg/L
White blood cell countf
9
≤ 12 x 10
cells/L
9
> 12 x 10
cells/L
Antibiotic treatmentg
Yes
No

Complicated
disease
course

Abbreviations: ASA, American Society of Anesthesiologists. NSAID, non-steroid anti-inflammatory drugs.
a

c
d
e
f
g
9 missing,b141 missing,
20 missing,
61 missing,
15 missing,
13 missing,
1 missing
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Supplementary table 4. Multivariable analyses of risk factors (odds ratio) associated with
a complicated disease course (abscess, perforation, obstruction or fistula) within 3 month
after presentation with acute uncomplicated diverticulitis, adjusted for study cohort or
study center.
Multivariable model
without adjustment
OR (95% CI)
Age
≤ 50 years
> 50 years
ASA score
I
II
III or IV
Duration of symptomsa
≤ 5 days
> 5 days
Vomitingb
Yes
No
C-reactive proteinc
≤ 140 mg/L
> 140 mg/L

Multivariable model
with adjustment
for study
OR (95% CI)

Multivariable model
with adjustment
for center
OR (95% CI)

0.92 (0.43-1.97)
0.97 (0.45-2,09)
0.96 (0.45-2,07)
Ref.
Ref.
Ref.
2.09 (1.003-4.37)
1,63 (0,76-3,50)
2.06 (0,99-4.30)
4.50 (1.54-13.15)
3,47 (1.16-10,37)
4.29 (1.46-12,58)
3.24 (1.72-6.11)
3.13 (1.65-5,94)
3.36 (1.78-6.37)
4.09 (2.05-8.18)
3,74 (1,85-7,56)
3,94 (1,96-7,90)

3.03 (1.61-5.70)
2,80 (1.47-5.32)
3.08 (1.63-5.82)

Abbreviations: ASA, American Society of Anesthesiologists.
a

b
c
141 missing,
20 missing,
15 missing
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Supplementary figure 1. ROC curve to determine the threshold for C-reactive protein
(CRP). The asterisk indicates the level (140 mg/L) with the highest combined sensitivity and
specificity.

Supplementary figure 2. ROC curve to determine the threshold for white blood cell count
9
(WBC). The asterisk indicates the level (15 x 10
cells/L) with the highest combined sensitivity
and specificity.
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CHAPTER 9
Natural course of small pericolic or mesocolic
diverticular abscesses (Hinchey 1b) compared
to uncomplicated acute diverticulitis patients
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ABSTRACT
Goals
To assess whether the natural course of patients with a small diverticular abscess
(<5cm; Hinchey 1b) is more virulent than uncomplicated diverticulitis (Hinchey 1a)
patients, and to correlate abscess size with rates of complications and interventions.
Study
Three datasets with computed tomography proven and left-sided acute diverticulitis
patients, were merged in an observational cohort study comprising 129 patients
with a pericolic or mesocolic abscess up to 5 centimetres (Hinchey 1b) and 1547
uncomplicated diverticulitis (Hinchey 1a) patients. Main outcomes were rates of
complicated diverticulitis and interventions on short-term (<90 days) and long-term
(end of follow-up), and recurrent diverticulitis on long-term.

Results
Compared to uncomplicated patients, patients with an abscess smaller than 5
centimetres developed more often complicated diverticulitis (14.0% (18/129) versus
5.2% (80/1547), p<0.001) and needed more interventions (sigmoid resection 14.0%
(18/129) versus 6.7% (103/1547), p=0.002). However, the subcategory of patients
with an abscess smaller than 3 centimetres showed comparable short-term rates of
complicated diverticulitis (6.3% (3/48) versus 5.2% (80/1547), p=0.736), and sigmoid
resection (8.3% (4/48) versus 6.7% (103/1547), p=0.550), and long-term hazard risks
(complicated diverticulitis HR 1.06 (95%CI 0.39-2.91), sigmoid resection HR 0.72
(95%CI 0.32-1.64) and recurrent diverticulitis HR 1.24 (95%CI 0.58-2.65) for absces
compared to uncomplicated patients).
Conclusion
Patients with a diverticular abscess up to 5 centimetres suffer from a significantly
more virulent disease course compared to uncomplicated acute diverticulitis patients.
A subgroup of patients with smaller abscesses may have a disease course comparable
with uncomplicated patients and may therefore be treated conservatively and even
as outpatients.
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INTRODUCTION
Acute colonic diverticulitis occurs in a variety of stages, each with different natural
disease courses and treatment demands. Whereas the majority of patients present with
uncomplicated acute diverticulitis, approximately 15% of all acute diverticulitis patients
present with a diverticular abscess.1-3 In contrast to uncomplicated diverticulitis (which is
mainly treated conservatively) and diverticulitis with generalized peritonitis (which is mainly
treated surgically), diverticular abscesses can be treated conservatively, surgically and by
percutaneous abscess drainage. Therefore, patient selection plays an important role in the
management of these patients.

This study aimed to assess whether the natural course of patients with a small diverticular
abscess is more virulent than uncomplicated diverticulitis patients, and to investigate the
relation between abscess size and rates of complications and interventions.

MATERIALS AND METHODS
Study design and patient population
Patients from three left-sided acute diverticulitis cohorts were included. Only patients
with an abscess according to Hinchey stage 1b9 (pericolic or mesocolic abscess up to 5
centimetres) were included. This group of patients was compared to all Hinchey stage 1a
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Several patient or abscess characteristics that could be used for treatment selection have
been suggested of which the size of the abscess seems to be the most important factor.
The abscess size from which conservative treatment is likely to fail and interventions are
needed, is widely debated and varies from 2 to 6 centimetres in literature and guidelines
on acute diverticulitis.4-6 Some abscess patients may not only be candidate for treatment
without percutaneous abscess drainage, these patients may also be candidates for nonantibiotic or outpatient treatment that have been proven safe in uncomplicated diverticulitis
patients in recent years. Non-antibiotic treatment has been proven safe for uncomplicated
diverticulitis patients in two randomized clinical trials (RCT).7,8Furthermore, outpatient
treatment has been proven safe in selected patients but most studies on this topic only
included uncomplicated acute diverticulitis patients. Patients with small abscesses may also
be candidates for treatment without antibiotics and outpatient treatment if their clinical
course would not differ from uncomplicated diverticulitis patients. However, studies on
abscess cut-off sizes and comparison of abscess patients with uncomplicated diverticulitis
patients are scarce. Most studies on this topic do not take the size of an abscess into account
and thereby consider all abscess patients as similar patients. Also, most studies have only
analysed the rates of adverse events in abscess patients but do not compare these results
with uncomplicated acute diverticulitis patients.

(without abscess) patients from the same three acute diverticulitis cohorts. The first was
a retrospective cohort from three Dutch hospitals (Onze Lieve Vrouwe Gasthuis, Meander
hospital and Sint Antonius hospital) including patients admitted to the hospital with a
primary episode of acute diverticulitis between January 2004 and January 2012.
(10)
The
second was a retrospective cohort from one Dutch hospital (Meander hospital) including
patients admitted to the hospital with acute diverticulitis between February 2012 and
January 2017. The third was a cohort of patients included in the Dutch randomised DIABOLO
trial.8 This RCT compared observational and antibiotic treatment for uncomplicated acute
diverticulitis (Hinchey 1a and 1b) and included primary acute diverticulitis patients from 22
Dutch hospitals between June 2010 and October 2012. Immunocompromised patients and
septic patients were excluded in this RCT. Duplicate patients were identified and included
once. To ensure the presence of an abscess in the Hinchey 1b group and the absence of an
abscess in the Hinchey 1a group, only patients with a computed tomography (CT) diagnosis
were included.
Outcomes and follow-up
Outcome measures were length of initial hospital stay, rates of complicated diverticulitis,
percutaneous abscess drainage, recurrent diverticulitis and sigmoid resection. Outcomes
were assessed at 3 months of follow-up and at the end of available follow-up. Clinical events
within the first 3 months after the initial acute diverticulitis diagnosis were considered as
related to this initial episode and therefore informative about the natural course of that
(initially) Hinchey 1a or Hinchey 1b episode. Clinical events later than 3 months could
be attributed to subsequent recurrent episodes and were therefore analysed separately.
Complicated diverticulitis was defined by a diverticular abscess, perforation, colonic
obstruction demanding an intervention and fistula. In the Hinchey 1a group any subsequent
abscess was considered as complicated diverticulitis, whereas in the Hinchey 1b group, since
an abscess was already present, abscesses that were percutaneously or surgically drained
were considered as complicated diverticulitis. Recurrent diverticulitis was defined by an
episode occurring after at least 3 months after presentation of the initial episode. These
could be diagnosed by imaging (CT or ultrasound) or clinically, although most recurrent
episodes were imaging-proven. Additionally, outcomes were visualized according to abscess
size as reported in the initial CT reports; abscesses up to 1.9cm, abscesses from 2.0 to 2.9cm,
from 3.0 to 3.9cm and from 4.0 to 5.0cm.
Statistical analysis
For categorical variables numbers and percentages were calculated and continuous variables
are expressed as median and interquartile range (IQR) as these data are not normally
distributed. First, short-term (3 months) outcomes were compared using chi-square,
Fisher’s exact or the Mann-Whitney U test, as appropriate. Second, long-term outcomes
(at end of follow-up) were assessed using cox regression to account for differences in
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length of follow-up among groups. Multivariable cox regression was used to assess Hinchey
stage as independent risk factor for adverse events. Patient characteristics and clinical
parameters that were univariably associated (p<0.10) with the outcome were entered in to
the multivariable cox regression model. Continuous variables (e.g. age or c-reactive protein
(CRP)) were entered into the model as continuous variables. All risk estimates are expressed
as hazard ratios (HR) with 95% confidence intervals (95% CI). Third, short-term and longterm analyses were repeated with adjustment for clustering of data. Since the data from
three cohorts was used, differences between cohorts in e.g. outcome assessment or followup could have had an effect on the outcomes. Likewise, differences between hospitals
in e.g. treatment protocols could have had an effect on the outcomes. The short-term
comparison was adjusted by fitting a generalized linear mixed model for each outcome. For
dichotomous outcomes a logistic regression mixed model was used, for the only continuous
outcome (length of hospital stay) a gamma regression distribution was chosen due to the
right-skewed data. Hinchey stage was entered as fixed effect and study or hospital were
entered as random effect. Since the Meander hospital was part of all three study cohorts
and provided 53% (892/1676) of all patients, short-term results were additionally compared
between patients from the Meander hospital and the other hospitals combined. The longterm cox regression analyses were adjusted by entering study or hospital as covariable
in each multivariable model. A two-sided p<0.05 was considered statistically significant.
STROBE guidelines for reporting were followed.(11)
All analyses were performed using SPSS,
version 24.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
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A total of 1676 patients was included; 1547 Hinchey 1a patients (without an abscess) and
129 Hinchey 1b patients (with an abscess < 5cm). The DIABOLO trial provided 528 patients
(42 Hinchey 1b), the multicentre cohort study 649 patients (48 Hinchey 1b) and the single
centre cohort study provided 499 patients (39 Hinchey 1b). The total follow-up duration
was median 18.1 (2.8-24.1) months. Baseline characteristics were mostly comparable
among Hinchey 1a and Hinchey 1b patients. (Table 1) The duration of symptoms before
presentation was slightly longer in the Hinchey 1b group (median 3 versus 5 days). White
blood cell counts were only slightly higher in the abscess group; c-reactive protein (CRP)
levels were considerably higher in the abscess group (median 139 versus 83 mg/L).
Hinchey 1a versus 1b
On short-term, within 90 days after presentation, Hinchey 1b patients suffered from a more
virulent disease course. (Table 2) Whereas the length of hospital stay was only slightly – but
significantly – longer in the Hinchey 1b group (median 4 versus 3 days), the differences
in adverse events were more clinically relevant. Significantly more Hinchey 1b patients
developed complicated diverticulitis compared to the Hinchey 1a group (14.0% (18/129)
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Table 1. Baseline characteristics of patients according Hinchey stage.
Age (years)#
Male gender
ASA classification
1
2
≥3
Duration of symptoms (days)* a
Body temperature (°C)* b
9
White blood cell count (x 10
cells/l)* c
d
C-reactive protein (mg/l)*
Antibiotic treatment e
Follow-up duration (months)*
Follow-up at least 3 months

Hinchey 1a
(N=1547)
57.9 (12.7)
672 (43.3)

Hinchey 1b
(N=129)
58.9 (14.4)
65 (50.4)

784 (50.7)
64 (49.6)
628 (40.6)
52 (40.3)
135 (8.7)
13 (10.1)
3 (2-5)
5 (3-7)
37.4 (36.9-38.0) 37.5 (37.1-38.2)
11.9 (9.9-14.5) 13.2 (10.6-16.5)
83 (44-133)
139 (72-209)
379 (34.9)
33 (36.7)
18.5 (2.8-24.1) 11.8 (2.8-24.0)
1146 (74.1)
94 (72.9)

Values in parentheses are percentages unless indicated otherwise; #values are mean (standard deviation); *values
b
c
d
e
are median (interquartile range); a 173 missing;
104 missing;
23 missing;
21 missing;
500 missing

versus 5.2% (80/1547) respectively; p<0.001). This difference was mostly explained by
differences in abscesses (6.2% versus 1.0%) and perforation (3.1% versus 1.2%). Also rates
of sigmoid resection within these first 90 days were significantly higher in the Hinchey 1b
group (14.0% (18/129) versus 6.7% (103/1547); p=0.002). The higher rate of compl
diverticulitis in the Hinchey 1b group was also reflected in a higher emergency surgery rate
in the Hinchey 1b group (6.2% versus 2.7%).
Table 2.Comparison of outcomes within 90 days after presentation between Hinchey 1a
and Hinchey 1b patients.
Length of hospital stay (days)#a

Hinchey 1a
(N=1547)
3 (2-5)

Hinchey 1b
(N=129)
4 (3-8)

P-value

Complicated diverticulitis
Type Abscess
Perforation
Obstruction
Fistula
Percutaneous abscess drainage

80 (5.2)
16 (1.0)
19 (1.2)
31 (2.0)
13 (0.8)
3 (0.2)

18 (14.0)
8 (6.2)
4 (3.1)
4 (3.1)
2 (1.6)
5 (3.9)

<0.001

Sigmoid resection
Type Emergency
Elective

103 (6.7)
42 (2.7)
61 (4.9)

18 (14.0)
8 (6.2)
10 (7.8)

0.002

<0.001

<0.001

Values in parentheses are percentages unless indicated otherwise; #values are median (interquartile range); a 451
missing

Cox regression analysis of long-term outcomes showed similar results. Hinchey stage 1b was
a significant risk factor for both complicated diverticulitis (HR 2.56, 95% CI 1.67-4.04) and
sigmoid resection (HR 2.03, 95% CI 1.43-2.88). However, Hinchey 1b patients were not at
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higher risk for recurrent diverticulitis (HR 0.96, 95% CI 0.55-1.65). Also with adjustment for
patient characteristics and clinical parameters, Hinchey 1b appeared to be an independent
risk factor for complicated diverticulitis and sigmoid resection. (Table 3) Correction for
clustering of the data by adjustment for study or hospital yielded comparable results.
(Supplementary tables 1, 2, 3, 4 and 5)
Table 3. Univariable and multivariable analysis of Hinchey stage 1b and abscesses smaller
than 3 centimeters as risk factors for complicated diverticulitis, recurrent diverticulitis
and sigmoid resection. Multivariable analyses included patient characteristics and clinical
parameters that were univariably associated with the outcome, expressed as hazard ratios
(HR).

Hinchey stage 1b
Univariable
Multivariable*
Abscess < 3cm
Univariable
Multivariable*

Complicated
diverticulitis
HR (95% CI)

Recurrent
diverticulitis
HR (95% CI)

Sigmoid
resection
HR (95% CI)

2.56 (1.67-4.04)
0.96 (0.55-1.65)
2.03 (1.43-2.88
)
2.22 (1.39-3.55)
0.94 (0.55-1.63)
1.85 (1.26-2.70)
1.10 (0.41-2.98)
1.33 (0.62-2.84)
0.81 (0.36-1.81)
1.06 (0.39-2.91)
1.24 (0.58-2.65)
0.72 (0.32-1.64)

* Complicated diverticulitis adjusted for age, American Society of Anesthesiologists (ASA) class, symptom duration,
c-reactive protein (CRP) at presentation and white blood cell count at presentation; recurrent diverticulitis adjusted
for age; sigmoid resection adjusted for age, ASA class, symptom duration and CRP at presentation.

The effect of abscess size on adverse events
Although the Hinchey classification has set the limit for small abscesses (Hinchey 1b) at 5
centimetres, the outcomes for different cut-off sizes were reviewed. From 86 out of the 129
Hinchey 1b patients the abscess size was known. It seemed that patients with an abscess
of 3 centimetres or larger developed complicated diverticulitis more often and that they
underwent a sigmoid resection slightly more often, compared to patients with smaller
abscesses. (Figure 1)
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Therefore, short-term and long-term analyses were repeated and outcomes were compared
between patients without an abscess (Hinchey 1a) and patients with an abscess smaller
than 3 centimetres (48 patients). In the short-term comparison (within 90 days), patients
with an abscess smaller than 3 centimetres did not develop complicated diverticulitis more
often (6.3% (3/48) in the abscess group versus 5.2% (80/1547) in the Hinchey 1a group) and
did not undergo sigmoid resection more often (8.3% (4/48) in the abscess group versus 6.7%
(103/1547) in the Hinchey 1a group) than truly uncomplicated patients. (Table 4)
Analyses of long-term adverse outcomes showed comparable results in both the univariable
as well as the multivariable analyses; abscess smaller than 3 centimetres was no independent
risk factor for complicated diverticulitis (HR 1.06, 95% CI 0.39-2.91), for recurrent diverticulitis
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Complicated diverticulitis
Recurrent diverticulitis

30

Sigmoid resection

20
10

(n
=1
5)
4

cm

(n
=2
3)
cm
3

cm
2

cm
1

(n
=3
3)

0
(n
=1
5)

Percentage with adverse event

40

Figure 1. Percentages of patients with complicated diverticulitis, recurrent diverticulitis and
sigmoid resection during follow-up according to size of pericolic abscess at presentation
(1cm, 2cm, 3cm or 4cm).

Table 4.Comparison of outcomes within 90 days after presentation between patients
without an abscess and patients with a pericolic or mesocolic abscess smaller than 3cm.
Length of hospital stay (days)#a
Complicated diverticulitis
Type Abscess
Perforation
Obstruction
Fistula
Percutaneous abscess drainage
Sigmoid resection
Type Emergency
Elective

Hinchey 1a
(N=1547)
3 (2-5)
80 (5.2)
16 (1.0)
19 (1.2)
31 (2.0)
13 (0.8)
3 (0.2)
103 (6.7)
42 (2.7)
61 (4.9)

Abscess <3cm
(N=48)
3 (2-4)
3 (6.3)
1 (2.1)
1 (2.1)
1 (2.1)
0 (0.0)
1 (2.1)
4 (8.3)
1 (2.1)
3 (6.3)

P-value
0.724
0.736

0.115
0.559

Values in parentheses are percentages unless indicated otherwise; #values are median (interquartile range); a 439
missing

(HR 1.24, 95% CI 0.58-2.65), and for sigmoid resection (HR 0.72, 95% CI 0.32-1.64). (T
Correction for clustering of data yielded comparable results. (Supplementary tables 6 and 7)

DISCUSSION
This observational study demonstrated that acute diverticulitis patients with a pericolic
or mesocolic abscess up to 5 centimetres were at higher risk for developing complicated
diverticulitis or undergoing sigmoid resection on short-term and long-term, but did not
develop recurrent diverticulitis more often than uncomplicated diverticulitis patients.
However, the subgroup of patients with an abscess smaller than 3 centimetres showed a
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comparable clinical course to uncomplicated patients.

Three more studies have studied clinical outcomes of patients with small or large abscesses of
which two studies also included a comparison with an uncomplicated diverticulitis group. All
three studies did not base the limit between small and large abscesses on clinical outcomes
but predefined the limit without an explanation. These studies seem to support that 3
centimetres may be the optimal cut-off size. In a retrospective cohort study, patients with
an abscess smaller than 3 centimetres show comparable rates of the combined endpoint
‘minimal care’, indicating a beneficial disease course.14 In another retrospective cohort study,
none of the patients with an abscess smaller than 3 centimetres needed an intervention,
whereas from the 8 patients with an abscess larger than 3 centimetres four patients
needed percutaneous abscess drainage and one patient underwent emergency surgery.15 A
prospective study applying the modified Neff classification, shows less favourable outcomes
when patients with an abscess up to 4 centimetres are evaluated.16 Only 1% (5/408) of
patients with uncomplicated diverticulitis underwent emergency surgery, whereas 10%
(5/49) of patients with an abscess up to 4 centimetres needed emergency surgery and 4%
(2/49) of patients underwent percutaneous drainage.
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Several acute diverticulitis classifications have been developed to grade the disease severity
and to select the adequate treatment strategy. From the first Hinchey classification, not
all abscesses were considered the same.12At first, the location of the abscess defined the
disease stage, but abscess sizes appeared to be more important, and a distinction in size
was adopted in more recent classifications. Although a specific limit for a small pericolic
abscess (Hinchey 1b) was not defined in the initial modified Hinchey classification9, most
studies used a 5 centimetres limit because only abscesses larger than 5 centimetres were
considered technically suitable for percutaneous drainage. This has led to usage of the 5
centimetres’ limit for patient selection in trials such as the DIABOLO trial.8 However, this limit
has not been set based on clinical patient data but on technical feasibility. Nowadays, smaller
abscesses could be percutaneously drained due to technical improvement. Therefore, the
limit for small or large abscesses should no longer be based on technical feasibility but
on patient outcomes. Several new acute diverticulitis classifications have been proposed
of which two categorise abscesses into small and large. The modified Neff classification
classifies an abscess smaller than 4 centimetres as stage 1b and abscesses larger than 4
centimetres as stage 2, but no explanation or scientific support for this limit is provided.13
Sallinen et al. created a new classification in which the limit for a small or large abscess was
set to 6 centimetres because abscesses larger than 6 centimetres were most significantly
associated with poor outcome (being mortality within 30 days, need for surgery, intensive
5
care admission or hospital stay longer than 14 days).
The most appropriate limit may be the
size up to which patients can cure their abscess themselves without (invasive) treatment
and for which additional treatment is needed above that limit.

A strength of this study is the relatively large number of Hinchey 1b abscess patients. Since
diverticular abscesses are much less common than uncomplicated or perforated diverticulitis,
most published series are small. Furthermore, all patients in the present study underwent
CT imaging. Also, this study provided a comparison to uncomplicated diverticulitis patients
from the same hospitals as the diverticular abscess patients. This enabled putting diverticular
abscesses in perspective with other acute diverticulitis patients and showed that patients
with an abscess smaller than 3 centimetres can possibly be considered uncomplicated. A
limitation is that the abscess size was not available for all patients and CTs were not reevaluated to obtain the missing abscess sizes. The comparison between patients with
uncomplicated diverticulitis and patients with an abscess smaller than 3 centimetres lacks
sufficient statistical power in particular, risking type 2 error. Therefore, definite conclusions
cannot be drawn. Although given the paucity of data on this topic, this study provides
interesting new insights in the treatment of diverticular abscesses. It may even be justified
to adapt management of these patients based on these results, since current management
is mostly based on assumptions and expert opinion. Besides the smaller sample size for
the abscess size analysis, selection bias may have been introduced. However, since the size
of an abscess is measured at the initial CT review before any clinical outcome occurred or
was known, the risk of selection bias is considered to be limited. Another limitation is the
origin of the data. Three patient cohorts were included, each with a different study goal and
with different ways of data gathering. The wide variety of hospitals included in the present
study increased the heterogeneity but improved the generalisability of the results. Since
all hospitals were from the Netherlands and all applied one national acute diverticulitis
guideline, differences in treatment strategies were probably small. Also, additional analyses
with correction for clustering of the data by study or by hospital revealed comparable results.
The lack of a clinical foundation for the abscess size from which an abscess should be
drained is reflected in the variety of recommendations in guidelines. Some recommend
percutaneous abscess drainage for abscesses larger than 3 centimetres,4,17
others from 3 to
6
4 centimetres18 or from 4 to 5 centimetres.
Those recommendations are based on minimal
evidence and one guideline notes that solid supporting evidence for this limit is lacking.17
Some guidelines do not even cover the treatment of diverticular abscesses.19 Results from
the present study demonstrate that diverticular abscesses smaller than 3 centimetres can
possibly be considered uncomplicated diverticulitis. It is likely that patients can cure these
small abscesses themselves without intervention. Abscesses of 3 centimetres or larger more
often cause complications and may need invasive treatment. Although abscesses larger
than 5 centimetres were not included in the present study, it is likely that large abscesses
also require percutaneous abscess drainage and therefore do not need to be classified
differently from abscesses between 3 and 5 centimetres. Therefore, abscesses can still be
divided in small (smaller than 3 centimetres) and large (3 centimetres or larger) abscesses.
Small abscesses can be treated conservatively and these patients may even be candidates
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for outpatient treatment. Large abscesses need percutaneous abscess drainage whenever
possible.
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2 (0.2)
70 (8.5)

Length of hospital stay (days)#a
Complicated diverticulitis

Percutaneous abscess drainage
Sigmoid resection
3 (4.3)
11 (15.7)

Hinchey 1b
(N=70)
5 (3-8)
11 (15.7)
0.004
0.044

<0.001
0.005

P-value

1 (0.1)
33 (4.6)

Hinchey 1a
(N=725)
3 (2-4)
30 (4.1)

Values in parentheses are percentages unless indicated otherwise; #values are median (interquartile range); a 451 missing

Hinchey 1a
(N=822)
3 (2-5)
50 (6.1)

Meander hospital

2 (3.4)
7 (11.9)

Hinchey 1b
(N=59)
4 (2-7)
7 (11.9)

Other hospitals

0.016
0.025

0.008
0.016

P-value

Supplementary table 1.Comparison of outcomes within 90 days after presentation between Hinchey 1a and Hinchey 1b patients in patients
from the Meander hospital and other hospitals.

SUPPLEMENTARY MATERIAL

Supplementary table 2. Comparison of outcomes within 90 days after presentation between
Hinchey 1a and Hinchey 1b patients. Three analyses are shown; without correction for
clustering of data, with correction for clustering by study and with correction for clustering
by hospital.
Hinchey Hinchey 1b P-value
1a
(N=129) Unadjusted
(N=1547)
Length of hospital stay (days)# a
Complicated diverticulitis
Type Abscess
Perforation
Obstruction
Fistula
Percutaneous abscess drainage$
Sigmoid resection
Type Emergency
Elective

P-value
Adjusted
for study

P-value
Adjusted
for
hospital
3 (2-5) 4 (3-8) <0.001 <0.001 <0.001
80 (5.2)18 (14.0)<0.001 <0.001 <0.001
16 (1.0) 8 (6.2)
19 (1.2) 4 (3.1)
31 (2.0) 4 (3.1)
13 (0.8) 2 (1.6)
3 (0.2) 5 (3.9) <0.001
103 (6.7)
18 (14.0) 0.002 0.002 0.001
42 (2.7) 8 (6.2)
61 (4.9) 10 (7.8)
$

Chapter 9

Values in parentheses are percentages unless indicated otherwise; #values are median (interquartile range);
Adjustment for study and hospital not possible due to low number of events; a 451 missing
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Supplementary table 3. Univariable and multivariable cox regression analysis assessing
patient characteristics and clinical parameters associated with complicated diverticulitis,
expressed as hazard ratios (HR). Three multivariable models were created; without
correction for clustering of data, with correction for clustering by study and with correction
for clustering by hospital.
Univariable
HR (95% CI)

Multivariable
HR (95% CI)

Multivariable
HR (95% CI)
Adjusted for
study

Multivariable
HR (95% CI)
Adjusted for
hospital

Gender
Female
Male
1.09 (0.78-1.52)
Age
Each year increase 1.03 (1.02-1.04)
ASA
Each class increase 1.63 (1.29-2.05)
Symptom durationa
Each day increase 1.02 (1.01-1.04)
Temperature at
presentationb
Each °C increase
1.09 (0.87-1.36)
CRP at presentationc
Each mg/L increase 1.01 (1.01-1.01)
WBC at presentationd
Each 109 / L
1.03 (1.01-1.06)
increase
Antibiotic treatmente
Yes
No
1.18 (0.75-1.86)
Hinchey stage
1a (no abscess)
1b (abscess < 5cm)2.56 (1.67-4.04)
2.22 (1.39-3.55)
2.05 (1.28-3.29)
2.24 (1.40-3.60)
Abscess
No
< 3cm
1.10 (0.41-2.98)
1.06 (0.39-2.91)
1.06 (0.39-2.91)
1.06 (0.39-2.91)
Abbreviations: ASA, American Society of Anesthesiologists; CRP, C-reactive protein; WBC, white blood cell count. a
b
c
d
e
173 missing,
104 missing,
21 missing,
23 missing,
500 missing
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Supplementary table 4. Univariable and multivariable cox regression analysis assessing
patient characteristics and clinical parameters associated with recurrent diverticulitis,
expressed as hazard ratios (HR). Three multivariable models were created; without
correction for clustering of data, with correction for clustering by study and with correction
for clustering by hospital.
Univariable
HR (95% CI)

Age
ASA

0.98
(0.97-0.99)

Each class increase

0.87
(0.70-1.10)

Temperature at
presentationb
Each °C increase
CRP at presentationc
Each mg/L increase
WBC at presentationd
Each 109 / L
increase
Antibiotic treatmente
Yes
No
Hinchey stage
1a (no abscess)
1b (abscess < 5cm)
Abscess
No
< 3cm

Multivariable
HR (95% CI)
Adjusted for
hospital

0.96
(0.72-1.29)

Each year increase

Symptom durationa
Each day increase

Multivariable
HR (95% CI)
Adjusted for
study

1.00
(0.98-1.02)
1.02
(0.84-1.23)
1.00
(1.00-1.00)
0.99
(0.96-1.03)
0.91
(0.64-1.30)
0.96
0.94
0.92
0.94
(0.55-1.65)(0.55-1.63)(0.54-1.59) (0.54-1.62)
1.33
1.24
1.38
1.26
(0.62-2.84)(0.58-2.65)(0.65-2.95) (0.59-2.68)

Abbreviations: ASA, American Society of Anesthesiologists; CRP, C-reactive protein; WBC, white blood cell count. a
b
c
d
e
173 missing,
104 missing,
21 missing,
23 missing,
500 missing
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Gender
Female
Male

Multivariable
HR (95% CI)

Supplementary table 5. Univariable and multivariable cox regression analysis assessing
patient characteristics and clinical parameters associated with sigmoid resection, expressed
as hazard ratios (HR). Three multivariable models were created; without correction for
clustering of data, with correction for clustering by study and with correction for clustering
by hospital.
Univariable
HR (95% CI)
Gender
Female
Male
Age
ASA

Multivariable
HR (95% CI)

1.01
(1.00-1.02)

Each class increase

1.41
(1.18-1.68)

Temperature at
presentationb
Each °C increase
CRP at presentationc
Each mg/L increase
WBC at presentationd
Each 109 / L
increase
Antibiotic treatmente
Yes
No
Hinchey stage
1a (no abscess)
1b (abscess < 5cm)
Abscess
No
< 3cm

Multivariable
HR (95% CI)
Adjusted for
hospital

0.86
(0.67-1.10)

Each year increase

Symptom durationa
Each day increase

Multivariable
HR (95% CI)
Adjusted for
study

1.02
(1.01-1.03)
1.03
(0.87-1.21)
1.00
(1.00-1.01)
1.00
(0.97-1.03)
1.24
(0.89-1.71)
2.03
1.85
1.75
1.81
(1.43-2.88
)
(1.26-2.70)(1.19-2.58) (1.23-2.65)
0.81
0.72
0.77
0.72
(0.36-1.81)(0.32-1.64)(0.34-1.74) (0.32-1.64)

Abbreviations: ASA, American Society of Anesthesiologists; CRP, C-reactive protein; WBC, white blood cell count. a
b
c
d
e
173 missing,
104 missing,
21 missing,
23 missing,
500 missing
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Supplementary table 6. Comparison of outcomes within 90 days after presentation between
patients without an abscess and patients with a pericolic abscess smaller than 3cm.
Meander hospital
Hinchey
1a
Length of hospital stay
(days)#a
Complicated diverticulitis
Percutaneous abscess
drainage
Sigmoid resection

Abscess P-value
<3cm
(N=21)

Other hospitals
Hinchey
1a

Hinchey
1b

P-value

(N=822)
3 (2-5) 3 (2-7) 0.568

(N=725) (N=27)
3 (2-4) 3 (2-4) 0.414

50 (6.1) 2 (9.5) 0.376

30 (4.1) 1 (3.7) 1.000

2 (0.2)

1 (0.1)

1 (4.8) 0.073

70 (8.5) 2 (9.5) 0.698

0 (0.0) 1.000

33 (4.6) 2 (7.4) 0.361

Chapter 9

Values in parentheses are percentages unless indicated otherwise; #values are median (interquartile range); a 439
missing
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Supplementary table 7. Comparison of outcomes within 90 days after presentation between
patients without an abscess and patients with a pericolic abscess smaller than 3cm.
Hinchey 1a

Abscess
P-value
<3cm
(N=1547) (N=48) Unadjusted

P-value
Adjusted
for study

Length of hospital stay (days)# a

3 (2-5)

3 (2-4)

0.724

0.773

P-value
Adjusted
for
hospital
0.595

Complicated diverticulitis
Type Abscess
Perforation
Obstruction
Fistula
Percutaneous abscess drainage$

80 (5.2)
16 (1.0)
19 (1.2)
31 (2.0)
13 (0.8)
3 (0.2)

3 (6.3)
1 (2.1)
1 (2.1)
1 (2.1)
0 (0.0)
1 (2.1)

0.736

0.484

0.641

0.115

-

-

Sigmoid resection
Type Emergency
Elective

103 (6.7)4 (8.3)
42 (2.7) 1 (2.1)
61 (4.9) 3 (6.3)

0.559

0.278 0.467

Values in parentheses are percentages unless indicated otherwise; #values are median (interquartile range);
Adjustment for study and hospital not possible due to low number of events; a 439 missing
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CHAPTER 10
A systematic review of pericolic extraluminal
air in left-sided acute colonic diverticulitis

S.T. van Dijk
S.A.N. Doelare
A.A.W. van Geloven
M.A. Boermeester

Surgical Infections 2018 May/Jun;19(4):362-368.

ABSTRACT
Background
Although approximately 15% of all patients with acute colonic diverticulitis have
pericolic extraluminal air found on computed tomography (CT), studies on the natural
course and treatment of these patients are scarce. It is not clear whether these
patients behave as mild uncomplicated diverticulitis or as severe diverticulitis needing
more aggressive treatment. Consequently, there is no consensus about the treatment,
guidelines do not discuss this group of patients, and physicians treat these patients
based on their own experiences and opinion. An evidence-based approach is needed
to prevent overtreatment or undertreatment in patients with pericolic extraluminal
air.
Methods
PubMed and EMBASE databases were searched for all studies reporting clinical
outcomes of the initial diverticulitis episode of CT-proven left-sided colonic
diverticulitis. Primary outcome measures were the need for emergency surgery and
percutaneous abscess drainage.
Results
A total of eight studies with 251 patients with pericolic extraluminal air were included.
Rates of emergency surgery in isolated patients with pericolic extraluminal air were
reported in six studies, yielding a pooled rate of 6% (95% confidence interval [CI]
3%–12%). In three studies reporting a combined total of only 56 patients, no patient
underwent percutaneous abscess drainage. The long-term (6 mo) need for surgery
was 38% in one study, although reasons for surgery were lacking.
Conclusion
An initial 94% success rate of non-operative treatment in left-sided colonic diverticulitis
patients with pericolic extraluminal air seems to justify a conservative approach
including antibiotic agents. Low-quality evidence indicates the need for surgery in up
to 38% in the medium-long term.
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INTRODUCTION
Diverticular disease is among the top five of the most burdensome gastrointestinal
diseases in the Western world.1 Acute diverticulitis, the inflammatory complication of
2
diverticular disease, accounts for approximately 150,000 emergency admissions annually.
Approximately one-third of admitted patients with diverticulitis present with complicated
disease, two-thirds present with uncomplicated disease.3,4 Large abscesses, free
perforation, obstruction, and fistula are generally considered complicated diverticulitis and
need interventional treatment. Also, these complications are clearly categorized in several
diverticulitis classifications.
Pericolic extraluminal air (also termed covered perforation, micro- perforation, or localized
perforation) is found in approximately 15% of all patients with acute diverticulitis on
computed tomography.5,6Despite this relatively large proportion of patients, studies on
the natural course and optimal treatment of pericolic extraluminal air are scarce. It is not
clear whether pericolic extraluminal air should be considered uncomplicated or complicated
diverticulitis, whether patients have a higher need for emergency surgery, whether patients
are at high risk for progression to abscesses or free perforation, whether patients should be
treated with antibiotic agents, or should be excluded for outpatient treatment. Only one
guideline discusses the treatment of pericolic extraluminal air and recommends routine
antibiotic treatment based on expert opinion without discussing any literature.7 Moreover,
commonly used diverticulitis classifications do not clarify the place of pericolic extraluminal
air in the diverticulitis spectrum. The Ambrosetti classification only describes extraluminal
air as severe diverticulitis and the modified Hinchey classification does not include this
type of diverticulitis.8,9This lack of consensus about the nature of pericolic extraluminal
air and treatment based on the experiences or opinion of individual physicians causes a
risk of overtreatment or undertreatment. In summary, pericolic extraluminal air in acute
colonic diverticulitis patients is in need of evidence-based treatment. This systematic review
sought to gather all available evidence on the natural course and treatment of patients with
pericolic extraluminal air to be able to make an evidence-based recommendation for the
treatment of these patients.

Study identification
Two authors (SvD and SD) searched PubMed and EMBASE databases independently with
the following search terms: diverticulitis, diverticular, complicated, perforation, air, micro
perforation, pneumoperitoneum, bubble, and gas (Supplementary Table S1; see online
supplementary material at http://www.liebertpub.com/sur). No language limits were
applied. The search was limited by dates later than 1980 and the last search was performed
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METHODS

in February 2017. Reference lists of obtained articles were reviewed for any omitted studies.
Meta-analysis of Observational Studies in Epidemiology (MOOSE) guidelines for reporting
were followed.10 A review protocol for this systematic review was not published or registered
before this study was undertaken.
Study selection
Studies that were considered for eligibility included randomized clinical trials; prospective
cohort studies and retrospective cohort studies; studies that reported outcomes of leftsided colonic diverticulitis patients with isolated pericolic extraluminal air; and studies
confirmed with computed tomography (CT). No specific definition of pericolic extraluminal
air was required, although a clear distinction from free air was required. Studies that only
included patients who underwent emergency surgery were excluded. Reviews, letters, case
reports, and case series smaller than five patients were also excluded. The two reviewers
independently considered all studies retrieved from the search for eligibility against these
criteria. Any disagreements were resolved through discussion.
Quality assessment
The two reviewers (SvD and SD) appraised each study critically using the Newcastle Ottawa
Quality Assessment Scale for cohort studies.11 Any disagreements were resolved through
discussion.
Data extraction
The two reviewers (S.vD. and S.D.) reviewed each included article independently. Each
reviewer extracted the data on a predefined evidence table, after which the two tables were
compared. Any disagreements were resolved through discussion. Data collected from each
article was study design and setting; inclusion and exclusion criteria for the study; routine
treatment protocol; definition of pericolic extraluminal air; type of patients in the control
group; reported outcome measures with results; and follow-up period. The corresponding
author was contacted if reported results were insufficient for use in this systematic review.
Outcome measures
Primary outcome measures were need for emergency surgery and/or need for percutaneous
abscess drainage during the initial acute diverticulitis episode. Other outcome measures
that described the disease course of the acute diverticulitis episode were also reviewed as
secondary outcome.
Statistical analysis
The rates of need for emergency surgery in the pericolic extraluminal air group were pooled
and displayed using a forest plot and a random effects model. Statistical heterogeneity was
assessed using χ2 and I2. Statistical analyses were conducted using RStudio (RStudio Inc.,
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Boston, MA).

RESULTS
Systematic review
The search retrieved 5,857 studies. After removal of 1,315 duplicates, the titles and
abstracts of 4,542 studies were screened. A total of 4,353 studies were excluded after which
189 full-text articles were assessed for eligibility. Eight studies fulfilled the inclusion and
exclusion criteria and were included in this review. The search strategy is shown in Figure 1.
The reasons for exclusion of the remaining 181 full-text articles are listedSupplementary
in
Tables S2A and 2B
.
Study characteristics
Three prospective cohort studies12-14
and five retrospective cohort studies6,15-18
were included.
Six studies were conducted in Europe and two studies in the United States. Although all
studies separated patients with pericolic extraluminal air from patients with distant free
air, a variety of definitions for pericolic extraluminal air was used. Only three studies clearly
specified the location of the extraluminal air as within 5 cm of the inflamed bowel segment.
Other studies applied definitions such as “contained perforation,” “localized pericolic free
air,” and “air within the mesentery.” Because pericolic extraluminal air was not the primary
aim of all studies, some studies applied inclusion criteria that may have caused selection
bias for patients with pericolic extraluminal air. Specifically, a Spanish study only included
patients without comorbidity and with absence of all systemic inflammatory response
syndrome (SIRS) criteria.13

Population characteristics
A total of 251 patients with pericolic extraluminal air were included in this review. Rates of
emergency surgery were reported in 195 patients and percutaneous abscess drainages in
only 56 patients.
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In six studies all patients were treated with antibiotic agents, one study14 only treated
some of the patients with antibiotic agents, and one study18 did not mention antibiotic
treatment at all. The most reported outcome measure was need for emergency surgery
(seven studies), followed by need for percutaneous abscess drainage (three studies). One
study only reported a long-term outcome, namely, need for surgery within six months.17
A control group was included in three studies, whereas only one study13 compared the
patients with pericolic extraluminal air to patients with uncomplicated diverticulitis. The
other two studies14,18
made a comparison of a group of patients containing perforations or
abscesses. The complete evidence table is shown in Supplementary Table S3and a summary
of the included studies and results is shown in Table 1.

Figure 1.Preferred Reporting Items for Systematic Reviews and Meta-Analyses (RISMA)
flow diagram.22
Critical appraisal
Table 2shows the Newcastle Ottawa risk of bias assessment. The main factors leading to
risk of bias were the lack of control groups or the nonrepresentative nature of the control
groups. Furthermore, only a few studies reported the duration of follow-up. Therefore, it is
not clear if all studies reporting the need for emergency surgery had comparable follow-up
duration and if the follow-up duration was sufficient to detect the true need for emergency
surgery during the diverticulitis episode of pericolic extraluminal air.
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Pros

Retro

Retro

Retro

Mora
13
2013

Nelson
17
2008

Sallinen
6
2014
Sallinen
18
2015

Hinchey stage 1a or
1b

No selection

No comorbidity or
SIRS

No selection

Some

NR

Yes

Yes

Yes

Yes

Yes

Initial
hospital stay
NR

6 months

NR

NR

NR

NR

NR

NR

All patients
including abscess
or free fluid
All patients
Initial
including abscess hospital stay

None

None

No perforation

None

None

NR

Follow-up

Need for emergency
surgery

Need for emergency
surgery
Need for emergency
surgery

Need for emergency
surgery
Need for percutaneous
abscess drainage
Need for emergency
surgery
Need for percutaneous
abscess drainage
Need for emergency
surgery
Need for percutaneous
abscess drainage
Need for surgery within
6 months

Need for emergency
surgery

Outcome

Chapter 10

Results

PEA 7.7% (2/26)*
CG 0.5% (3/596)

Adjusted OR 0.03 (95% CI
0.01-0.08)

1.2% (1/82)

PEA 0.0% (0/14)
CG 0.0% (0/54)
PEA 0.0% (0/14)
CG 0.0% (0/54)
37.5% (21/56)

0.0% (0/23)

0.0% (0/23)

0.0% (0/19)

10.5% (2/19)

9.7% (3/31)

Abbreviations: Pros, prospective cohort study; Retro, retrospective cohort study; NR, not reported; PEA, pericolic extraluminal air; CG, control group

* Numbers checked with authors due to incomplete data

Pros

No selection

Pros

Lahat
12
2013

Thorisson
14
2016

No selection

Retro

Dharma-rajan
16
2011

Selection and definitions
AntiControl group
biotics
Yes
None

Hemodynami-cally
stable, no surgery
<24h from admission
Sufficient general
condition for surgery

Retro

Costi
15
2012

Patient selection

Design

Study

Table 1.Summary of included studies.
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Costi
2012
Dharmarajan 2011
Lahat
2013
Mora
2013
Nelson
2008
Sallinen
2014
Sallinen
2015
Thorisson
2016

Author + year

Observational cohort
studies

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)

C

⍟ (B)
⍟ (A)

⍟ (B)

Representativeness of
cohort

B

B

⍟ (A)

C

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)
⍟ (A)

⍟ (A)

⍟ (A)
C

C
C

C

Select-ion of Ascertnon-expos- ainme-nt of
ed cohort
expos-ure

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)
⍟ (A)

-

-

-

-

-

-

DemonCompastration that rability of
outco-me of cohorts
interest was
not present
at start
⍟ (A)

Table 2.Newcastle Ottawa risk of bias table of observational cohort studies.

⍟ (B)

⍟ (B)

⍟ (B)

⍟ (B)

⍟ (B)

⍟ (B)
⍟ (B)

⍟ (B)

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)

⍟ (A)
⍟ (A)

⍟ (A)

⍟ (B)

D

D

⍟ (A)

D

⍟ (B)
⍟ (B)

⍟ (B)

Assess-ment Follow up
Adequ-acy Total
of outco-me long enough of follow up
of cohorts

6

5

5

6

5

6
6

6

Primary outcomes: need for emergency surgery and percutaneous abscess drainage
Seven studies reported rates of emergency surgery. Six studies provided crude data and
could be pooled in a forest plot (Fig. 2). A pooled rate of 6% (95% CI 3%–12%) of patients
with pericolic extraluminal air underwent emergency surgery. One study18 only reported an
adjusted odds ratio for the need for emergency surgery (0.03, 95% CI 0.01–0.08). However,
because the control group consisted of all patients including free perforation, interpretation
of this odds ratio is difficult.

Figure 2.Forest plot of studies reporting rates of need for emergency surgery in patients
with pericolic extraluminal air.
The need for percutaneous abscess drainage was reported in only 3 studies.12,13,16
From a
combined total of 56 patients, no patients underwent percutaneous abscess drainage. A
comparison of rates of emergency surgery between patients with pericolic extraluminal air
and patients with uncomplicated diverticulitis was reported in only one study.13 In this study,
no patients underwent emergency surgery or percutaneous abscess drainage in both the
pericolic extraluminal air group and the uncomplicated control group.13
Secondary outcome
One study did not only assess emergency surgery rates during the initial acute diverticulitis
episode but reported a combined rate of emergency or elective surgery. This American
study found that 37.5% (21/56) of patients underwent surgery within six 17months.
Reasons
for these resections and the proportion of elective resections were not reported.

This systematic review found a 6% (95% CI 3%–12%) need for emergency surgery rate
in patients with isolated pericolic extraluminal air and left-sided colonic diverticulitis.
Furthermore, data on the need for percutaneous abscess drainage were insufficient to draw
conclusions. In the medium-long term (6 mo), need for surgery was 38% but reported in one
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study onlyand reasons for or timing of surgery were unclear.
Despite the frequent occurrence of pericolic extraluminal air in patients with acute
diverticulitis, little is known about the natural course and required treatment. Only six
studies reported the need for emergency surgery in this group of patients, and the number
of patients was low. Also, no earlier systematic review was performed. The lack of interest
in research on this frequent presentation of acute diverticulitis is remarkable. Consequently,
only one guideline discusses this group of patients and only makes a recommendation
based on expert opinion.7 Presumably, patients with pericolic extraluminal air are currently
treated based on personal experiences and opinions. It is unclear whether these patients are
considered to be uncomplicated and treated conservatively, or considered complicated and
treated more aggressively. This aggressive treatment may even include routine emergency
surgery because of the fear of subsequent clinical deterioration. This systematic review
showed that the vast majority of these patients has an initial benign course and does not
need an emergent intervention.
This review is limited mainly by the source of the data. All included studies were
observational cohort studies of which only three were prospective. Furthermore, the
applied methods in these patients differed or were described poorly. The follow-up duration
was not reported in five of eight studies and control groups were for the most part not
available or not representative. Also, most studies did not define the decision process for
emergency surgery, either for emergency surgery or for surgery during follow-up. Therefore,
it is unclear for which reasons the patients needed surgery. The influence of the clinical
condition of the patient at presentation was not described, and the presence of pericolic
extraluminal air itself may have been decisive in the subjective decision whether or not to
operate. The presence of extraluminal air may lower the threshold for surgery because of
the fear of progression into free perforation, thereby the presence of extraluminal air is a
self-fulfilling prophecy for surgery. Because some of the patients may develop an abscess
instead of free perforation, one may deliberate whether some patients could also have
been treated successfully with percutaneous drainage instead of surgery. However, the
need for percutaneous drainage was only reported in three studies including 56 patients.
Therefore, valuable information on the need for interventional treatment in these patients
is missing. Also, the role of antibiotic agents in the treatment of pericolic extraluminal air
remains unclear because almost all studies treated their patients with antibiotic agents
routinely or the studies did not state whether antibiotic treatment was used. A strength of
this systematic review is that although the available evidence is low quality and the number
of patients is relatively low, all currently published evidence on pericolic extraluminal air
was described because of the search and selection strategy. There were no selection criteria
regarding patient characteristics or outcome measures, and a broad search was performed.
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The 6% need for emergency surgery in patients with pericolic extraluminal air in this review is
slightly higher than the 1%–2% need for emergency surgery in patients with uncomplicated
diverticulitis reported in the literatur.19-21
However, because of the methodological
limitations of the included studies, this rate is an estimate and requires confirmation in larger
prospective studies applying a clearly defined treatment protocol. Moreover, percutaneous
abscess drainage is a frequently used modality to treat diverticular complications and
therefore information is needed whether these patients need drainage because of abscess
formation during the course of their disease. Although pericolic extraluminal air seems to
have a slightly more virulent course than uncomplicated diverticulitis, the 94% success rate
of initial nonoperative treatment in these patients seems to justify a conservative approach.
Because evidence on nonantibiotic treatment of these patients is lacking, routine antibiotic
treatment seems appropriate.
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SUPPLEMENTARY MATERIAL
Appendix table 1.Search strategy.
PubMed
Diverticulitis[Mesh] OR “diverticulitis, colonic”[Mesh] OR diverticulitis[tiab] OR
diverticular[tiab]
AND
Complicated[tiab] OR air[tiab] OR perforat*[tiab] OR microperforation[tiab] OR
pneumoperitoneum[tiab] OR bubbl*[tiab] OR gas[tiab]
EMBASE
1. diverticulitis/
2. “diverticulitis, colonic”/
3. diverticulitis.ti,ab,kw
4. diverticular.ti,ab,kw
5. 1 or 2 or 3 or 4
6. complicated.ti,ab,kw
7. air.ti,ab,kw
8. perforat*.ti,ab,kw
9. microperforation.ti,ab,kw
10. pneumoperitoneum.ti,ab,kw
11. bubbl*.ti,ab,kw
12.gas.ti,ab,kw
13. 6 or 7 or 8 or 9 or 10 or 11 or 12
14. 5 and 13
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Appendix table 2a.Excluded studies that could be eligible but lacked a homogeneous
patient group.
Reference:
Abbas 2010
Garcia 2016
Poletti 2004

Reason for exclusion:
Included, besides isolated pericolic air, one or more patients with
concurrent abscess or did not report the presence of abscesses
Included, besides isolated pericolic air, one or more patients with
concurrent abscess or did not report the presence of abscesses
Included, besides isolated pericolic air, one or more patients with
concurrent abscess or did not report the presence of abscesses

Reference:
Abitbul 2010
Adamova 2012
Akarsu 2016
Aldean 2012
Alecha 2014
Alvarez 2007
Alvarez 2009
Ambrosetti 2012
Ambrosetti 2010
Ambrosetti 2008
Ambrosetti 2002
Ambrosetti 1997
Ambrosetti 1998
Ambrosetti 1993
Ambrosetti 1992
Arminan 2012
Bahadursingh 2003
Bandera 2013
Ben Maamer 2012
Beuran 2009
Binda 2012
Binda 2012
Boudart 2008
Bridoux 2014
Buchs 2013
Carlson 2009
Chapman 2005
Chapman 2006
Chautems 2002
Companioni 2015

Reason for exclusion:
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No distinction made in types of extraluminal air in patients or outcome(s)
Case report or patient series smaller than 5 patients
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No distinction made in types of extraluminal air in patients or outcome(s)
Case report or patient series smaller than 5 patients
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No computed tomography used for confirmation of diagnosis
Irrelevant article type
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
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Appendix table 2b.Excluded studies.

Conde 2014
Costi 2011
Crozier Shaw 2015
Dixon 2014
Dorenkamp 2016
Edna 2014
Eglinton 2010
Eglinton 2009
Etzioni 2010
Fang 2003
Faria 2011
Farmakis 1994
Flor 2015
Focchi 2015
Freischlag 1986
Frileux 2010
Fung 2015
Fung 2012
Gala 2014
Gervaz 2012
Gielens 2012
Gorenstein 2010
Gouge 1983
Greif 1980
Griffith 2009
Guzzo 2004
Hachigian 1992
Ha 2015
Hall 2010
Hall 2011
Hansen 1998
Holmer 2011
Holmer 2011
Holzer 2001
Hong 2015
Horesh 2016
Horesh 2015
Ho 2015
Hsieh 2000
Humes 2009
Humes 2012
Hussain 2008
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Irrelevant article type
Irrelevant article type
Irrelevant article type
Irrelevant article type
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
Irrelevant article type
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
Case report or patient series smaller than 5 patients
Irrelevant article type
No computed tomography used for confirmation of diagnosis
Irrelevant article type
Only patients that underwent emergency surgery
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
No outcomes of interest reported
Only patients that underwent emergency surgery
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
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Illert 2001
No computed tomography used for confirmation of diagnosis
Isacson 2014
Irrelevant article type
Isacson 2014
Irrelevant article type
Isacson 2014
No distinction made in types of extraluminal air in patients or outcome(s)
Issa 2009
Only patients that underwent emergency surgery
Jacobsen 1996
No computed tomography used for confirmation of diagnosis
Jafferji 2014
Only patients that underwent emergency surgery
John 2007
No distinction made in types of extraluminal air in patients or outcome(s)
Jong 2010
No computed tomography used for confirmation of diagnosis
Jurowich 2011
No distinction made in types of extraluminal air in patients or outcome(s)
Kaewlai 2007
No distinction made in types of extraluminal air in patients or outcome(s)
Kaiser 2005
No computed tomography used for confirmation of diagnosis
Khalil 2014
Irrelevant article type
Kim 2014
Irrelevant article type
Kim 2010
No computed tomography used for confirmation of diagnosis
Kircher 2002
No distinction made in types of extraluminal air in patients or outcome(s)
Kotzampassakis 2010No distinction made in types of extraluminal air in patients or outcome(s)
Krzewicki 2006
No computed tomography used for confirmation of diagnosis
Langenfeld 2013
Irrelevant article type
Lauretta 2012
Irrelevant article type
Linhardt 1982
No computed tomography used for confirmation of diagnosis
Lohrmann 2005
Only patients that underwent emergency surgery
Lorimer 2007
No distinction made in types of extraluminal air in patients or outcome(s)
Macconaill 2014
Irrelevant article type
Mali 2016
No distinction made in types of extraluminal air in patients or outcome(s)
Makela 2009
No computed tomography used for confirmation of diagnosis
Manabe 2015
No computed tomography used for confirmation of diagnosis
Martinez 2011
Irrelevant article type
Mirza 2016
Irrelevant article type
Moghadayeghaneh
No computed tomography used for confirmation of diagnosis
2015
Moore 2013
Irrelevant article type
Moore 2012
Irrelevant article type
Morris 2008
No computed tomography used for confirmation of diagnosis
Morris 2003
No computed tomography used for confirmation of diagnosis
Morris 1986
No computed tomography used for confirmation of diagnosis
Morton 1995
No computed tomography used for confirmation of diagnosis
Mueller 2005
No computed tomography used for confirmation of diagnosis
Murphy 2014
Irrelevant article type
Murphy 2016
No computed tomography used for confirmation of diagnosis
Nelson 2006
No distinction made in types of extraluminal air in patients or outcome(s)
Nemitz 2001
No computed tomography used for confirmation of diagnosis
Occhionorelli 2016 No computed tomography used for confirmation of diagnosis

Oertli 1993
O’Leary 2012
O’Leary 2011
Pappalardo 2013
Park 2013
Park 2010
Park 2013
Paterson 2015
Piccolini 2003
Piccolini 2007
Piekarek 2008
Pieracci 2009
Pillari 1984
Pittet 2009
Platell 2008
Porta 1994
Proposito 1995
Rao 1998
Reynolds 2016
Reynolds 2016
Richelme 1984
Ritz 2007
Ritz 2013
Ritz 2011
Ritz 2011
Rodriguez 2015
Rodriguez 2015
Rose 2015
Salama 2014
Salem 2006
Salem 2007
Sallinen 2015
Savu 2012
Schaffzin 2004
Senapati 1995
Seraina 2015
Sessa 2016
Shah 2011
Shaikh 2007
Shen 2002
Somasekar 2002
Sorser 2009
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No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
Irrelevant article type
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No perforations reported
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
Irrelevant article type
Case report or patient series smaller than 5 patients
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No perforations reported
Irrelevant article type
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
Only patients that underwent emergency surgery
No distinction made in types of extraluminal air in patients or outcome(s)
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No outcomes of interest reported
Irrelevant article type
Irrelevant article type
Irrelevant article type
Irrelevant article type
Irrelevant article type
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
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No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
Irrelevant article type
No computed tomography used for confirmation of diagnosis
Only patients that underwent emergency surgery
Irrelevant article type
Case report or patient series smaller than 5 patients
Only patients that underwent emergency surgery
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
Irrelevant article type
No computed tomography used for confirmation of diagnosis
No computed tomography used for confirmation of diagnosis
No distinction made in types of extraluminal air in patients or outcome(s)
Irrelevant article type
Irrelevant article type
No computed tomography used for confirmation of diagnosis
Irrelevant article type
Irrelevant article type
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Suarez Munoz 1988
Sugihara 1984
Tanase 2014
Tan 2013
Tan 2009
Thorisson 2015
Toh 2016
Tuchmann 2000
Tudor 1994
Tursi 2008
Tyau 1991
Unlu 2013
Unlu 2013
Vermeulen 2012
Wehrli 1987
Wehrli 1988
Werner 2003
Wilson 1991
Wilson 1991
Wong 1997
Wrafter 2016
Yahia 2013
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Retrospective
cohort

Prospective
cohort

Lahat
2013

Retrospective
cohort

Study
Design

Dharmarajan
2011

Costi
2012

Study

Israel

USA

France

Setting

Appendix table 3.Evidence table.

Only
hemodynamically
stable
patients
without
surgery
<24h from
admission
Not operative
candid-ates
due to poor
general
medical
condition
or refused
operative
interven-tion
No selection

Patient
selection

Yes

Yes

Peridiverticu-lar
air

Localized
pericolic free air

None

None

Selection and definition
Routine
Pericolic
Control group
antibiotic
extraluminal air
treatment
Yes
Extra-digestive air None
within 5cm of the
sigmoid colon

Need for
emergency
surgery
Need for
percutaneous abscess
drainage

Need for
emergency
surgery
Need for
percutaneous abscess
drainage

Need for
emergency
surgery

Outcome

0.0% (0/23)
0.0% (0/23)

Not mentioned

0.0% (0/19)

Not mentioned

Not mentioned

10.5% (2/19)

9.7% (3/31)

Results

Not mentioned

Not mentioned

Follow-up
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Retrospective
cohort

Retrospective
cohort

Retrospective
cohort

Prospective
cohort

Nelson
2008

Salli-nen
2014

Salli-nen
2015

Thorisson
2016
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Prospective
cohort

Mora
2013

No selection

No selection

No selection

Only primary
diverticulitis, without
comorbid-ity
or one of the
SIRS criteria

Sweden Modified
and Iceland Hinchey stage
1a or 1b

Finland

Finland

USA

Spain

Air bubbles or
air collection
within 5cm of the
inflamed bowel
segment
Air bubbles or
air collection
within 5cm of the
affected bowel
segment

Air within the
mesentery

Localized
pneumoperitoneum in the
form of air
bubbles

Yes: N = 16 Extraluminal
No: N = 10 pericolic air

Not specified

Yes

Yes

Yes

Need for
emergency
surgery

All other patients Need for
in the study (17 emergency
patients with
surgery
abscess, other
patients uncomplicated without
abscess)

Initial
hospital
stay

Not mentioned

Initial
hospital
stay

6 months

Not mentioned

Need for
percutaneous abscess
drainage
Need for
surgery
within 6
months

Not mentioned

Need for
emergency
surgery

All other patients Need for
in the study
emergency
(including abscess surgery
and free perforation)

None

None

Patients without
any type of
perfora-tion

Pericolic air
group
7.7% (2/26)
Control group
0.5% (3/596)

Adjusted OR
0.03 (95% CI
0.01-0.08)

1.2% (1/82)

Pericolic air
group
0.0% (0/14)
Control group
0.0% (0/54)
Pericolic air
group
0.0% (0/14)
Control group
0.0% (0/54)
37.5% (21/56)
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ABSTRACT
Background
Currently, there is no consensus on the optimal treatment strategy in diverticulitis
patients with isolated pericolic air on computed tomography. Recently published
studies advocate a conservative approach with observation and antibiotic treatment.
Objective
The primary aim of this study was to assess the clinical course of initially conservatively
treated diverticulitis patients with isolated pericolic air and to identify risk factors for
conservative treatment failure. The secondary aim was to assess the outcome of nonantibiotic treatment.
Design
Patient data from a retrospective cohort study on risk factors for complicated
diverticulitis were combined with data from the DIABOLO trial, a randomised
controlled trial comparing non-antibiotic with antibiotic treatment in patients with
uncomplicated diverticulitis.
Settings
A multicentre study in the Netherlands.
Patients
The present study identified all patients with Hinchey 1A diverticulitis with isolated
pericolic air on computed tomography. Pericolic air was defined as air located <5
centimetre from the affected segment of colon.
Main outcome
The primary outcome was failure of conservative management, defined as need
for percutaneous abscess drainage or emergency surgery within 30 days after
presentation. A multivariable logistic regression analysis was performed to identify
risk factors treatment failure.
Results
A total of 109 patients was included in the study. Fifty-two (48%) patients were treated
with antibiotics. Nine of 109 (8%) patients failed conservative management, seven
(13%) in the antibiotic treatment group and two (4%) in the non-antibiotic group
(p=0.08). Only (increasing) C-reactive protein level at presentation was an independent
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Limitations
Due to the small number of treatment failures, statistical power may have been
insufficient to identify risk factors for treatment failure.
Conclusions
Conservative treatment in patients with acute diverticulitis and isolated pericolic air is
a suitable treatment strategy. It remains uncertain whether non-antibiotic treatment
is safe in patients with isolated pericolic air.
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predictor for treatment failure.

INTRODUCTION
Colonic diverticulosis is primarily seen in the Western population with prevalence
increasing with age. At forty years of age, approximately 10% of the Western population
has diverticulosis, while this number increases up to 70% in octogenarians. About 4-7% of
patients with diverticulosis will develop diverticulitis.1,2Twenty-five per cent of diverticulitis
patients develops complications such as abscess or colonic perforation.3 Uncomplicated
diverticulitis is usually treated conservatively, whereas complicated diverticulitis is treated
with percutaneous abscess drainage or operative intervention (emergency resection or
laparoscopic lavage).4 Most classification systems that categorise diverticulitis are based on
computed tomography (CT) findings, such as fluid collections, extraluminal contrast leakage
or free air.5-8
The clinical relevance of free air on CT remains unclear. Distant free air on CT is usually
considered a sign of diffuse peritonitis and an absolute indication for operative intervention,
whereas patients who present with isolated pericolic air may be treated conservatively.9
Current guidelines on treatment of diverticulitis do not describe uncomplicated diverticulitis
patients with isolated pericolic air nor do they advise on the optimal treatment strategy.10
Recently published studies advocate a conservative approach with observation and
antibiotic treatment. These studies are however hampered by small or heterogeneous study
populations (including patients with pericolic and distant free air) or inadequate outcome
parameters (not including percutaneous drainage as a treatment failure), hindering direct
translation to clinical practice.11-15
The primary aim of the present study (FACT) was therefore to assess the course of
uncomplicated diverticulitis patients with isolated pericolic air seen on CT imaging and to
identify risk factors for failure of conservative treatment. The second aim was to assess the
outcome of non-antibiotic treatment in this patient group.

METHODS
Study design
The FACT study was a joint venture between the DIABOLO trial16, a multicenter randomised
controlled trial comparing antibiotic with non-antibiotic treatment in 528 patients with
uncomplicated acute diverticulitis17-19, and a retrospective cohort study in 943 patients
studying risk factors for complicated diverticulitis performed in the Meander Medical Centre.
The DIABOLO16 trial prospectively included all patients with Hinchey 1A and 1B diverticulitis
between June 2010 and October 2012 whereas for the retrospective cohort a diagnostic
specific code was used to identify all patients presenting with an episode of diverticulitis in
the emergency department between January 2005 and January 2017.
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Data collection and outcomes
Patient characteristics, clinical signs and symptoms, American Society of Anesthesiologists
(ASA) Physical Status classification scores, laboratory parameters, CT-findings and initial
treatment strategy (e.g. antibiotic treatment, watchful waiting), were collected from the
hospital records. The primary outcome was failure of conservative management which was
defined as need for emergency surgery or percutaneous abscess drainage within 30 days
after presentation. Secondary outcome measures were length of hospital stay, complications
(colonic obstruction, abscess, perforation) and mortality. Moreover, the primary outcome
per initial treatment strategy (antibiotic or non-antibiotic treatment) was assessed. For the
patients from the retrospective cohort, patients were assigned to the antibiotic treatment
group if antibiotic treatment had been started within 24 hours after presentation. Antibiotic
treatment was not started according to a predefined protocol but at the discretion of the
attending physician.
Statistical analysis
Descriptive statistics were provided of all variables. Continuous variables are presented as
means with standard deviation (SD) or medians with inter quartile range (IQR) according to
their distribution. For categorical variables counts and percentages are presented. Categorical
variables were compared using the Chi-square test or Fisher’s exact test, as appropriate, and
continuous variables were compared using the independent t test or the Mann–Whitney U
test, as appropriate. Multivariable logistic regression was performed to identify risk factors
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Study population
The FACT study included all patients with an uncomplicated diverticulitis (only modified
Hinchey 1A)17-19 with pericolic air on CT. Only patients presenting without signs of sepsis and
no clinical or radiological evidence of an abscess or diffuse peritonitis at presentation were
included.20All CT-reports were checked for mentioning of the following signs; “pericolic air
bubbles or pockets”, “pericolic free air or gas”, “intraperitoneal free air or gas”, “extraluminal
air” or “covered perforation”. Subsequently, these CTs were re-analysed by two independent
radiologists for the presence and classification of extraluminal air on CT. Both radiologists
were blinded for patient characteristics, initial CT report from the participating hospital, CT
report from the other expert reader, and patient outcome. In line with previous published
literature11-15, pericolic air was defined as air located less than 5 cm from the affected segment
of colon, regardless of whether the air was intra- or retroperitoneal. Only patients in whom
both radiologists reported extraluminal air <5cm from the affected segment were included.
Patients without extraluminal air or extraluminal air >5cm from the affected segment were
excluded from analysis. The volume of extraluminal air was estimated by measuring the air
pocket’s largest diameter in two directions in the axial plane and in the coronal plane. The
presence of free fluid was scored, as well as the location of free fluid (pericolic, Douglas’
pouch or diffuse).

for failure of conservative treatment. Variables that were univariably associated (p<0.20)
with failure of conservative treatment were entered into the multivariable model. Odds
ratios are presented with 95 per cent confidence intervals. Two sided P <0.05 was considered
statistically significant. All analyses were performed using the statistical software package
SPSS 24.0 (IBM Corporation, New York, USA).

RESULTS
Patient characteristics
Figure 1 depicts the selection of patients presenting with acute Hinchey 1A diverticulitis with
pericolic air on CT form the two cohorts. In total, 1471 diverticulitis patients were identified.
Of these, 214 patients were excluded because of clinical or radiological signs of peritonitis
or abscess (Hinchey classification >1A). In 146 (12%) of the 1257 Hinchey 1A patients
extraluminal air was reported in the initial CT reports. These patients were all initially treated
conservatively. The CTs of these patients were re-evaluated by two independent radiologists
for the classification of extraluminal air. Thirty-five patients were excluded because at reevaluation no extraluminal air was observed (n=25) or the extraluminal air was located more
than 5 cm of the affected segment (n=10). After exclusion of two duplicate patients, a total
14
of 109 patients were included in the FACT study; 39 patients from the DIABOLO
trial and
70 patients from the retrospective single centre cohort.

Figure 1.Flowchart of study participants
Baseline characteristics are shown in table 1. The mean age was 53 years (SD 11) and 33%
of the patients were female. Median amount of extraluminal air was 1.5 cc (IQR 1.0-2.5).
Radiologists reported free fluid in 12 (11%) patients which was most frequently seen in
Douglas’ pouch (n=11). Fifty-two (48%) patients received antibiotic treatment within 24
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Table 1.Baseline characteristics.
All patients
(N=109)

No antibiotics
(N=57)

Antibiotic
treatment
*
(N=52)

P-value

Patient demographics
Age, mean (SD)
Female gender, N (%)
ASA classification
ASA I
ASA II
ASA III
BMI kg/m2, mean (SD)
History of diverticulitis, N (%)

53 (11)
36 (33%)

52 (11)
22 (39%)

55 (12) 0.1371
14 (27%) 0.1962

65 (60%)
38 (35%)
6 (5%)
27.6 (4.6)
10 (9%)

37 (65%)
18 (32%)
2 (4%)
26.6 (3.6)
6 (10%)

28 (54%)
0.4033
20 (38%)
4 (8%)
1
28.9 (5.4)0.026
4 (9%)
0.4962

37.6 (0.8)

37.5 (0.8)

37.7 (0.8)0.1181

Clinical status
Temperature ºC, mean (SD)
Laboratory findings
CRP (mg/L), median (IQR)
WBC (x10^9/L), mean (SD)

124 (76-199)
115 (73-179)
142 (90-218)
0.1064
14.8 (4.1) 14.7 (3.6) 14.9 (4.6)0.8031

CT findings
Volume of pericolic air (cc),
median IQR
Intraperitoneal fluid, N (%)
1

1.5 (1.0-2.5)1.5 (1.0-2.0)2.0 (1.5-3.0)
0.0194
12 (11%)

9 (16%)

3 (6%)

0.0962

independent T-test 2Chi2test 3 Fischer’s exact test 4Mann-Whitney U test

*within 24 hours after presentation
SD = standard deviation, IQR= inter quartile range, ASA = American Society of Anesthesiologists, BMI = body mass
index, CRP = C-reactive protein, WBC = white blood cell

Primary outcome: failure of conservative management
Table 2 shows the failure of conservative management. Nine of 109 (8%) patients had failure
of conservative management, two (2%) patients required percutaneous abscess drainage
and seven (6%) patients required emergency surgery within 30 days after presentation.
Of the patients who required emergency surgery, a second CT was made in four patients
because of clinical deterioration and increasing abdominal pain. These CTs revealed an
abscess in two patients and no deterioration of disease in the other two patients. Three of
these patients had purulent peritonitis upon surgery, whereas in one patient no deterioration
of disease was seen. Three of the patients who required emergency surgery did not undergo
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hours after presentation. Baseline characteristics were mostly comparable between the
antibiotic and non-antibiotic group. C-reactive protein (CRP) seemed to be slightly higher
in the antibiotic group (median 142mg/L versus 115mg/L, and the volume of pericolic air
was marginally higher in the antibiotic group (median 2.0cc versus 1.5cc) compared to the
non-antibiotic group.

a second CT, but a diagnostic laparoscopy was performed in these patients where a purulent
peritonitis was seen. One patient underwent open sigmoidectomy with diverting ileostomy,
three patients underwent laparoscopic sigmoid resection with primary anastomosis, two
patients underwent Hartmann procedure and one patient received laparoscopic lavage.
Table 2.Treatment failure in FACT study and subgroup analysis of DIABOLO patients.
FACT study

All patients

No antibiotics

Antibiotic
treatment
*
(N=52)
2 (4%)

P-value**

(N=109)
2 (2%)

(N=57)
0 (0%)

Emergency surgery N (%)

7 (6%)

2 (4%)

5 (10%)

0.26

Total treatment failure N (%)

9 (8%)

2 (4%)

7 (13%)

0.08

Percutaneous drainage N (%)

DIABOLO
subgroup analysis

All patients

No antibiotics

0.23

Percutaneous drainage N (%)

(N= 39)
0 (0%)

(N=22)
0 (0%)

Antibiotic
treatment
(N=17)
0 (0%)

P-value**

Emergency surgery N (%)

1 (3%)

0 (0%)

1 (6%)

0.44

Total treatment failure N (%)

1 (3%)

0 (0%)

1 (6%)

0.44

-

*within 24 hours after presentation
**Fischer’s exact

Outcome per initial treatment strategy
Table 2 shows the failure of conservative management per initial treatment strategy, as
well as a subgroup analysis of the DIABOLO14 patients (who were randomly assigned to
either antibiotic or non-antibiotic treatment). Seven of 52 (13%) patients in the antibiotic
treatment group failed conservative treatment versus 2 of 57 (4%) patients in the nonantibiotic group. There was no statistically significant difference in failure of conservative
treatment between patients treated with and without antibiotics (p=0.083). In a subgroup
14
analysis of the 39 DIABOLO
patients, only one patient failed conservative treatment in the
antibiotic group versus nil in the non-antibiotic group (p=0.44).
Secondary outcome: mortality, complications, re(admittance) and hospital stay
One patient died due to persistent abdominal sepsis following a Hartmann’s procedure.
Eleven (10%) patients developed complications; colonic obstruction (n=1), perforation (n=5)
and abscess (n=5). Forty (37%) patients were treated as outpatients of which two (2%)
were eventually admitted to the hospital due to clinical deterioration or development of
complications. Sixty-nine (63%) patients were treated as inpatients of which seven (10%)
patients were re-admitted to the hospital within 30 days after presentation due to clinical
deterioration or development of complications. Median length of hospital stay was 3 days
(IQR 2-5).
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Long term outcomes
Median follow-up was 11 months (IQR 2-24). Twenty-five of 109 (23%) patients developed
recurring diverticulitis, all of whom were treated conservatively. Nineteen of 109 (17%)
patients underwent elective sigmoidectomy. Indications for these resections were stenosis
(n=3), fistula (n=3) and recurring diverticulitis or persistent complaints (n=13). One patient
died due to non-diverticulitis related disease.
Risk factors for treatment failure
Table 3 shows the univariable and multivariable analyses of factors associated with failure of
conservative management (need for percutaneous abscess drainage or emergency surgery).
Location of free fluid was not included in the analysis as one radiologist scored these all
in Douglas’ pouch. The initial treatment strategy (non-antibiotic or antibiotic treatment)
was included in the multivariable analysis to correct for a possible treatment effect of
antibiotics. In the multivariable analysis only CRP level (OR 1.01 for each mg/L increase; 95%
CI 1.001-1.02) remained statistically significant. Although not statistically significant in the
multivariable analysis, leucocyte count and age seemed to be higher in the treatment failure
group (mean 18.2 x 10^9/L vs 14.5 x 10^9/L and mean 60 years vs 52 years, respectively).
Table 3.Factors associated with failure of conservative management.
Treatment
success
(N=100)

Treatment
failure
(N=9)

P-value

Adjusted
Odds ratio
*
(95%CI)

Patient demographics
Age, mean (SD)
Female gender
ASA classification
ASA I
ASA II
ASA III
BMI kg/m2, mean (SD)
History of diverticulitis

52 (10)
34 (34%)

60 (13) 0.0631
2 (22%)

0.715

3

60 (60%)
5 (56%)
0.8373
34 (34%)
4 (44%)
6 (6%)
0 (0%)
27.7 (4.6) 25.6 (3.9)0.3691
9 (10%)

1 (11%)

1.000

3

1.03 (0.96-1.10)
-

Clinical status
Temperature ºC, mean (SD)

1
37.6 (0.8) 37.5 (0.9)0.723

-

Laboratory findings
CRP (mg/L), median (IQR)
Leucocytes (10^9/L), mean (SD)
CT findings
Volume of pericolic air (CC),
median IQR

4
124 (75-192)
218 (97-364)
0.029
1.01 (1.001-1.02)

14.5 (4.0) 18.2 (3.6)0.0081
1.5 (1.0-2.5)
2.0 (1.0-4.0)
0.8064
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1.20 (0.99-1.45)
-
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Intraperitoneal fluid

11 (11%)

1 (11%)

1.0003

45 (45%)

7 (78%)

0.0832

-

Initial treatment
Antibiotic treatment**
1

2.48 (0.43-14.40)

independent T-test 2Chi2test 3 Fischer’s exact test 4Mann-Whitney U test

*Odds ratio in multivariable analysis
**within 24 hours after presentation
SD = standard deviation, IQR= inter quartile range, NS= not selected, CRP = C-reactive protein, ASA = American
Society of Anesthesiologists, BMI = body mass index, CI = confidence interval

DISCUSSION
The present study analyzed the course of diverticulitis patients presenting with isolated
pericolic air on CT. The vast majority (92%) of patients recovered with conservative
treatment. This indicates that diverticulitis patients with isolated pericolic air on CT can
safely be treated conservatively.
The clinical relevance of pericolic air on CT in diverticulitis patients presenting without signs
of generalized peritonitis or sepsis has been topic of debate. Several studies have recently
been published reporting on the nonoperative management of perforated diverticulitis.
Titos-Garcia et al14 and Salinnen et al12specifically report nonoperative treatment success
rates for patients with isolated pericolic air; 90% and 99% respectively. Both studies only
considered emergency surgery as treatment failure. These findings are consistent with
our finding that 92% of the patients with isolated pericolic air recovered with conservative
treatment.
Most studies reporting on the nonoperative management of perforated diverticulitis
include patients with pericolic ánd distant free air. The FACT study only included patients
with isolated pericolic air. We selected this patient group because literature suggests that
pericolic and distant extraluminal air have a different disease course and demand different
treatment strategies. In a patient with distant free air, we can no longer speak of a “covered
perforation” as the perforation is no longer contained to the pericolic region. This is why free
distant air is usually considered a sign of diffuse peritonitis and an indication for operative
intervention whereas patients with isolated pericolic air may be treated conservatively.
Recent studies report contrastingly about the risk of conservative treatment failure in
patient with distant free air. Sallinen et al12
, Colas et al15 and Titos-Garcia et al14 report lower
success rates of conservative treatment in patients with distant free air; 62%, 59% and
62%, respectively. Contrastingly, Dharmarajan et13aland Costi et al11 report no difference in
outcome between pericolic and distant free air. However, the number of patients presenting
with distant free air was relatively small in these studies, hampering proper comparison.
As patients with free distant air do show a tendency towards a more complicated course,
including these patients would have led to a heterogeneous study population. We therefore

214

CONSERVATIVE TREATMENT OF ISOLATED PERICIOLIC AIR.

All patients in the above mentioned studies analysing the nonoperative management of
diverticulitis with pericolic or free distant air, received intravenous antibiotics as part of their
nonoperative management. A recently published study describes non-antibiotic treatment
in diverticulitis patients with pericolic air. Thorisson al21analysed predictive factors on CT
imaging for progression of uncomplicated diverticulitis into complicated diverticulitis, using
data from a randomised clinical trial comparing antibiotic treatment with non-antibiotic
treatment in uncomplicated diverticulitis; the AVOD trial.22They re-evaluated all CT-scans
of the included patients and identified 27 (4%) patients with pericolic air and conclude that
pericolic air is not a risk factor for progression into complicated diverticulitis. However, only
two patients with pericolic air on CT had progression into complicated diverticulitis (one in
the antibiotic group and one in the non-antibiotic group), therefore statistical power might
have been insufficient to detect risk factors for progression into complicated diverticulitis.
The question remains which therapeutic approach we should adopt in diverticulitis patients
with pericolic air on CT. Dharmarajan et al13 propose, based on their own observational
patient data, a nonoperative management protocol in which patients with pericolic
air without signs of sepsis are treated with intravenous antibiotics. Since we found a
conservative treatment success rate of 92% in the present study, we feel we can safely
adopt such a strategy. Fifty-seven (52%) of our patients were treated without antibiotics
and of these, 55 (96%) patients were treated successfully. Moreover,
we found no statistical
significant difference in failure of conservative treatment between patients treated with
and without antibiotics (p=0.083).
This could indicate that antibiotic treatment might not
be mandatory in patients with pericolic air. However, 64% of the study population came
from a retrospective database and in these patients antibiotic treatment was started at
the discretion of the attending physician. Therefore there is a high risk of confounding by
indication. It is possible that patients who presented with more severe illness (who might
be at higher risk of conservative treatment failure) were more likely to receive antibiotic
treatment. In a subgroup analysis of the DIABOLO14 patients (who were randomly assigned
to either watchful waiting or antibiotic treatment) there was also no difference in outcome
found between patients treated with and without antibiotics, strengthening our conclusion
that antibiotics may not be mandatory in patients with pericolic air. However, further research
aimed at the non-antibiotic treatment of diverticulitis patients with isolated pericolic air
should be performed before a conservative treatment strategy without antibiotics can be
assumed safe.
A major strength of this study is its multicenter design and the fact that one-third of the
study population came from a prospective, randomized study. Contrastingly, the other
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chose to only include patients with isolated pericolic air to assess the outcome of (nonantibiotic) conservative treatment.

two-third of the study population came from a retrospective database which comes with
inherent limitations. The fact that two independent radiologist re-analyzed all CTs enhances
the validity of our results.
The present study is limited by the small number of patients with treatment failure. In the
multivariable analysis only a higher CRP level remained as a significant predictor of treatment
failure. Although not statistically significant, a higher leucocyte count and higher age seemed
to be associated with treatment failure. Because of the small number of treatment failures,
statistical power may have been insufficient to identify risk factors for treatment failure.
The primary aim of this study was however to assess the feasibility of (non-antibiotic)
conservative management in patients with pericolic air and the small number reflects the
low probability of treatment failure in patients with isolated pericolic air.
Although conservative management in patients with acute diverticulitis with isolated
pericolic air is a suitable treatment strategy, it remains uncertain whether non-antibiotic
treatment is safe in patients with isolated pericolic air due to the low event rate. A higher CRP
level was significantly associated with treatment failure, and a higher leucocyte count and
higher age showed a non-significant trend towards an association with treatment failure.
Patients with isolated pericolic air who present with these risk factors may not be suitable
for a conservative treatment strategy, and need close observation and/or treatment with
antibiotics.

216

CONSERVATIVE TREATMENT OF ISOLATED PERICIOLIC AIR.

1.

Shahedi K, Fuller G, Bolus R. Long-term risk of acute diverticulitis among patients with incidental

Chapter 11

REFERENCES

diverticulosis found during colonoscopy. Clin Gasteroenterol Hepatol. 2013. 11(12): 1609-13
2. Loffield RJ. Long-term follow-up and development of diverticulitis in patients diagnosed with
diverticulosis of the colon. Int J Colorectal Dis. 2016. 31(1):15-7
3.

Tursi A, Papa A, Danese S. Review article: the pathogenesis and medical management of
diverticulosis and diverticular disease of the colon. Aliment Pharmacol Ther. 2015 Sep;42(6):66484

4.

Søreide K, Boermeester MA, Humes DJ, Velmahos GC. Acute colonic diverticulitis: modern
understanding of pathomechanisms, risk factors, disease burden and severity. Scand J
Gastroenterol. 2016 Dec;51(12):1416-1422.

5.

Klarenbeek BR, de Korte N, van der Peet DL, Cuesta MA. Review of current classifications for
diverticular disease and a translation into clinical practice. Int J Colorectal Dis. 2012;27:207-2014

6.

Mora Lopez L, Serra Pla S, Serra-Aracil X, Ballesteros E, Navarro S. Application of a modified Neff
classification to patients with uncomplicated diverticulitis. Colorectal Dis. 2013;15:1442-7

7.

Sallinen VJ, Leppäniemi AK, Mentula PJ. Staging of acute diverticulitis based on clinical, radiologic,
and physiologic parameters. J Trauma Acute Care Surg. 2015;78:543-51

8.

Sartelli M, Moore FA, Ansaloni L et al. A proposal for a CT driven classification of left colon acute
diverticulitis. World J Emerg Surg. 2015;10:3

9.

Ritz JP, Lehmann KS, Loddenkemper C, Frericks B, Buhr HJ, Holmer C (2010) Preoperative CT
staging in sigmoid diverticulitis— does it correlate with intraoperative and histological findings?
Langenbecks Arch Surg 395:1009–1015

10. Vennix S, Morton DG, Hahnloser D, Lange JF, Bemelman WA; Research Committee of the European
Society of Coloproctocology. Systematic review of evidence and consensus on diverticulitis: an
analysis of national and international guidelines. Colorectal Dis. 2014 Nov;16(11):866-78
11. Costi R, Cauchy F, Le Bian A, Honart JF, Creuze N, Smadja C. Challenging a classic myth:
pneumoperitoneum associated with acute diverticulitis is not an indication for open or
laparoscopic emergency surgery in hemodynamically stable patients. A 10-year experience with
a nonoperative treatment Surg Endosc. 2012 Jul;26(7):2061-71
12.Sallinen VJ, Mentula PJ, Leppaniëmi AK. Nonoperative management in perforated diverticulitis
with extraluminal air is safe and effective in selected patients. Dis Colon Rectum 2014; 57: 875881
13. Dharmarajan S, Hunt SR, Birnbaum EH, Fleshman JW, Mutch MG. The efficacy of nonoperative
management of acute complicated diverticulitis. Dis Colon Rectum 2011; 54: 663–671
14. Titos-Garcia A, Aranda-Narvaez JM, Romacho-Lopez L, Gonzalez-Sanchez AJ, Cabrera-Serna I,
Santoyo-Santoyo J. Nonoperative management of acute perforated diverticulitis with extraluminal
air: results and risk factors for failure. Int J Colorectal Dis (2017) 32:1503–1507
15. Colas PA, Duchalais E, Duplay Q et al. Failure of conservative treatment of acute diverticulitis with
extradigestive air. World J Surg (2017) 41:1890–1895

CONSERVATIVE TREATMENT OF ISOLATED PERICIOLIC AIR.

217

16. Daniels L, Ünlü Ç, de Korte N et al. Randomized clinical trial of observational versus antibiotic
treatment for a first episode of CT-proven uncomplicated acute diverticulitis. Br J Surg. 2017
Jan;104(1):52-61
17. Hinchey EJ, Schaal PG, Richards GK. Treatment of perforated diverticular disease of the colon. Adv
Surg 1978;12:85-109
18. Wasvary H, Turfah F, Kadro O, et al. Same hospitalization resection for acute diverticulitis. Am
Surg. 1999;65:632–635
19. Kaiser AM, Jiang JK, Lake JP, et al. The management of complicated diverticulitis and the role of
computed tomography. Am J Gastroenterol. 2005;100:910–917
20.American College of Chest Physicians/Society of Critical Care Medicine. Consensus Conference:
definitions for sepsis and organ failure and guidelines for the use of innovative therapies in sepsis.
Crit Care Med 1992; 20: 864–874
21.Thorisson A, Smedh K, Torkzad MR, Påhlman L, Chabok A. CT imaging for prediction of
complications and recurrence in acute uncomplicated diverticulitis. Int J Colorectal Dis. 2016.
31:451–457
22.Chabok A, Påhlman L, Hjern F et al. Randomized clinical trial of antibiotics in acute
uncomplicated diverticulitis. Br J Surg. 2012 Apr;99(4):532-9

218

CONSERVATIVE TREATMENT OF ISOLATED PERICIOLIC AIR.

Chapter 11
CONSERVATIVE TREATMENT OF ISOLATED PERICIOLIC AIR.

219

PART 3
Summary of evidence in acute diverticulitis
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ABSTRACT
Background
Young patients are thought to have a more severe disease course and a higher rate of
recurrent diverticulitis. However, these understandings are mainly based on studies
with important limitations. This review aimed to clarify the true natural history of
acute diverticulitis in young patients compared to elderly patients.
Methods
PubMed and MEDLINE were searched for studies reporting outcomes on disease
severity or recurrences in young and elderly patients with a CT-proven diagnosis of
acute diverticulitis.
Results
Twenty-seven studies were included. The proportion of complicated diverticulitis at
presentation (21 studies) was not different for young patients (age cut-off 40 to 50
years) compared to elderly patients (risk ratio (RR) 1.19; 95%CI 0.94-1.50). The need
for emergency surgery (11 studies) or percutaneous abscess drainage (2 studies)
yielded comparable results for both groups with a RR of 0.93 (95%CI 0.70-1.24) and
1.65 (95%CI 0.60-4.57), respectively. Crude data on recurrent diverticulitis rates (12
studies) demonstrated a significantly higher RR of 1.47 (95%CI 1.20-1.80) for young
patients. Notably, no association between age and recurrent diverticulitis was found
in the studies that used survival analyses, taking length of follow-up per age group
into account.
Conclusion
Young patients do not have a more severe course of acute diverticulitis. Published
data on the risk of recurrent diverticulitis in young patients are conflicting, but those
with the most robust design do not demonstrate an increased risk. Therefore, young
patients should not be treated more aggressively nor have a lower threshold for
elective surgery just because of their age.
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As the prevalence of colonic diverticulosis increases with age from 20 to 30 per cent of
individuals younger than 50 years to over 70% in individuals over 801 the
years,
incidence of
acute colonic diverticulitis follows this same pattern. Therefore, acute diverticulitis is most
frequently evaluated in elderly patients. Nevertheless, some research specifically focusses
on young patients with acute diverticulitis because they have traditionally been suggested
to suffer from a more severe disease course and a higher recurrent diverticulitis rate.2,3
This may result in more aggressive treatment during the initial diverticulitis episode and/
or a lower threshold for elective surgery to prevent future recurrent episodes. However,
this supposedly altered disease course in young patients is mainly based on studies that
have some important drawbacks. In most studies the diagnosis acute diverticulitis was not
based on findings on computed tomography (CT), which is essential to assure that patients
with different diseases but with similar symptoms, such as irritable bowel syndrome or
symptomatic colonic diverticulosis, did not enter the study.4,5Some population based
studies even enter patients in their study population based on diagnosis coding in hospital
registries which is even less accurate.6-8 Recent studies use imaging proven diagnoses more
often but lack a second important element when reporting recurrent diverticulitis rates:
accounting for the length of follow-up per age group, thereby interfering with a reliable
comparison of recurrence rates.
Previous systematic reviews were also affected by these limitations and included studies
without a CT proven diverticulitis diagnosis and lacked studies that had taken the length of
follow-up into account. Furthermore, despite the fact that one systematic review applied
CT confirmation as inclusion criteria, 2 studies9,10
without this CT confirmation had been
11-13
included.
The present review provides a state of the art overview of current evidence on
the natural history of young and CT proven acute diverticulitis patients, with focus on the
more robust studies taking CT confirmation and length of follow-up into account.

METHODS
Study identification
Two authors, SvD and NA, independently searched PubMed and EMBASE databases with
the following search terms: diverticulitis, diverticular, age factors, age distribution, age,
young, old and elderly. The complete search strategy is shown in appendix table 1. No
language limits were applied. The last search was performed in April 2018. Reference lists
of obtained articles were reviewed for any omitted studies. MOOSE guidelines for reporting
were followed.14 A review protocol for this systematic review was not published or registered
before this study was undertaken.
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INTRODUCTION

Study selection
Studies that were considered for eligibility were randomized clinical trials, prospective or
retrospective cohort studies and cross sectional studies that reported outcomes of colonic
diverticulitis patients in at least 2 age groups (apart from regression or survival analyses
results) and whose diagnosis was proven by computed tomography (CT), pathology or
surgery. Only studies including more than 75% left-sided diverticulitis patients were
included in this review. Studies that did not report the number of left-sided diverticulitis
patients were only included if they were conducted in a Western country, considering that
Western patient cohorts are likely to have included predominantly left-sided diverticulitis
patients, well above the limit of 75%. Studies that only included surgically treated patients
or reported only postoperative outcomes were excluded. Studies that included a selected
group of patients not representative for the general diverticulitis population, such as
only complicated diverticulitis patients when reporting on disease stage at presentation
or only patients older than 70 years, were excluded. When studies were suggested to
have overlapping cohorts, the largest of those studies was included in the review. When
study cohorts were overlapping but different outcomes were reported, both studies were
included. Reviews, letters, case reports and case series smaller than 10 patients were also
excluded. The two reviewers independently considered all studies retrieved from the search
for eligibility against these criteria. Any disagreements were resolved through discussion.
Quality assessment
The two reviewers (SvD and NA) critically appraised each study reporting rates of emergency
surgery, percutaneous abscess drainage or recurrence using the Newcastle Ottawa Quality
Assessment Scale for cohort studies.15 Studies reporting disease stage at diverticulitis
presentation were critically appraised using the Newcastle Ottawa Quality Assessment Scale
for cross sectional studies.15 When studies reported on multiple outcomes, studies could
therefore be assessed by both risk of bias tools. Any disagreement was resolved through
discussion.
Data extraction
The two reviewers (SvD and NA) independently reviewed each included article. Each
reviewer extracted the data on a predefined evidence table, after which the two tables
were compared. Any disagreement was resolved through discussion. Data collected from
each paper was study design and setting; in- and exclusion criteria for the study; applied age
cut-off; proportion of left-sided diverticulitis patients; proportion of primary diverticulitis
patients; crude results and results from regression or survival analyses for all outcomes in
this review.
Outcome measures
The outcomes were divided into two categories; diverticulitis severity during the initial
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Statistical analysis
The crude data of all outcomes was pooled and displayed using a forest plot and a random
effects model for each outcome. Results were reported as relative risks (RR). Since the
question whether age is actually associated with each outcome was considered more
important than defining a precise age cut-off, all young age groups were analyzed together
and all elderly groups were analyzed together despite the slight differences in age cut-offs
that were used in various studies. Statistical heterogeneity was assessed using χ2 and I2.
When heterogeneity reached above 70%, univariable meta-regression analysis was used to
explore this heterogeneity. Meta-analyses were conducted using Review Manager (RevMan,
version 5.3 Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration; 2014).
Meta-regression analyses were conducted using SPSS, version 24.0 (SPSS Inc., Chicago, IL,
USA).
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episode and risk of recurrent diverticulitis during follow-up. Outcomes covering the
severity of the initial episode were stage of acute diverticulitis at presentation and need
for emergency surgery or percutaneous abscess drainage during the initial diverticulitis
episode. The stage of diverticulitis at presentation was defined as complicated (abscess or
perforation) or uncomplicated. Recurrent diverticulitis could be diagnosed by either imaging
or on clinical grounds, as reported by the studies.

RESULTS
Systematic review
The search retrieved 8443 studies and 3 studies were identified through reference lists of
obtained articles. After removal of 2043 duplicates, titles and abstracts of 6403 studies were
screened. A total of 448 full texts were screened for eligibility of which 27 studies were
included in this review. The PRISMA flow diagram including reasons for exclusion of the
studies that were screened full text is shown in figure 1.
Study characteristics
From the total of 27 included studies, 20 were conducted in Europe, 6 studies in the USA
and 1 study was conducted in the Dominican Republic. Half of the studies (14 out of 27) only
included left-sided acute diverticulitis patients, in 5 studies most patients suffered from leftsided diverticulitis (ranging from 77% to 98%), and 8 studies did not mention the number
of left-sided diverticulitis patients. Not all studies used the same age cut-off to define
the age groups. Most studies (17 studies) used 50 years as cut-off, some used 40 years (6
studies) or 45 years (3 studies), and 1 study reported a hazard ratio with age as continuous
variable. Whereas most studies applied no explicit in- or exclusion criteria, 5 studies16-20
that mainly focussed on the risk of recurrent diverticulitis only included a subgroup of
patients such as only uncomplicated diverticulitis or only patients without colonic resection
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in the initial diverticulitis episode. The stage of acute diverticulitis at presentation was
20-40
reported by 21 studies
, rates of emergency surgery during the initial episode by 11
studies18,24,27-29,32,34,37,39,41,42
, rates of percutaneous abscess drainage during the initial episode
16-20,24,25,27,33,34,36,41
by 2 studies29,32
and rates of recurrent diverticulitis by 12 studies.

Figure 1. PRISMA flow diagram.46
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Critical appraisal
For the stage of diverticulitis at presentation some bias might have been introduced by the
retrospective design of 10 out of 21 studies. A clear description of reasons for interventions
was lacking in most studies reporting need of emergency surgery or percutaneous abscess
drainage. Thresholds for performing an intervention likely differed between studies and
therefore the number of interventions varied widely between studies. For the outcome
recurrent diverticulitis an important potential bias is the lack of description of length of
follow-up in various age groups in the majority of studies. The number of patients with
recurrent diverticulitis is mostly affected by the length of the study period in which a
recurrence could have occurred. Therefore, it is essential to know whether both age groups
had comparable follow-up durations in order to interpret the results.

Figure 2.Forest plot of risk ratios for complicated diverticulitis (abscess or perforation) at
initial presentation in young and elderly acute diverticulitis patients.

Severity of diverticulitis at presentation
20-40
A total of 21 studies
reported results of severity of diverticulitis at presentation. Twenty
studies including 7477 patients reported crude data and were pooled. (Figure 2) Young age
was not associated with higher risk of complicated diverticulitis at presentation; pooled
RR 1.19 (95% CI 0.94-1.50). However, heterogeneity was 2substantial
86%). Univariable
(I
meta-regression was used to explore this heterogeneity by testing 4 study characteristics
that could be extracted from the studies with this outcome. Neither of these variables
could explain this heterogeneity; type of age cut-off (50 years versus 40 years; coefficient
0.134, p=0.601), study design (prospective versus retrospective; coefficient 0.130, p=0.569),
history of diverticulitis (only primary diverticulitis versus mixed with history of diverticulitis;
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coefficient 0.204, p=0.360) and location of diverticulitis (100% left-sided diverticulitis
versus partially left-sided diverticulitis or not reported; coefficient -0.116, p=0.618). Four
studies28,36,38,39
reported results from multivariable logistic regression analyses. Two of these
four studies did not report crude results but only reported that age below 40 was not a
risk factor for free perforation or complicated diverticulitis.36,39
The third study reported a
slightly increased odds ratio (OR) for every 10-year increase of age (adjusted OR 1.16; 95%
38
CI 1.01-1.33).
The fourth study found comparable risks for both groups (adjusted OR 1.01;
28
95% CI 0.65-1.57).

Figure 3.Forest plot of risk ratios for emergency surgery within initial episode of acute
diverticulitis in young and elderly acute diverticulitis patients.
Need for emergency surgery or percutaneous abscess drainage
18,24,27-29,32,34,37,39,41,42
A total of 11 studies
reported need for emergency surgery within the
initial diverticulitis episode. Ten studies18,24,27-29,32,34,37,39,42
including 4115 patients reported
crude data and were pooled. Young age was not associated with the need for emergency
2
41
surgery (pooled RR 0.93; 95% CI 0.70-1.24;
45%). (Figure
I
3) One study
reported no crude
data but a non-significantly higher odds for elderly patients (OR 1.79; 95% CI 0.78-4.10). The
need for percutaneous abscess drainage was reported in only 2 studies29,32
(907 patients),
2
yielding comparable risks in both age groups (pooled RR 1.65; 95% CI 0.60-4.57;
0%).
I
(Figure 4)

Figure 4.Forest plot of risk ratios for percutaneous abscess drainage within initial episode of
acute diverticulitis in young and elderly acute diverticulitis patients.
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Recurrent diverticulitis
16-20,24,25,27,33,34,36,41
A total of 12 studies
reported rates of recurrent diverticulitis after a
documented episode of acute diverticulitis. Eight studies17,18,24,25,27,33,34,36
including 1489
patients reported crude results and were pooled. (Figure 5) Young patients were at
significantly higher risk for recurrent diverticulitis compared to elderly patients (pooled RR
2
1.47; 95% CI 1.20-1.80;
0%). The length
I
of follow-up per age group was not reported in
almost all studies, only the study small study of Pisanu et al.36 reported comparable followup durations in both groups.

Figure 5.Forest plot of crude risk ratios for recurrent diverticulitis in young and elderly acute
diverticulitis patients.
Therefore results from 4 studies16,19,20,41
more robustly reporting regression and survival
analyses, were reviewed. All 4 studies demonstrated that age was not a risk factor for
recurrence. (Table 2) One of these four studies found a non-significantly lower risk for
recurrent diverticulitis in patients younger than 40 years (adjusted OR 0.78; 95% CI 0.4841
1.28).
More importantly, the other three studies used survival analyses and reported
hazard ratios (HR) in which, in contrast with crude data or odds ratios, length of follow-up
was taken into account. Two out of these three studies found no association between age
(as continuous variable) and recurrent diverticulitis; HR 0.99 (95% CI 0.96-1.01) and HR 1.00
16,19
(95% CI 0.997-1.02) respectively.
The third study found a non-significantly lower risk of
recurrent diverticulitis in patients younger than 50 years (adjusted HR 0.62; 95% CI 0.3820
1.00).
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Table 2.Results from reported univariable or multivariable regression or survival analyses.
Study
Effect estimate
Interpretation
28
Holmer, 2011
Age <40: adjusted OR 1.01
Age below 40 no risk factor
(95% CI 0.65-1.57) for free perforation in
multivariable analysis
39
Ritz, 2011
Not reported
Age below 40 risk factor
for free perforation in
univariable analysis, but no
risk factor in multivariable
analysis
38
Ritz, 2011
Continuous age with 10-yearIncreased risk of free
increase: adjusted OR 1.16 perforation in multivariable
(95% CI 1.01-1.33) analysis for every 10-year
increase of age
36
Pisanu, 2013 Not reported
Age below 40 no risk factor
for complicated diverticulitis
in multivariable analysis
41
Emergency surgery Bose, 2013 Age >50: OR 1.79; 95%Age
CI over 50 no risk factor
within initial
0.78-4.10
for emergency surgery in
episode
univariable analysis
41
Recurrent
Bose, 2013
Age <40: adjusted OR 0.78
Age below 40 no risk factor
diverticulitis
(95% CI 0.48-1.28) for recurrence
16
Buchs, 2013
Continuous age: HR 0.99 Age no risk factor for
(95% CI 0.96-1.01) recurrence
19
Sallinen, 2015
Continuous age: HR 1.0 (95%
Age no risk factor for
CI 0.997-1.02)
uncomplicated recurrence
20
Trenti, 2015
Age <50: adjusted HR 0.62
Age below 50 no risk factor
(95% CI 0.38-1.00) for recurrence
Complicated
diverticulitis at
presentation

DISCUSSION
This systematic review and meta-analysis demonstrates that young patients with acute
diverticulitis do not have a more severe disease course and probably do not have an increased
risk of recurrent diverticulitis compared to elderly patients. Young patients do not have a
higher proportion of complicated diverticulitis at presentation. Although heterogeneity
in this comparison is substantial, along with the comparable rates of need for emergency
surgery and percutaneous abscess drainage one can conclude that young patients do not
appear to suffer from a more virulent course of an acute diverticulitis episode. Although
meta-analysis of crude data on recurrent diverticulitis shows a significant 47% higher risk
for young patients, description of length of follow-up per age group was lacking in all but
one studies. For an outcome measure that relies mostly on the length of the observation
period in which an event could have occurred, equal follow-up durations are essential. Three
studies with the most robust design by taking length of follow-up duration into account,
using survival analysis and hazard ratios, found no association between age and risk of
recurrence or even a non-significantly lower risk of recurrence in young patients.
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A strength of this systematic review is the broad search strategy that identified several
studies that were not identified by earlier systematic reviews. Furthermore, numerous more
recently published studies could be included, so that even with strict inclusion criteria a
considerable number of studies was included. Another strength is that this review did not
only focus on crude data but assessed regression and survival analyses results as well, which
appear to provide more robust information on the natural course of acute diverticulitis in
young patients.
Some limitations should be considered. Comparison of the severity of diverticulitis at
presentation was hampered by substantial heterogeneity which additional meta-regression
analysis could not explain. This heterogeneity was probably caused by differences in
patient characteristics between countries, differences in CT scanners, and differences in
interpretation by radiologists. Moreover, the influence of selection bias in study inclusion
cannot be ruled out completely. Also, most studies did not define their reasons to perform
emergency surgery or percutaneous abscess drainage. Therefore, it remains unclear
whether these patients were operated on because of clinical worsening or that in some
studies patients also underwent emergency surgery for persistent complaints or bowel
obstruction. The latter is most likely given the wide range of emergency surgery rates across
studies. Although interpretation of the risk of recurrent diverticulitis was improved by
looking at results of survival analyses, which solved the major drawback of lack of follow-up
description in both age groups, another limitation regarding recurrent diverticulitis results
should be taken into account. Most studies did not state the diagnostic modalities that
were used to diagnose a recurrent episode. When, for instance, recurrent diverticulitis is
diagnosed on clinical grounds only, one can imagine that differences between young and
elderly patients can occur by differences in presentation of complaints or lower thresholds
for CT in elderly patients.
Notwithstanding the substantial heterogeneity in the comparison of diverticulitis severity
at initial presentation, meta-analyses results of the need for emergency surgery and
percutaneous abscess drainage support the conclusion that young patients do not suffer
from a more severe disease course. Furthermore, studies with the most robust design
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Nowadays, while in many ways a more conservative approach has been implemented for
acute diverticulitis, young patients have been suggested to differ from elderly patients
regarding disease severity and risk of recurrences. Therefore, a lower threshold for more
aggressive treatment or elective surgery has been put forward. Since more recent studies
show that young patients may actually not differ from elderly patients, some guidelines do
no longer recommend elective resection based on age.43-45 However, uncertainty remains
and most guidelines still conclude that the risk of recurrent diverticulitis appears to be
higher in young patients and consequently recommendations are formulated with caution.

did not find an association between age and risk of recurrent diverticulitis. Therefore, age
should not be considered a reason for more aggressive treatment of an acute diverticulitis
episode or a lower threshold for elective sigmoid resection in the prevention of recurrent
diverticulitis compared to elderly patients. Obviously, younger patient may have different
demands because of working activities or physically demanding hobbies compared to
elderly patients. These kinds of individual patient related factors can lower the threshold for
elective surgery, but young age itself should not be a reason for more aggressive or more
invasive treatment. Although the need for emergency surgery and percutaneous abscess
drainage do inform us on the course of disease after the initial diverticulitis diagnosis in the
various age groups, prospective evaluation of the variable ‘age’ on disease progression or
need for interventions after an initial diagnosis of uncomplicated diverticulitis has not been
performed extensively.
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SUPPLEMENTARY MATERIAL
Appendix table 1. Search strategy in PubMed and EMBASE.
Diverticulitis[Mesh] OR “diverticulitis, colonic”[Mesh] OR diverticulitis[tiab] OR
(diverticular[tiab] AND disease[tiab])
AND
“Age factors”[mesh] OR “age distribution”[mesh] OR age[tiab] OR aged[tiab] OR
young*[tiab] OR old*[tiab] OR elderly[tiab]
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ABSTRACT
Background
The shift from routine antibiotics towards omitting antibiotics for uncomplicated acute
diverticulitis opens up the possibility for outpatient instead of inpatient treatment,
potentially reducing the burden of one of the most common gastrointestinal diseases
in the Western world.
Purpose
Assessing the safety and cost savings of outpatient treatment in acute colonic
diverticulitis.
Methods
PubMed and EMBASE were searched for studies on outpatient treatment of colonic
diverticulitis, confirmed with computed tomography or ultrasound. Outcomes were
readmission rate, need for emergency surgery or percutaneous abscess drainage, and
healthcare costs.
Results
A total of 19 studies with 2303 outpatient treated patients were included. These
studies predominantly excluded patients with comorbidity or immunosuppression,
inability to tolerate oral intake, or lack of an adequate social network. The pooled
incidence rate of readmission for outpatient treatment was 7% (95%CI 6–9%, I 2 48%).
Only 0.2% (2/1288) of patients underwent emergency surgery, and 0.2% (2/1082)
of patients underwent percutaneous abscess drainage. Only two studies compared
readmission rates outpatients that had similar characteristics as a control group of
inpatients; 4.5% (3/66) and 6.3% (2/32) readmissions in outpatient groups versus 6.1%
(4/66) and 0.0% (0/44) readmissions in inpatient groups (p = 0.619 and p = 0.174,
respectively). Average healthcare cost savings for outpatient compared with inpatient
treatment ranged between 42 and 82%.
Conclusion
Outpatient treatment of uncomplicated diverticulitis resulted in low readmission
rates and very low rates of complications. Furthermore, healthcare cost savings were
substantial. Therefore, outpatient treatment of uncomplicated diverticulitis seems to
be a safe option for most patients.
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Diverticular disease is listed in the top five of most burdensome gastrointestinal diseases
in the Western world.1 Acute diverticulitis, the inflammatory complication of diverticular
2
disease, accounts for approximately 150.000 emergent admissions annually.
Approximately
one third of admitted patients with diverticulitis present with complicated disease (abscess,
perforation, obstruction, fistula), two-third presents with uncomplicated disease.3,4
Traditionally, patients were admitted routinely for intravenous antibiotic treatment. Following
several studies that reported the safety of oral antibiotic treatment, two randomized
clinical trials showed that treating uncomplicated acute diverticulitis without antibiotics is
safe.5,6These developments opened the way for outpatient instead of inpatient treatment.
Treatment of acute diverticulitis without an expensive admission may reduce the burden
to the healthcare system considerably, besides potential reduction of hospital admissionrelated adverse effects such as delirium and hospital related infections. Previous systematic
reviews on outpatient treatment of uncomplicated diverticulitis had some methodological
limitations: inclusion of studies that did not study outpatient treatment specifically but
based conclusions on inpatients, inclusion of studies that did not use computed tomography
or ultrasound to confirm the diverticulitis diagnosis, inclusion of studies mainly reporting
right-sided diverticulitis and missing several studies presumably due to narrow search
strategies.7-9 Also, several new studies have been published meanwhile (Online Resource 1).
The present systematic review evaluates the safety of outpatient treatment of acute colonic
diverticulitis in randomized clinical trials and observational cohort studies. Important
study characteristics and their consequences will be discussed, such as generalisability
of outpatient treatment protocols, potential selection bias in treatment allocation, and
distinction between left- and right-sided diverticulitis.

METHODS
Study identification
Two investigators, SD and KB, independently searched PubMed and EMBASE databases
with the following search terms: diverticulitis, diverticular, ambulatory care, outpatients,
ambulatory, outpatient and home (Online Resource 2). No language or date limits were
applied. The last search was performed in November 2017. Reference lists of obtained
articles were reviewed for omitted studies. Where there was overlap in patient cohorts
of two studies, the most recent and largest study was included in this systematic review.
MOOSE and PRISMA guidelines for reporting were followed.10,11
A review protocol for this
systematic review was not published or registered before this study was undertaken.
Study selection
Studies considered for eligibility were randomized clinical trials, prospective and
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INTRODUCTION

retrospective cohort studies that reported outcomes of outpatient treatment of acute
colonic diverticulitis, confirmed with computed tomography (CT) or ultrasound (US). Studies
that included more than 20% right-sided diverticulitis were excluded. Studies that did not
quantify the number of right-sided diverticulitis patients but were from Western origin were
not excluded under the assumption that in the Western world the vast majority of cases
12-14
(usually above 90%
) concern left-sided diverticulitis. Reviews, letters, and case reports
were excluded. The two reviewers independently considered all studies retrieved from the
search for eligibility against these criteria. Any disagreements in any phase of the study
selection, quality assessment or data extraction were resolved through discussion.
Quality assessment
The two reviewers (SD and KB) independently appraised each study using the Cochrane risk
of bias tool for randomized controlled trials and the Newcastle Ottawa Quality Assessment
Scale for cohort studies.15,16
Data extraction
The two reviewers (SD and KB) independently reviewed each included article. Each reviewer
independently extracted the data on a predefined evidence table, after which the two tables
were compared. Data collected from each paper was study design and setting; diagnostic
modality (CT and/or ultrasound); in- and exclusion criteria for the study and, if different,
for outpatient treatment; proportion of left- or right-sided diverticulitis; description of
outpatient treatment protocol; criteria for assignment to outpatient or inpatient group;
reported outcome measures and results.
Outcome measures
Primary outcome measure was rate of readmission after start of outpatient or inpatient
treatment. Secondary outcome measures were need for emergency surgery, the need for
percutaneous abscess drainage, and costs.
Statistical analysis
The incidence rates of readmission in the outpatient groups of the included studies were
pooled and displayed using a forest plot and a random effects model. Statistical heterogeneity
was assessed using χ2and I2. Statistical analyses were conducted using RStudio (RStudio Inc.,
Boston, MA, USA).

RESULTS
Systematic review
The search retrieved 617 studies, one additional study was identified through crossreferencing. After removal of 145 duplicates, 473 articles were screened. Based on title
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and abstract, 431 articles were excluded and 41 full texts were assessed for eligibility. After
applying in- and exclusion criteria, 19 studies were included in this review. Figure
1shows
the results of the search strategy. Online Resource 3 shows the reasons for exclusion of 21
full text articles.

Figure 1.PRISMA flow diagram.11
Study characteristics
Table 1 shows the summary of included studies. One randomized clinical trial17, 10 prospective
cohort studies18-27
and 8 retrospective cohort studies28-35
were included. Most studies
(n = 12) were performed in Spain, the other studies were performed in Finland, Sweden, the
Netherlands, Switzerland and the USA. All but one study used CT to confirm the diverticulitis
diagnosis; a Dutch study35 used either CT or ultrasonography. Although all studies included
patients that received outpatient treatment, different treatment protocols were used. In
most studies, outpatient treatment consisted of ambulatory treatment at home with oral
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antibiotics and a liquid diet during the first couple of days followed by outpatient clinic
visits after 4 to 7
days. Five studies did not define the outpatient treatment protocol. Three
studies specifically stated that all patients were treated without antibiotics.19-21
Most studies selected patients as outpatient treatment candidates based on patient
characteristics (such as absence of comorbidities or immunosuppressed state), clinical
condition (such as having uncomplicated diverticulitis and ability to tolerate oral intake)
and patients’ social environment (adequate family and social network). Importantly, seven
studies22,28,29,31,33-35
also included patients with diverticular abscesses as candidates for
outpatient treatment. Although most studies used outpatient treatment protocols that
could be used in almost all hospitals (ambulatory treatment at home with an outpatient
clinic visit after 4 to 7
days), 3 studies treated their patients in a ‘hospital at home unit’ or
‘home care unit’.26,27,33
In case of the ‘hospital at home unit’ patients were treated at home
with a nurse visiting all patients daily and a physician visiting all patients 2 to 3 times a
week, while all patients were treated with intravenous antibiotics.26,27
The study that treated
their patients in a ‘home care unit’ did not provide a detailed description of this treatment
strategy.33 However, the routine intravenous antibiotic treatment suggests a protocol similar
to the ‘hospital at home unit’. The two ‘hospital at home unit’ studies also included a
different type of patient, as these 2 studies included patients with present comorbidity27or
only patients older than 70
years.26
Thirteen studies17,19,21-24,26,29,30,32-35
compared results from the outpatient treatment group
with a reference group consisting of admitted patients. However, in 11 out of these 13
studies these reference patients were admitted because of the presence of one or more
exclusion criteria for outpatient treatment or because of a decision by the treating physician
based on the clinical condition of the patient, and thereby not strictly comparable to those
treated as outpatients. Only in a randomized clinical trial17 (randomizing between in- or
outpatient treatment of uncomplicated diverticulitis patients) and a prospective cohort
study24(selecting patients based on the time period they were treated in; before or after
a change in hospital guidelines), a reliable comparison of outcomes could be made. All 19
17-22,24-27,30-32,34-36
studies reported rates of readmission, 16 studies
reported rates of need for
17,20,22,24-27,30-32,34-36
emergency surgery, 15 studies
reported need for percutaneous abscess
drainage, and 5 studies17,22,24,26,30
reported healthcare costs. All study characteristics are
shown in Online Resource 4.
Population characteristics
A total of 2303 patients that received outpatient treatment were included. Rates of need for
emergency surgery were reported in 16 studies including a total of 1288 patients and need
for percutaneous abscess drainage in 15 studies including a total of 1082 patients.
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-

12.5% (12/96)15.3% (22/144)

21.1% (8/38) 27.8% (5/18)

0.0% (0/34)

0.0% (0/24)

5.0% (2/40)

8.0% (18/224)

6.3% (2/32)

8.7% (22/254)

5.4% (4/74)

2.9% (4/140)

14.3% (3/21)

5.6% (5/90)

10.2% (10/98)32.0% (54/169)

2.3% (4/155)

5.6% (39/693)

11.1% (4/36)

4.5% (3/66)

Readmission
outpatient
3% (2/70)

Abbreviations: Pros, prospective cohort study; Retro, retrospective cohort study; RCT, randomized controlled trial; NR, not reported
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Rodriguez 2013

25

24

Moya 2012

23

21
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Retro

29
Joliat 2017

20

Isacson 2015

19

Retro

17
Biondo 2014

28
Etzioni 2010

RCT

18
Alonso 2010

Estrada 2016

Study
design
Pros

Study

Inclusion outpatients

Table 1.Summary of included studies and readmission rates.

Critical appraisal
The only randomized controlled trial17 suffered possible selection bias and performance bias
due to presumably not using opaque and sequentially numbered envelopes and the lack of
blinding of participants and personnel for treatment allocation (Online Resource 5). The 18
observational studies mainly suffered possible bias due to the lack of representative control
groups, the selection of patients for treatment allocation, no adjustment for confounders
and the lack of description of the follow-up (see Online Resource 6).

Figure 2.Forest plot of pooled incidence rate of readmission in patients that received
outpatient treatment.
Readmission
All 19 studies reported rates of readmission (Table1). Although, one retrospective
cohort study28reported a combined endpoint of non-elective readmission or emergency
department evaluation instead of solely readmission. The aforementioned two studies with
representative control groups found a 4.5% (3/66) and 6.3% (2/32) readmission rate in the
outpatient group versus a 6.1% (4/66) and 0.0% (0/44) readmission rate in the inpatient
17,24
group (p = 0.619 pand
= 0.174) respectively).
The pooled incidence rate of readmission
in the outpatient treatment group from all 19 studies was 7% (95% CI 6–9%) (Figure 2) When
only the rates of readmission in outpatient treatment groups from studies that employed
a representative ambulatory home treatment protocol (excluding 3 aforementioned
studies26,27,33
) were assessed, the pooled incidence rate did not change (pooled readmission
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rate 7%; 95% CI 6–9%,
I235%) (see Online Resource
7). Pooling the rates of readmission from
the 6 studies that solely included left-sided diverticulitis yielded comparable results (pooled
readmission rate 6%; 95% CI 3–9%,
I232%) (see Online Resource
8).
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Need for emergency surgery or percutaneous abscess drainage
A total of 16 studies reported rates of need for emergency surgery in the group of patients
that received outpatient treatment. In all 16 studies combined, only 2 (0.2%) of 1288
patients underwent emergency surgery. The need for percutaneous abscess drainage was
reported by 15 studies in which only 2 (0.2%) patients underwent percutaneous abscess
drainage from a combined total of 1082 patients. No mortality occurred in all studies.
Costs
Five studies reported a comparison of healthcare costs between outpatient and inpatient
treatment. No additional cost components such as production loss were reported. Outpatient
treatment resulted in average cost savings that ranged from 42 to 82% when compared to
inpatient treatment in 4 studies (Table2). One study only reported a cost saving of €1368.00
for outpatient treatment without reporting the absolute costs in each treatment group.26
Table 2.Average costs (in Euros) of patients that received outpatient or inpatient treatment.
17
Biondo, 2014
30
Lorente, 2013
22
Martin Gil, 2009
24
Moya, 2012
26
Rodriguez, 2013

Outpatient
treatment
547
882
1280
347
NR

Inpatient
treatment
1672
2376
2192
1945
NR

Savings in euros
1125
1494
912
1598
1368

Savings in
percentages
67%
63%
42%
82%
NR

Abbreviations: NR, not reported

DISCUSSION
The results of this systematic review show that outpatient treatment of uncomplicated leftsided colonic diverticulitis was associated with low readmission rates. The few readmissions
were mostly caused by vomiting or persistent pain but diverticular complications were very
rare. Furthermore, up to 82% potential healthcare cost savings were reported.
Since uncomplicated diverticulitis was treated with intravenous antibiotics routinely for a
long time, outpatient treatment has been a subject of research specifically in the last 7years.
Outpatient treatment has not been implemented in clinical practice in most countries. From
seven guidelines on the treatment of diverticular disease published in the last 5years37-43,
only 3 make a recommendation regarding outpatient treatment.39,41,42
All three suggest
outpatient treatment in a selected group of patients. Since only one randomized controlled
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trial was published on this topic, conclusions and recommendations are also based on
the available observational studies. Most of these studies have some drawbacks that
potentially introduce bias. First, since the natural course of left- and right-sided diverticulitis
may differ, diverticulitis literature should report the results for each subgroup separately.
Unfortunately, many papers, in this review, 8 out of 19 studies, fail to report the number
of right-sided diverticulitis patients in their studies. As the vast majority of patients in the
Western world suffer from left-sided diverticulitis, the primary aim was to draw conclusion
for this group of patients. Therefore, the meta-analysis of rates of readmission was repeated
for studies including only left-sided diverticulitis, which yielded similar results. Secondly,
most studies with inpatients as control group selected these patients based on lack of
meeting certain in- or exclusion criteria for admission or based outpatient treatment on
the clinical condition of the patients. This approach causes important selection bias and
makes a representative comparison between these groups impossible without adjusting for
confounders. This selection bias may not only affect the rate of readmission, but may also
cause an overestimation of the reported cost savings of outpatient treatment. Only two
studies could make a representative comparison; one based the treatment allocation on
randomization and one study based the treatment allocation of the time period the patients
were treated in, although the latter option does not rule out selection bias completely.17,24
Rates of readmission did not differ between the groups and were comparable with the
pooled rate from all 19 studies, although the total number of patients in these 2 studies was
low. Furthermore, it is questionable whether a comparison of readmission rates between
in- and outpatients is highly relevant. Due to the distinct natures of these readmissions,
the decision for outpatient treatment should be based on whether the absolute rate of
readmission in outpatients is considered acceptable. Third, three studies employed an
outpatient treatment protocol in such a way that it could not be applied in all general
hospitals.26,27,33
These studies treated all patients with intravenous antibiotics and daily
visits by a nurse. Since most readmissions appeared to be caused by vomiting or persistent
pain without diverticular complications, most patients actually requiring readmission could
presumably be treated with intravenous fluids and medications covering up the true need
for readmission. Fourth, almost all studies applied selection criteria for patients suitable for
outpatient treatment, mostly lack of comorbidity or immunosuppression, ability to tolerate
oral intake and adequate social network. Therefore, conclusions can only be drawn for this
same selected group of patients. Since evidence on the safety of outpatient treatment in
other patients is lacking, admission seems imperative for those patients.
This systematic review is limited by the lack of more than 1 randomized controlled trial.
All other 18 studies were observational cohort studies and 8 of them were retrospective.
This caused serious selection bias, which impaired the comparison between out- and
inpatient treatment. Also, although one randomized controlled trial was included, the main
conclusions are based on a much higher number of observational studies. Hence the quality
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New randomized clinical trials are needed to confirm the results derived mostly from
observational data. Also, selection of the patients suitable for outpatient treatment should be
refined and the safety of outpatient treatment for patients with limited comorbidity should
be considered. For now, a 7% readmission rate for outpatient treated acute diverticulitis
patients seems to be an acceptable and low frequency disadvantage, in the context of very
low complication rates. Therefore, outpatient treatment of uncomplicated diverticulitis
patients without comorbidity and immunosuppression, being able to tolerate oral intake,
and with an adequate social network seems to be a safe option. Only three of the included
studies treated patients without antibiotics, but since two previous randomized clinical
trials5,6showed the safety of omitting antibiotics in uncomplicated acute diverticulitis,
omitting antibiotics is likely to be equally safe in outpatient setting. Outpatient management
of uncomplicated diverticulitis is generally safe and may have the potential to decrease the
burden on healthcare costs substantially.
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of evidence is lower, but results are more robust. Moreover, heterogeneity in methodology
in the studies further limited exact comparison between the studies. Although, subgroup
analyses enabled conclusions to be made for the group of patients most of interest for
the majority of clinicians in the Western world. Strengths of this systematic review are the
large amount of data, yielding a more robust meta-analysis and the possibility for subgroup
analyses, and the application of a random effects model to account for heterogeneity.
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SUPPLEMENTARY MATERIAL
Online Resource 1.Comparison of included studies in present study with previously
published systematic reviews.

Al Sahaf 2008

Sanchez Reason for exclusion
2016
X

X

Biondo 2014

X

Estrada 2016

X

Etzioni 2010

X

Isacson 2015

X

Joliat 2017

X

No outpatient treatment
X

X
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Alonso 2010

Van Dijk Jackson Balasubra
2018 2014 2016
X
X
X

X

Lombardo 1991

X

Lorente 2013 X

X

Lutwak 2012

X

X

Mali 2016

X

Martin Gil 2009X

X

Mizuki 2005

X

Mora Lopez 2013

X

Only colonoscopy diagnosis

X
X

X

87% right-sided diverticulitis
Overlap in patient cohort Mora
Lopez 2017

Mora Lopez 2017
X
Moya 2012

X

Moya 2016

X

Park 2011
Pelaez 2006

X

X

X

X

X

X
X

X

Ridgway 2009

X

Rodriguez 2010X

X

Only right-sided diverticulitis
No outpatient treatment
X

Rodriguez 2013X

X

Rueda 2012

X

X

Sirany 2017

X

Unlu 2013

X
19
studies

X

X
9
studies

10 studies

11
studies
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Online Resource 2.Search strategy.
PubMed
diverticulitis[mesh] OR “diverticulitis, colonic”[mesh] OR diverticulitis[tiab] OR
diverticular[tiab]
AND
“Ambulatory Care”[Mesh] OR “Outpatients”[Mesh] OR ambulatory[tiab] OR
outpatient[tiab] OR “out-patient”[tiab] OR home[tiab]
EMBASE
1.

diverticulitis/

2.

“diverticulitis, colonic”/

3.

diverticulitis.ti,ab,kw

4.

diverticular.ti,ab,kw

5.

1 or 2 or 3 or 4

6.

“ambulatory care”/

7.

outpatients/

8.

ambulatory.ti,ab,kw

9.

outpatient.ti,ab,kw

10.

out-patient.ti,ab,kw

11.

home.ti,ab,kw

12.

6 or 7 or 8 or 9 or 10 or 11

13.

5 and 12
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Online Resource 3.Excluded studies.
Reason for exclusion:

1
Abbas 2013

No outpatient treatment

Al-Khalil 2016

Irrelevant article type

3
Al-Sahaf 2008

No outpatient treatment

Aprea 2012

No outpatient treatment

5
Beckham 2009

Irrelevant article type

Friend 2011

Irrelevant article type

Gargallo 2015

Irrelevant article type

8
Genser 2013

Irrelevant article type

Isacson 2016

Irrelevant article type

10
Kohn 2015

Irrelevant article type

2

4

6

7

9

Lombardo 1991

No computed tomographic of sonographic confirmation of diagnosis

12
Mizuki 2005

87% right-sided diverticulitis

11

Mora Lopez 2013

Overlap in patients cohorts

14
Paolillo 2015

Irrelevant article type

13

Chapter 13

Reference:

Papagrigoriadis 2004 No outpatient treatment
15

16
Ribas 2013

Irrelevant article type

Ridgway 2009

No outpatient treatment

Salem 2007

No computed tomographic of sonographic confirmation of diagnosis

19
Schmidt 2015

Irrelevant article type

Steurer 2013

Irrelevant article type

21
Tursi 2014

Irrelevant article type

17

18

20
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Design

Biondo RCT
2014

Alonso Pro2010 spective
cohort

Study
Study

CT

100%

Modified Hinchey
stage 1a on CT, able
to tolerate oral intake,
good response to first
treatment measures
in emergency
department
(improvement of
pain, fever and/or
tenderness), willing
to continue treatment
at home under
supervision.

Selection and definition
DiagLeft-sided Inclusion criteria
nosis
diverticul-itis
CT
100% No abscess, free air
or generalized ascites
on CT

Online Resource 4.Evidence table.

Pregnancy or
breastfeeding, intake
of antibiotic for colonic
diverticulitis in the
month previous to actual
diagnosis, colorectal
cancer suspicion at CT,
concomitant unstable
comorbid conditions,
immunosuppression,
cognitive social or
psychiatric impairment,
intolerance to oral intake
and persisting vomiting,
patients’ rejection of
written consent.

Inability to tolerate oral
intake, comorbidity
(diabetes mellitus,
heart failure, renal
insufficiency, chronic
obstructive pulmonary
disease), lack of
adequate family or social
support.

Exclusion criteria

Criteria for
assignment to
group
Only outpatient
group

Oral antibiotics, Assignment based
daily contact by on randomization
telephone for
5 consecutive
days by
the study
investigator,
appointment
with an
investigator
physician close
to day 14 after
discharge in
the outpatient
clinic.

Oral antibiotics,
follow-up
outpatient clinic
after 4-7 days

Outpatient
treatment

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage
Costs per
patient

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage
Readmission

Readmission

Outcome

Out: €547.05
In: €1671.75

Out: 0.0% (0/66)
In: 0.0% (0/66)

Out: 0.0% (0/66)
In: 0.0% (0/66)

Out: 4.5% (3/66)
In: 6.1% (4/66)

0% (0/70)

0% (0/70)

3% (2/70)

Results
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CT

CT

Estrada Pro2016 spective
cohort

Etzioni Retro2010 spective
cohort

Not
reported

100%

Modified Neff
classification 0
on CT, no acute
diverticulitis episode
in the last 3 months,
immunocompetent,
no significant
comorbidities
(diabetes mellitus,
renal insufficiency,
morbid obesity),
age <80 years, good
oral tolerance, good
symptom control
by oral medication,
adequate family
support, patients’
written informed
consent, maximum
one of SIRS criteria or
CRP >15.
Patients with a
primary episode of
acute diverticulitis that
received outpatient
treatment. Criteria for
outpatient treatment
were not mentioned.
Patients that were
admitted for inpatient
treatment on the
day of ED evaluation
or the next calendar
day, prior diagnosis of
colorectal cancer or
inflammatory bowel
disease, treatment of
diverticulitis episode
without antibiotics.

Mild diverticulitis
patients that received
at least one dose
of antibiotic in the
emergency department.

Outpatient
treatment not
specified.

No antibiotics,
review in
the surgical
outpatients
clinic after 48h
and 7 days.

Chapter 13

Only outpatient
group

All outpatients met
in- and exclusion
criteria, all
inpatients did not

Out: 0.0% (0/36)
In: 0.0% (0/9)

Out: 11.1%
(4/36)
In: 33.3% (3/9)
Out: 0.0% (0/36)
In: 0.0% (0/9)

Non-elective
5.6% (39/693)
readmission
or emergency
department
evaluation
within 60 days
after the date
of the index
ED evaluation

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage

Readmission
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CT

CT

Lorente Retro2013 spective
cohort

CT

Joliat
Retro2017 spective
cohort

Isacson Pro2015 spective
cohort

Not
reported

96%

100%

High fever, affected
general condition,
peritonitis, septicaemia,
ongoing antibiotic
therapy, dehydrated
patient or persistent
vomiting in need of
intravenous fluid
administration, pain
requiring intravenous or
subcutaneous morphine,
immunologically
comprised patients,
pregnancy, dementia,
patients with language
barriers, patients who
cannot take care of
themselves at home
or are unable to follow
instructions.
Modified Hinchey 1a, Patients requiring
pneumoperi-toneum
an immediate (at
<2cm or abscess
admission) percutaneous
<4cm. Responded to drainage or surgery.
questionnaire.
Modified Hinchey
None
1a on CT, tolerance
to oral intake prior
to discharge from
the ED, absence of
comorbidities and
adequate family of
social support.

Modified Hinchey
1a on CT, written
informed consent.

Assignment based Readmission
on decision of
attending physician.

Out: 0.0% (0/90)
In: 0.0 (0/46)

Out: 0.0% (0/90)
In: 0.0 (0/46)

Out: €882.00
In: €2376.00

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage
Costs per
patient

Out: 5.6% (5/90)
In: 4.3% (2/46)

Out: 10.2%
(10/98)
In: 32.0%
(54/169)

0.6% (1/155)

0.0% (0/155)

Need for
emergency
surgery

Need for
percutaneous
abscess
drainage

2.6% (4/155)

Readmission

Oral antibiotics, Assignment based Readmission
outpatient clinic on decision of
visit 4-7 days attending physician.
after diagnosis

Oral antibiotics.

No antibiotics,
Only outpatient
daily contact via group
telephone by a
nurse, surgical
clinic visit after
1 week and 3
months.
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CT

CT

CT

Lutwak Retro2012 spective
cohort

Mali
Pro2016 spective
cohort

Martin ProGil 2009
spective
cohort

Not
reported

94%

Not
reported
Patients in septic shock,
hemodynamically
comprised, generalized
peritonitis, requiring
aggressive surgical
treatment.

Ongoing treatment
with antibiotics,
immunosuppressive
state (including diabetes
mellitus, chemotherapy
or chronic liver disease),
suspicion of peritonitis,
organ failure, another
infection requiring
treatment with
antibiotics, pregnancy,
>90 years old, missing
signed informed
consent.
Hinchey 1 diverticulitis Immunosuppressed
and a selected
patients
group of Hinchey 2
patients (abscess size
<3cm, clinically and
biochemically stable).

No abscess, fistula or
obstruction, free air in
the abdominal cavity
or retroperitoneal air
on CT, pericolic air was
allowed.

Uncomplicated
diverticulitis without
abscess on CT, reliable,
able to tolerate the
oral medication,
lacked significant comorbidities, adequate
social support.

Out: 0.0% (0/21)
In: 0.0% (0/21)

Need for
percutaneous
abscess
drainage
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Observation
Only outpatient
for 24 hours in group
the emergency
room with
nil-per-os diet
and intravenous
antibiotics,
discharge from
the ED with
oral antibiotics,
outpatient clinic
visit 10 days
after diagnosis.

0.0% (0/74)

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage
Costs per
patient

Out: €1280.00
In: €2192.00

0.0% (0/74)

5.4% (4/74)

Out: 0.0%
(0/140)
In: 0.0% (0/21)

Readmission

Need for
emergency
surgery

Out: 2.9%
(4/140)
In: not reported

Out: 0.0% (0/21)
In: 0.0% (0/21)

Out: 14.3%
(3/21)
In: 0.0% (0/21)

Need for
emergency
surgery

Assignment based Readmission
on decision of
attending physician.

No antibiotics,
Assignment based Readmission
clinical control
on decision of
after 24 to 48h.
attending physician.

Oral antibiotics.
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CT

CT

Moya
Retro2016 spective
cohort

CT

Moya
Pro2012 spective
cohort

Mora
Pro2017 spective
cohort
Modified Neff
classification 0 =
diverticulitis without
abscess or distant
free air, comfortable
enough and able to
tolerate liquids.

Oral antibiotics,
clinical checks
at 4 days and 7
days.

Oral antibiotics,
clinical checks
and tests at 4
days and 7 days.

Diabetes mellitus,
Oral antibiotics,
alcoholism, liver disease, surgical
heart disease, neoplastic outpatient clinic
disease, inflammatory
visit after 2
intestinal disease,
weeks
previous hospitalization
in the last 30 days, age
>80 years, lack of family
support, one of the SIRS
criteria

Out: 84% Diverticulitis
None
In: 91% without abundant
free fluid, intraabdominal abscess or
pneumoperitoneum
on CT, age <90 years,
immunocompetent
patient, tolerating
oral intake, no signs
of severe sepsis,
adequate family
or social support
network.
95%
Peridiverticulitis or
None
abscess <3cm on
CT, age <90 years,
immunocompetent,
tolerated oral intake,
no signs of severe
sepsis, adequate
family and social
support network.

Not
reported

0.0% (0/224)

0.0% (0/224)

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage

Out: €347.31
In: €1945.26
8.0% (18/224)

Out: 0.0% (0/32)
In: 0.0% (0/44)

Out: 6.3% (2/32)
In: 0.0% (0/44)
Out: 0.0% (0/32)
In: 0.0% (0/44)

Out: 0.0%
(0/254)
In: 2.8%
(5/176)
0.0% (0/254)

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage
Readmission

8.7% (22/254)

Readmission

Assignment to
outpatient or
inpatient group
Need for
based on time
emergency
period, between
surgery
January 2007
and May 2008
Need for
as inpatients
percutaneous
and between
May 2008 and abscess
drainage
December 2009 as
outpatients.
Costs per
patient
Only outpatient
Readmission
group

All outpatients met
in- and exclusion
criteria, all
inpatients did not
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CT

CT

Pelaez
Pro2006 spective
cohort

Rodrig- Prouez
spective
2010 cohort

Not
reported

100%

No abscess or
perforation,
phlegmon, fistula
or obstruction on
CT, care giver 24h
a day, absence of
immunosuppressive
therapy, acceptance
of home treatment,
improvement
clinical condition in
observation ward,
present comorbidity
(cardiopathy, diabetes
mellitus, chronic renal
failure).

Uncomplicated
diverticulitis without
abscess on CT.

None

Vomiting, major
comorbidities (diabetes
mellitus, heart failure,
renal failure), no family
or social support.
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Only outpatient
Treatment in
group
Hospital at
Home Unit
after a 12-18h
observation at
the Emergency
Department
Observation
Ward, treatment
at patient’s
home with
intravenous
antibiotics until
their clinical
condition
improved after
which the
antibiotics were
administered
orally, physician
visits 2-3 per
week, nurse
daily visits

Oral antibiotics, Only outpatient
outpatients
group
clinic visit at 4
and 7 days after
diagnosis
0.0% (0/40)

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage
Readmission

0.0% (0/24)

0.0% (0/24)

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage

0.0% (0/24)

0.0% (0/40)

5.0% (2/40)

Readmission
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Rueda
Retro2012 spective
cohort

Rodrig- Prouez
spective
2013 cohort

CT

CT

Not
reported

Not
reported

Hinchey 1 or 2 on
None
CT, patients younger
than 80 years of age
who presented in
good general health,
ASA 1 or 2, absence
of clinical signs of
complications such as
peritonitis, vomiting
or severe abdominal
distension, family
could provide proper
environment, the
patient agreed to
receive home care.

No peritonitis or
Clinical worsening in the
abscess, fistula or
observation ward of the
obstruction on CT, age emergency department,
> 70 years, care giver b-lactam allergy
24h a day, willing to be
treated at home.

Treatment in
Hospital at
Home Unit
after a 24h
observation at
the Emergency
Department
Observation
Ward, treatment
at patient’s
home with
intravenous
antibiotics
until 4-6 days
after which the
antibiotics were
administered
orally, physician
visits 2-3 per
week, nurse
daily visits.
Treatment in
the Home Care
Unit, home
treatment but
not specified,
treatment with
intravenous
antibiotics
0.0% (0/34)

Need for
emergency
surgery
Need for
percutaneous
abscess
drainage
Costs per
patient

Out: 21.1%
(8/38)
In: 27.8% (5/18)

Outpatient
€1368.00
cheaper than
inpatient,
absolute costs
not reported

0.0% (0/34)

0.0% (0/34)

Readmission

All outpatients met Readmission
inclusion criteria, all
inpatients did not

All outpatients met
in- and exclusion
criteria, all
inpatients did not
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CT

CT or
sonograp-hy

Sirany
Retro2017 spective
cohort

Ünlü
Retro2013 spective
cohort

100%

96%

Hinchey 1 on
ultrasound or CT

Modified Hinchey 1a,
pericolic extraluminal
air, diverticular
abscess

Recurrent diverticulitis,
right sided diverticulitis,
incomplete follow-up.

Need for
percutaneous
abscess
drainage
Readmission

Need for
emergency
surgery

Assignment based Readmission
on decision of
attending physician.
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Hospital
Assignment based
admission less
on decision of
than 24h, all attending physician.
managed in
the emergency
Need for
department,
emergency
outpatient clinic
surgery
visit after 1
week.
Need for
percutaneous
abscess
drainage

Patients without follow- Oral antibiotics.
up after the index
encounter, previous
colonic resection, history
of inflammatory bowel
disease.

Out: 0.0%
(0/118)
In: 0.5% (1/194)

Out: 0.8%
(1/118)
In: 1.5% (3/194)

Out: 8.5%
(10/118)
In: not reported

Out: 0.0% (0/96)
In: 4.2% (6/144)

Out: 12.5%
(12/96)
In: 15.3%
(22/144)
Out: 1.0% (1/96)
In: 6.9% (10/144)

Online Resource 5.Risk of bias table of randomized clinical trial Biondo et al.17
Entry
Random sequence generation
(selection bias)

Judgement
Low risk

Allocation concealment
(selection bias)
Blinding of participants and
personnel (performance bias)
Blinding of outcome
assessment (detection bias)
Incomplete outcome data
addressed (detection bias)

Unclear risk

Selective reporting (reporting
bias)

Low risk
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High risk
Low risk
Low risk

Support for judgement
“Randomization was performed by using a
computer-generated random code and stratified
by centre. The random code was held centrally in
a sealed envelope and distributed to each centre
by the monitor of the study.”
No information whether envelopes were
sequentially numbered or opaque.
No blinding of participants and personnel.
No blinding but outcome not likely to be
influenced.
In both group one patient lost to follow-up, in
the control group 1 protocol violation and in the
intervention group 2 adverse events.
No protocol available but all relevant outcomes
reported.
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B*

-

Assess-ment
of outcome

Comparability of
cohorts

Online Resource 6.Newcastle Ottawa risk of bias table of observational cohort studies.

A*

A*

D

D

D

D

A*

A*

D

C

B*

A*

D

C

B*

D

A*

B*

Adequacy of
follow up of
cohorts

6

6

5

4

4

5

6

7

5

5

6

6

5

4

6

5

6

6

Total

Online Resource 7.Forest plot of pooled incidence rate of readmission in patients that
received outpatient treatment excluding 3 studies that employed a deviated protocol.26,27,33

Online Resource 8.Forest plot of pooled incidence rate of readmission in patients that
received outpatient treatment only from studies with confirmed 100% left-sided diverticulitis.
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ABSTRACT
Objective
To estimate the prevalence of CRC (colorectal carcinoma) and ACN (advanced colorectal
neoplasia) only in CT-proven acute diverticulitis patients.
Background
Acute diverticulitis traditionally has been associated with an increased risk for colorectal
malignancy, which warranted routine colonoscopy after acute diverticulitis. Improved
diagnostics by CT may reduce the number of misdiagnoses of diverticulitis instead
of malignancy, and make routine colonoscopies redundant. However, nowadays most
guidelines still recommend routine colonoscopy in acute diverticulitis patients.
Methods
PubMed and EMBASE were searched for studies reporting the prevalence of ACN or
CRC in patients who underwent colonoscopy within one year after CT-proven leftsided acute diverticulitis. The prevalence was pooled using a random effects model
and, if possible, compared to asymptomatic controls.
Results
Seventeen studies with 3296 patients were included. The pooled prevalence of ACN
was 6.9% (95%CI 5.0%-9.4%) and of CRC 2.1% (95%CI 1.5%-3.1%). Only two studies
reported a comparison with asymptomatic controls, yielding comparable risks (RR
1.80, 95%CI 0.66-4.96). Subgroup analysis of uncomplicated acute diverticulitis
patients showed a CRC prevalence of only 0.5% (95%CI 0.2%-1.2%).
Conclusions
Direct comparisons of ACN and CRC prevalence between patients with CT-proven
diverticulitis and asymptomatic controls are limited but show comparable rates. The
prevalence of CRC in all diverticulitis patients is slightly higher than in asymptomatic
screening controls from literature (0.4-1.0%). Patients with uncomplicated diverticulitis
show a CRC prevalence comparable to these controls. Therefore, routine colonoscopy
can be omitted at least in uncomplicated diverticulitis patients, but may be needed for
differential diagnosis after non-surgical treatment of complicated diverticulitis.
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Acute colonic diverticulitis is a common condition in the Western world. It is responsible for
over 200,000 hospital admissions in the USA yearly and incidence rates of acute diverticulitis
have been increasing rapidly over the last decades.1-3 The follow-up strategy after an episode
of acute diverticulitis remains a topic of debate. Acute diverticulitis traditionally has been
associated with an increased risk for colorectal malignancy, which has led to routine colonic
evaluation by colonoscopy after the acute diverticulitis episode resolved. However, a causal
association between colonic diverticulitis or diverticulosis and malignancy has never been
found. The association is most likely caused by misdiagnosis of colorectal malignancy as
acute diverticulitis. The fact that acute diverticulitis used to be diagnosed by the clinical
picture or barium enemas and later on by ultrasonography, probably increased the number
of misdiagnoses and thereby played a role in establishing this association between acute
diverticulitis and colorectal malignancy.4,5Nowadays, computed tomography (CT) is widely
available. Whereas the overall diagnostic accuracy for the diagnosis of acute diverticulitis
by ultrasonography and CT are comparable, CT yields higher accuracy for the detection of
an alternative diagnosis such as colorectal carcinoma.6,7The use of CT may decrease the
number of misdiagnoses and therefore reveal the true prevalence of malignancy in acute
diverticulitis patients.
If these acute diverticulitis patients are not at higher risk for colorectal malignancy, a
considerable number of colonoscopies may be prevented. This may not only reduce
the burden of healthcare utilization, but also prevent colonoscopy-related morbidity
such as perforation or secondary bleeding and patients’ discomfort.8-10 Even though
the risk of colorectal carcinoma in acute diverticulitis patients has been topic of debate
in multiple studies, published guidelines report conflicting recommendations.11-18 The
majority of guidelines still recommends routine colonoscopy after an episode of acute
diverticulitis.11,13-15,17,18
In recent years, several new studies have been published on this
topic. Therefore, a new systematic review can include more studies and apply stricter inand exclusion criteria, yielding more robust evidence.
The objective of this review was to assess the prevalence of colorectal carcinoma (CRC) as
well as advanced colorectal neoplasia (ACN), as a clinically relevant additional finding, given
the potential of progression into malignancy19, in CT-proven acute diverticulitis patients in
comparison with asymptomatic controls from the general population.

METHODS
Study identification
Two authors, SR and SD, independently searched PubMed and MEDLINE databases for
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INTRODUCTION

studies published up to April 2018, with the following search terms: diverticulitis
, diverticular,
colonoscopy, colonic evaluation, colon cancer, colon carcinoma, colorectal cancer, colorectal
carcinoma, sigmoid cancer, and sigmoid carcinoma. The search strategy is shown in
supplemental table 1.Additionally, a manual cross reference search of the reference lists
of relevant articles was performed to identify other studies not found in the initial search.
No language limits were applied. MOOSE guidelines for reporting were followed20
. A review
protocol for this systematic review has not been published or registered before this study
was undertaken.
Study selection
Studies eligible for inclusion were: randomized clinical trials or observational cohort studies
including CT-proven acute colonic diverticulitis patients and reporting rates of ACN or
CRC at colonoscopy. Only patients who underwent colonoscopy within one year after the
acute diverticulitis diagnosis were included. Studies that did not quantify the number of
right-sided diverticulitis patients but were from Western origin, were included under the
21-23
assumption that in the Western world the vast majority of cases (usually above 90%
)
concern left-sided diverticulitis. Right-sided diverticulitis was defined as a location proximal
to the splenic flexure. Reviews, conference abstracts, letters to the editor, animal studies
and studies with less than ten patients were excluded. In case of studies with overlapping
patient cohorts, the largest study was included. The two reviewers independently considered
all studies retrieved from the search for eligibility against these criteria. Any disagreements
in any phase of the study selection, quality assessment or data extraction were resolved
through discussion.
Quality assessment
The two reviewers (SR and SD) critically appraised each study using the Newcastle Ottawa
Quality Assessment Scale for cohort studies.24
Data extraction
Data from each included study were extracted by 2 reviewers independently using a
predefined extraction table. These data included study setting, study design (prospective or
retrospective data collection), type of patient (uncomplicated vs complicated diverticulitis),
number of patients, patient age, proportion of complete colonoscopies (cecal intubation),
time interval between acute diverticulitis episode and colonoscopy, number of colonoscopyrelated complications (complications as reported by the studies), number of patients with
ACN, number of patients with CRC and location of CRC, and outcome results from logistic
regression analyses. From some studies only a subgroup of patients, that fulfilled the inand exclusion criteria of the present systematic review, was included for analysis; i.e. only
patients that underwent colonoscopy or only patients that underwent colonoscopy within
one year after the acute diverticulitis episode.
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Statistical analysis
Prevalence rates of CRC and ACN were pooled and displayed using forest plots and a random
effects model (DerSimonian and Laird). Comparison between groups of diverticulitis patients
and asymptomatic controls was expressed as pooled relative risks (RR) with 95% confidence
intervals (95% CI). Statistical heterogeneity was assessed using2and
χ I2. Funnel plots were
used to assess publication bias. Statistical analyses were conducted using RStudio (RStudio
Inc., Boston, MA, USA).
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Outcome measures
Primary outcome measures were occurrence of CRC and ACN at follow-up colonoscopy.
These rates were, when reported by the studies, compared to asymptomatic control cohorts.
A sensitivity analysis was performed to assess rates of CRC and ACN in uncomplicated and
complicated acute diverticulitis patients separately. ACN was defined by CRC or advanced
adenoma (AA), according to the most advanced lesion per patient. AA was defined as an
adenoma either >10 mm, or with
>25% villous features (also classified as tubulovillous or
villous histology), or with high-grade dysplasia.25Secondary outcome was colonoscopyrelated adverse events.

RESULTS
Study selection
The search retrieved 4164 records (figure 1). After removal of 752 duplicates, 3412 records
were screened based on title and abstract and 136 full text articles were assessed for
eligibility. Cross-referencing did not identify additional relevant studies. Seventeen studies
fulfilled the in- and exclusion criteria and were included in this systematic review. The search
retrieval is shown in figure 1. The reasons for exclusion of full text articles are shown in
supplemental table 4.
Study characteristics
Study characteristics are shown in table 1. All studies were published after 2003. Four
30-42
were prospective cohort studies26-29
and 13 were retrospective cohort studies
. Five
26,32-34,36
27-31,35,37-42
studies
only included patients with left-sided acute diverticulitis, 11 studies
did not report the proportion of left-sided diverticulitis but were conducted in the
Western world, and from one Korean study33 only the subgroup of left-sided diverticulitis
patients was included in the present review. Most studies included all acute diverticulitis
patients, two studies28,30
only included patients with uncomplicated diverticulitis. Eight
studies26,28,29,32-34,36,37
excluded patients who underwent colonoscopy prior to, varying from six
26-42
months to two years, the acute diverticulitis diagnosis. CRC was reported in all 17 studies.
Eight studies28,31-34,37,38,40
used the correct definition of AA and could therefore be used for
the outcome ACN (CRC and AA combined). Only two studies included a control group of
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Figure 1.PRISMA flow diagram of selection for this review.
asymptomatic controls from a screening colonoscopy cohort34,37
; one study37 matched each
diverticulitis patient to a control patient based on gender and age, and the other study34
selected patients between 50 and 75 years of age, resembling the age of acute diverticulitis
patients. Ten out of the 17 studies reported whether patients had undergone a complete
colonoscopy. Six studies29-31,34,36,37
reported cecal intubation rates above 90% and the cecal
intubation rate in the other four studies28,32,38,39
ranged between 76% and 88%.
Population characteristics
A total of 3296 patients with acute diverticulitis was included in this review. The subgroup of
uncomplicated acute diverticulitis patients across studies consisted of 959 patients.
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Table 1.Summary of study characteristics.
Setting

Design

Alexandersson302014 Iceland

Retro

Leftsided
NR

Andrade
2017
Brar32
2013
Chabok26
2013
Choi33
2014
Daniels34
2015
Elmi35
2013
Hjern27
2007
Lahat28
2007
Lau36
2011
Lecleire37
2014
Ou38
2015
Sakhnini29
2004
Sallinen39
2014
Schmilovitz40
2012
Suhardja41
2017
Zaman42
2017

Portugal

Retro

NR

Canada

Retro

Sweden

31

Cecal
intubation
91%

Age (years)
Mean/median
58 (IQR 50-67)

100%

55 ± 11.1

100%

86%

55 (range 27-90)

Pros

100%

NR

56 (range 27-84)

Korea

Retro

100%

NR

Netherlands

Retro

100%

91%

USA

Retro

NR

NR

Sweden

Pros

NR

NR

Israel

Pros

NR

88%

Australia

Retro

France

Retro

NR

97%

60.9 ± 12.6

Canada

Retro

NR

80%

59.4 ± 15.1

Israel

Pros

NR

98%

63 (range 30-89)

Finland

Retro

NR

76%

58.3 ± 13.9

Israel

Retro

NR

NR

61.8 ± 14.3

Australia

Retro

NR

NR

58.8 (IQR 47-71)

UK

Retro

NR

NR

100%

93%

NR
57 (IQR 49-65)
NR
56 (range 29-79)
60 ± 12.7
NR

NR

Abbreviations: pros, prospective cohort study; retro, retrospective cohort study; NR, not reported; IQR, interquartile
range

Critical appraisal
The Newcastle Ottawa risk of bias table is shown in supplemental table 2. The quality of
studies varied from moderate to good, ranging from four to seven stars on the Newcastle
Ottawa risk of bias scale. Most studies were mainly biased by the lack of a control group or
the limited comparability between acute diverticulitis patients and groups of asymptomatic
controls. Furthermore, most studies did not state which patients, among all patients that
were diagnosed with acute diverticulitis, eventually underwent colonoscopy. Patients
with a deviant clinical course may have undergone surgery before colonoscopy could be
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Study

performed, risking selection bias for the patients that did undergo colonoscopy. The risk of
publication bias was assessed for two outcomes: prevalence of CRC in all acute diverticulitis
patients and the prevalence of CRC in the subgroup of uncomplicated acute diverticulitis
patients (supplemental figures 1a and 1b). The funnel plot of studies assessing all acute
diverticulitis patients was slightly asymmetrical regarding small studies. Some small studies
showing higher proportions of CRC may be considered missing. The funnel plot of the
subgroup analysis in uncomplicated acute diverticulitis was symmetrical.

Figure 2.Forest plot of CRC prevalence in groups of acute diverticulitis patients compared
to asymptomatic controls.
Prevalence of CRC and ACN
The risk of CRC in acute diverticulitis patients and asymptomatic controls was comparable
(RR 1.80, 95% CI 0.66-4.96), in the meta-analysis of data of only two studies with a control
group.34,37
(Figure 2) All 17 studies reported rates of CRC in acute diverticulitis patients,
yielding a pooled CRC prevalence of 2.1% (95% CI 1.5%-3.1%
; I240%
) (figure 3a). The pooled
28,31-34,37,38,40
prevalence of ACN was 6.9% (95% CI 5.0%-9.4%
; I261%) (eight studies
; figure 3b).

Figure 3a.Forest plot of CRC prevalence in acute diverticulitis patients.
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The subgroup analysis of 959 uncomplicated acute diverticulitis patients from six
studies28,30-32,40,41
showed a pooled CRC prevalence of 0.5% (95% CI 0.2%-1.2%;
I2 0%)
(figure 4a). Subgroup analysis of 197 complicated acute diverticulitis patients from four
2
studies31,32,40,41
showed a pooled CRC prevalence of 8.3% (95% CI 4.2%-15.8%;
40%) (Figure
I
4b). Ten studies29,30,32,34-39,42
, including 43 cases of CRC, reported the localisation of the
carcinoma. Almost all cases (41 out of 43) were found at the site of the acute diverticulitis
.

Figure 4a.Forest plot of CRC prevalence in the subgroup of uncomplicated acute diverticulitis
patients.

Figure 4b.Forest plot of CRC prevalence in the subgroup of complicated acute diverticulitis
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Figure 3b.Forest plot of ACN prevalence in acute diverticulitis patients.

patients.

Two studies assessed risk factors for ACN in the same groups of acute diverticulitis patients
that were included in the present systematic review using logistic regression analyses.31,32
Both found that patients with an abscess were at significantly higher risk for the presence
of ACN in comparison with uncomplicated acute diverticulitis patients (multivariable odds
ratios of 3.15 (95% CI 1.59-11.59) and 4.15 (95% CI 1.68-10.30), respectively). Al
age was an independent predictor for the presence of ACN in both studies. Two more
studies36,39
performed logistic regression analyses for patients who underwent colonoscopy
and patients whose follow-up data were collected using a cancer registry. These two studies
assessed the risk for CRC instead of ACN. Nevertheless, these studies found comparable
results to studies only including patients that underwent colonoscopy; diverticular abscess
was an independent risk factor for (the presence of) CRC in both studies.
Colonoscopy-related adverse events
Only four studies28,29,37,40
reported colonoscopy-related adverse events. In two studies28,40
no
29,37
complications occurred (in 86 and 100 patients, respectively) and in the other two studies
three patients in total (from 404 and 93 patients, respectively) developed a perforation after
colonoscopy; one secondary to polypectomy and two diverticular perforations.

DISCUSSION
This systematic review demonstrated a CRC prevalence of 2.1%95%
(
CI 1.5%-3.1%)
and a
ACN prevalence of 6.9%95%
(
CI 5.0%-9.4%
) in patients with CT-proven acute diverticulitis.
The risk of having CRC seemed to be comparable between acute diverticulitis patients and
asymptomatic controls (RR 1.80, 95% CI 0.66-4.96)
. However, since only two studies could
be included in this comparison, this analysis was underpowered and no firm conclusions
can be made. Opposed to the 2.1% CRC prevalence in all acute diverticulitis patients, the
prevalence of CRC in patients with uncomplicated acute diverticulitis was only 0.5% (95% CI
0.2%-1.2%).
19,43,44
Three systematic reviews on this topic have been published in 2014.
The selection of
studies included differed among the reviews and differed largely from the present systematic
review. Few studies included in the previous reviews were included in the present systematic
review, mainly because of differences in in- and exclusion criteria. (Supplemental table 3)
Only one systematic review44 has assessed the prevalence of CRC in all acute diverticulitis
patients, yielding a prevalence of 1.6% (95% CI 0.9%-2.8%). The slightly lower prevalence
compared to the results of the present systematic review may be explained by the fact
44
that the 2014 meta-analysis
has included (a) two studies45,46
in which some patients are
47
diagnosed by ultrasonography, (b) one study in which colonic evaluation is performed by
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barium enema or CT-colonography in some patients, (c) one study48 that has performed
colonoscopies up to two years prior to the acute diverticulitis episode, (d) two studies28,49
with overlapping patients cohorts, and (e) one conference abstract never published as full
paper50. The three previous systematic reviews found a slightly higher prevalence of CRC in
uncomplicated acute diverticulitis patients compared to the 0.5% in the present systematic
19
43
44
review; 1.5% (95% CI 1.0%-2.3%)
, 1.2% (95% CI 0.7%-1.9%)
and 0.7% (95% CI 0.3%-1.4%)
.
Again these slightly higher prevalences may be explained by differences in studies included
in the reviews. Two reviews19,44
have included studies26,29,35,36
also comprising complicated
diverticulitis patients rather than the intended uncomplicated patients only. Furthermore,
these prior systematic reviews have included several studies specifically excluded in the
present systematic review because part of the diverticulitis diagnoses were made using
ultrasonography46,51
and not CT, colonoscopies were performed up to two years prior48 or up
35
to 11 years
after the acute diverticulitis episode, or studies only have been published as a
conference abstract and to date not as a full paper50,52,53
. Moreover, one of the systematic
reviews43 has reported a crude mean proportion instead of using fixed or random effects
model with a pooled, weighted mean proportion. The prevalence of ACN is reported in only
one previous systematic review19 with a prevalence of 5.0% (95% CI 3.8%-6.7%), comparable
to the present review.

In order to assess the role of colonoscopy after an episode of acute diverticulitis, the
prevalence of CRC and ACN needs to be compared to healthy individuals without acute
diverticulitis, being asymptomatic controls. Since studies including such a control group
were scarce, the only other way is to compare prevalence found in the present systematic
review to published data of cohorts of asymptomatic individuals.54-61 Eight studies assessed
the prevalence of CRC and ACN in asymptomatic individuals that underwent screening
colonoscopy (not related to diverticulitis). One study56 included asymptomatic individuals
54,55,57-61
over 40 years of age, the other seven studies
included only those over 50 years
of age, comparable to the age of the acute diverticulitis patients included in the present
systematic review. All eight screening colonoscopy studies found a prevalence of CRC
between 0.4% and 1.0%. The prevalence of ACN ranged between 3.8% and 10.3%. When
comparing this prevalence in asymptomatic controls to the prevalence in acute diverticulitis
patients found in the present systematic review (CRC 2.1% and ACN 6.9%), the prevalence
of CRC in acute diverticulitis patients seems to be higher than in asymptomatic screening
subjects. However, the 0.5% CRC prevalence in uncomplicated acute diverticulitis patients
is comparable to the prevalence in controls. On the other hand, the prevalence of ACN
in acute diverticulitis patients seems to be comparable to controls. However, it is possible
that the true ACN prevalence may be slightly higher in acute diverticulitis patients due to
incomplete colonoscopies. Cecal intubation at colonoscopy may be more difficult after
acute diverticulitis as luminal narrowing, spasm, muscular hypertrophy and fixation can
cause technical difficulties.8,9,62
Of the 10 studies that reported the proportion of complete
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colonoscopy (cecal intubation), four studies did not have adequate cecal intubation rates
63
(at least 90%
) which could have led to an underestimation of the ACN prevalence. Since
almost all cases of CRC are found at the site where acute diverticulitis is diagnosed, the
effect of these lower cecal intubation rates is considered to be limited for the prevalence of
CRC, but maybe important for the prevalence of ACN.
It has been proposed that the association between acute diverticulitis and colorectal
malignancy is not a causal association.64 Most likely colorectal carcinomas are sometimes
misdiagnosed as acute diverticulitis due to comparable clinical and radiological signs. As the
risk of malignancy is predominantly increased in complicated acute diverticulitis patients,
misdiagnosis seems to be an issue particularly in these complicated diverticulitis patients.
And vice versa, the comparable prevalence of CRC in asymptomatic screening controls and
uncomplicated diverticulitis patients supports this misdiagnosis hypothesis. Apparently,
a colorectal malignancy is not easily missed in a radiological image of uncomplicated
diverticulitis but it can be missed in a radiological image of complicated diverticulitis.
A strength of this systematic review is that, although strict in- and exclusion criteria were
applied, a large number of studies could be included. Only patients with a CT-proven diagnosis
of acute diverticulitis were included, limiting the number of misdiagnoses in a scenario with
the use of CT. Furthermore, only patients that underwent colonoscopy within one year
after the diagnosis of acute diverticulitis were included, preventing that patients who did
not have a malignancy at the time of acute diverticulitis but developed a malignancy years
after the episode were included in the analysis. These factors contributed to a more robust
meta-analysis and allowed subgroup analysis of uncomplicated acute diverticulitis patients.
Using this subgroup analysis, a clear view of the association between acute diverticulitis and
colorectal malignancy could be given. It supports the general concept that the association is
based on misdiagnosis rather than causality.
An important limitation of this review is the lack of studies including asymptomatic controls.
Only two studies included such a control group and therefore conclusions can be mainly
based on the comparison with the CRC prevalence in asymptomatic controls reported in
literature. Although a direct comparison would have been preferable, the consistency of
the prevalence in literature seems to be a sign of the trustworthiness of this comparison;
the CRC prevalence in all studies from literature (0.4%-1.0%) is below the 95% CI of the
prevalence in acute diverticulitis patients in the present review (95% CI 1.5%-3.1%) but is
within the 95% CI of the prevalence of uncomplicated acute diverticulitis patients (95%
CI 0.2%-1.2%). Another limitation may be that the group of patients that underwent
colonoscopy may have been subject to selection bias. Patients with a protracted clinical
course may have underwent surgery before a colonoscopy could have been done, leading
to possible underestimation of the prevalence of malignancy. On the other hand, patients
with uncomplicated diverticulitis who did not develop persistent complaints are more likely
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Several national and international guidelines on acute diverticulitis have been published
in recent years.11-18 The recommendations made in these guidelines are conflicting and
the evidence on which the recommendations are based differs. The majority of guidelines
(six out of eight) recommends routine colonoscopy after an episode of acute diverticulitis
to rule out malignancy.11,13-15,17,18
Although, the American Gastroenterological Association
(AGA) guideline17 suggests that prior colonoscopies, comorbidities, persistent symptoms
and patients preferences may influence the decision. The scientific grounds for the
recommendations in these six guidelines are noteworthy. Whereas the AGA17 and German15
guidelines use a previous systematic review, two guidelines11,18
use only two observational
studies, and an Italian guideline13 published in 2015 states that evidence based data
were not available. The American Society of Colon and Rectal Surgeons guideline14 made
a strong recommendations based on low quality of evidence studies but mainly based
their recommendation for routine colonoscopy on studies that assessed the risk for
malignancy in a selected group of patients with signs suggestive for malignancy such as
colonic wall thickening or mass on CT. Two guidelines12,16
recommend not performing
routine colonoscopies after an episode of acute diverticulitis, of which the World Society of
Emergency Surgery (WSES) guideline16 recommends omitting colonoscopy in uncomplicated
acute diverticulitis patients only. The fact that the AGA17 and the WSES16 guideline make
opposite recommendations based on the same systematic reviews from 2014, highlights the
interpretational uncertainty of previous evidence. The more robust evidence as provided in
the present systematic review may reduce the conflicting interpretation of evidence, and
may result in higher levels of consensus on this topic.
In conclusion, direct comparisons of ACN and CRC prevalence between CT-proven
diverticulitis patients and asymptomatic controls are limited but show comparable rates.
The prevalence of CRC in all diverticulitis patients is slightly higher than in controls, whereas
uncomplicated diverticulitis patients show a CRC prevalence comparable to asymptomatic
controls. The potential gain of a colonoscopy should be weighed against the potential
disadvantages of a colonoscopy such as the (small) risk of perforation, patients’ discomfort
and burden of healthcare utilisation. Therefore, routine colonoscopy can be omitted at least
in uncomplicated diverticulitis patients, but may be needed for differential diagnosis after
non-surgical treatment of complicated diverticulitis.
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to not have underwent colonoscopy due to doctor or patient preferences which means the
CRC prevalence may have been overestimated.
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SUPPLEMENTAL MATERIAL
Supplemental table 1.Search strategy in PubMed.
Diverticulitis[Mesh] OR “diverticulitis, colonic”[mesh] OR diverticulitis[tiab] OR
diverticular[tiab]
AND
“Colonoscopy”[Mesh] OR colonoscop*[tiab] OR “Colonography, Computed
Tomographic”[Mesh] OR colonograph*[tiab] OR “colonic evaluation”[tiab] OR “colon
cancer”[tiab] OR “colon carcinoma”[tiab] OR “colorectal cancer”[tiab] OR “colorectal
carcinoma”[tiab] OR “sigmoid cancer”[tiab] OR “sigmoid carcinoma”[tiab]
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Schmilovitz 2012
Schout 2012
Van der Wall 2012
Brar 2013
Chabok 2013
Elmi 2013
Alexandersson 2014
Choi 2014
Lecleire 2014
Sallinen 2014
Daniels 2015
Ou 2015
Andrade 2017
Suhardja 2017
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Total no. of studies
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Pradel 1997
Sakhnini 2004
Hjern 2007
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Elramah 2010
Lau 2011
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(present review)
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Daniels
2014

9

De Vries
2014

11

Sharma
2014
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Included colonoscopies performed up to 2 years prior to
diverticulitis episode
Conference abstract, no full review has been published
Included colonic evaluation by barium enema or CTcolonography

Overlapping patient cohort with Lahat 2007
Conference abstract, no full review has been published

Included ultrasound as diagnostic modality

Reason for exclusion in the present systematic review

Supplemental table 3.Comparison of studies included in the present systematic review with previously published systematic reviews.

Reference:

Reason for exclusion:

Agarwal 2014

Irrelevant article type

Ahmed 2013

Irrelevant article type

Ahmeidat 2012

Irrelevant article type

Alatawi 2012

Irrelevant article type

Alexandersson 2012

Irrelevant article type

Alexandersson 2013

Irrelevant article type

Allan 2013

Irrelevant article type

Altgarde 2015

Irrelevant article type

Anderson 2016

Irrelevant article type
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Irrelevant article type
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Irrelevant article type
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Irrelevant article type

Bar 2012

No colonoscopy ≤ 1 year

Barret 2013

Irrelevant article type

Barroso 2015

Irrelevant article type

Bendl 2017

Irrelevant article type

Boulos 1985

Not only CT diagnosed diverticulitis

Boulos 1984

Not only CT diagnosed diverticulitis

Brar 2012

Irrelevant article type

Chabok 2012

Irrelevant article type

Chan 2017

No left-sided diverticulitis

Chan 2013

Irrelevant article type

Chia 2014

Irrelevant article type

Chintapalli 1999

No colonoscopy ≤ 1 year

Cho 2015

Irrelevant article type

Chung 2015

Irrelevant article type

Colvin 2012

Irrelevant article type

Cristiano 2014

Irrelevant article type

CurdiaGoncalves 2018

Irrelevant article type

Daker 2012

Irrelevant article type
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Daniels 2014
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Del Rio 2014

Not only CT diagnosed diverticulitis
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Irrelevant article type

Ekbom 2012

Irrelevant article type

Elramah 2010

Irrelevant article type
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Supplemental table 4.Excluded studies that could be eligible but did not met the inclusion
criteria.
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Flor 2014

Irrelevant article type

Friend 2011

Irrelevant article type

Goh 2016

Irrelevant article type

Goncalves 2016

Irrelevant article type

Grahnat 2016

Not only CT diagnosed diverticulitis

Granlund 2011

Not only CT diagnosed diverticulitis

Greuter 2017

Irrelevant article type

Gross 2015

Irrelevant article type

Grove 2013

Irrelevant article type

Gunturu 2011

Irrelevant article type

Haboubi 2010

Irrelevant article type

Herron 2016

Irrelevant article type

Hirata 2008

No colonic diverticulitis

Horesh 2016

No colonoscopy ≤ 1 year

Horesh 2015

Irrelevant article type

Huang 2014

Not only CT diagnosed diverticulitis

Hussain 2017

Irrelevant article type

Iqbal 2016

Irrelevant article type

Kim 2013

Irrelevant article type

Kim 2014

Less than 10 patients

Kochar 2016

Irrelevant article type

Kratt 2010

Irrelevant article type

Kronborg 2004

Irrelevant article type

Lahat 2008

Overlapping patient cohort

Lam 2010

No colonoscopy ≤ 1 year

Lau 2009

Irrelevant article type

Liptrot 2017

Irrelevant article type

Liptrot 2017

Irrelevant article type

Meireles 2015

Not only CT diagnosed diverticulitis

Meurs 2008

Not only CT diagnosed diverticulitis

Meyer 2014

Irrelevant article type

Meyer 2014

Irrelevant article type

Meyer 2015

No colonoscopy ≤ 1 year

Mizuki 2015

Irrelevant article type

Moorthy 2015

Irrelevant article type

Morini 2002

No colonic diverticulitis

Mortensen 2017

Not only CT diagnosed diverticulitis

Muhammad 2014

Not only CT diagnosed diverticulitis

O’Connor 2016

Irrelevant article type
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Less than 10 patients

Oistamo 2012

Irrelevant article type

Öistämö 2013

No colonoscopy ≤ 1 year

Oliveira 2017

Irrelevant article type

Ou 2016

Irrelevant article type

Page 2011

Irrelevant article type

Page 2011

Irrelevant article type

Page 2012

Irrelevant article type
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Irrelevant article type

Prosst 2016

Irrelevant article type

Ramphal 2016

No colonoscopy ≤ 1 year

Regula 2016

Irrelevant article type

Reibetanz 2014

Irrelevant article type

Sallinen 2015

Irrelevant article type

Sallinen 2013
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Schmilovitz 2011

Irrelevant article type

Schmilovitz 2011

Irrelevant article type

Schout 2012

Not only CT diagnosed diverticulitis

Schwander 1998

Not only CT diagnosed diverticulitis

Shahid 2015

Irrelevant article type

Soh 2018

No left-sided diverticulitis

Stefánsson 2004

Not only CT diagnosed diverticulitis

Syed 2016

No colonoscopy ≤ 1 year

Szczebiot 2015

Irrelevant article type

Tan 2013

Irrelevant article type

Torabi 2011

Irrelevant article type

Tsiamoulos 2014

Irrelevant article type

Tursi 2014

Irrelevant article type

Tursi 2014

Irrelevant article type

Tursi 2012

Irrelevant article type

Ünlü 2013

No colonoscopy ≤ 1 year

van de Wall 2011

Irrelevant article type

Van de Wall 2012

Not only CT diagnosed diverticulitis

Vuolo 1995

No colonic diverticulitis

Walker 2015

Irrelevant article type

Walker 2016

No colonoscopy ≤ 1 year

Weiss 2012

Irrelevant article type

Westwood 2011

No colonoscopy ≤ 1 year

Wilkins 2013

Irrelevant article type
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Wong 2016

No colonic diverticulitis

Younis 2015

Irrelevant article type

Younis 2015

Irrelevant article type

Zdichavsky 2016

Irrelevant article type
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Supplemental figure 1a.Funnel plot of CRC prevalence in all acute diverticulitis patients.
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Supplemental figure 1b.Funnel plot of CRC prevalence in subgroup of uncomplicated acute
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Treatment of acute diverticulitis
and appraisal of evidence

SUMMARY OF THESIS

Acute diverticulitis is a common diagnosis in patients with acute abdominal pain. It
is characterized by inflammation of diverticula of the colon and occurs in a variety of
stages. Two-third of patients present with uncomplicated diverticulitis (peridiverticular
inflammation), one-third of patients have complicated diverticulitis (abscess, perforation,
colonic obstruction or fistula) at presentation. This thesis mainly focusses on patients
with uncomplicated diverticulitis. Part 1of this thesis assesses the role of antibiotics
in uncomplicated diverticulitis. Part 2studies the borderline between uncomplicated
and complicated diverticulitis by assessing risk factors for progression into complicated
diverticulitis of initially uncomplicated diverticulitis and by assessing the natural course of
patients with mild diverticular complications such as isolated pericolic extraluminal air or
small abscesses. Part 3summarizes current evidence on several issues that have been topic
of debate in recent years.
An overview on the conservative treatment of acute diverticulitis is given in chapter 1. The
short-term results of omitting antibiotics for uncomplicated diverticulitis show no benefits
of routine antibiotic treatment, according to the randomized DIABOLO and AVOD trials.
Furthermore, this chapter challenges some traditional believes in the treatment of acute
diverticulitis. Dietary restrictions and bed rest have been and are still imposed on patients
frequently. However, evidence for this strategies is lacking. In recent years, two studies
have even shown the safety of an unrestricted diet in the treatment of acute diverticulitis.
Besides several topics that are also discussed elsewhere in this thesis, subgroups of
immunosuppressed patients and patients on medication are discussed. Immunosuppressed
patients seem to have an increased risk for complicated diverticulitis, but diabetic patients
do not. Several case control studies also show an increased risk for complicated diverticulitis
in patients using non-steroid anti-inflammatory drugs (NSAID) and opioids. The effects of
cessation of these drugs on the disease course once a patient is diagnosed would be most
valuable. However, based on the available evidence it remains unclear whether cessation
of these drugs may prevent the progression into complicated diverticulitis of initially
uncomplicated diverticulitis. Therefore, although it is recommendable to stop NSAIDs in
chronic users, a definite conclusion on the beneficial effects of cessation cannot be made.
Furthermore, the efficacy of pharmacological agents such as rifaximin, mesalazine or
probiotics on the prevention of recurrent diverticulitis have not been proven.

PART 1

This part covers the consequences of omitting antibiotics in the treatment of uncomplicated
diverticulitis. Two randomized trials have been conducted in recent years of which the
Dutch DIABOLO trial was the foundation of this thesis. This thesis commences at the time
the short-term results of these trials had just been published. An individual patient data
meta-analysis (IPDMA) of the DIABOLO and AVOD trials was performed in chapter 2. Both
trials demonstrate no benefit for antibiotics in terms of recovery, as well as no significant
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differences regarding rates of complicated diverticulitis, recurrent diverticulitis, and sigmoid
resection during follow-up. However, both trials showed non-significant higher rates of
complicated diverticulitis and sigmoid resection in the observational group. This IPDMA was
performed to increase statistical power regarding the question of any potential benefit of
antibiotics in patients or subgroups of patients with uncomplicated diverticulitis. Here, no
significant differences among groups were found in these combined datasets. Additionally,
no patient subgroup that could potentially benefit from antibiotic treatment was identified,
since subgroups of patients at increased risk for complications appeared to have had no
benefit from antibiotics. The long-term effects in the DIABOLO trial also show no significant
differences among groups in chapter 3. At two years of follow-up, rates of recurrent
diverticulitis (15.4% in the observational group versus 14.9% in the antibiotic group;
p=0.885), complicated diverticulitis (4.8% versus 3.3%; p=0.403) and sigmoid resection
(9.0% versus. 5.0%; p=0.085) were not different. Furthermore, treatment allocation was
no predictor for complicated or recurrent diverticulitis in multivariable analysis, whereas
patients younger than 50 years and patients with a pain score at presentation of 8 or higher
(on a visual analogue scale from 0 to 10) seemed to be at higher risk for adverse events.
The long-term quality of life is assessed in chapter 4and reveals no differences in both
general and gastrointestinal specific quality of life over the two years of follow-up between
the two treatment strategies. One of the potential advantages of omitting antibiotics
for uncomplicated diverticulitis was thought to be cost savings. Although observational
treatment was indeed cheaper than antibiotic treatment, it appeared to be no game
changer for the discussion on this topic in chapter 5. Observational treatment costed
€6,519, which 373
was € (95% CI -€1581 to +€723) cheaper than antibiotic treatment during
the initial six months of treatment. Cost-effectiveness in terms of costs per quality adjusted
life years (QALY) was comparable with a probability of observational treatment being costeffective between 0.43 and 0.60 with a willingness to pay threshold for antibiotics becoming
the preferred treatment of €124,750.
Chapter 6shows another disadvantage of routine
antibiotic treatment. In recent years, the gut microbiome has increasingly been suggested
to play an important role in gastrointestinal diseases. This chapter shows that even a
relatively short 10-day cycle of antibiotic treatment can highly perturb the microbiome in
acute diverticulitis patients. The longitudinal stability was significantly lower in the antibiotic
group during the treatment period compared to observational patients. Towards the end of
the 60-day period, the microbiota of patients in the antibiotic group showed recovery. The
abundance of 10 bacterial species was significantly associated with antibiotic treatment.

PART 2

Currently patients are treated based on the stage of disease at presentation. However, in
case of uncomplicated diverticulitis some patients may be at higher risk for a complicated
disease course than the average patient and therefore may warrant more intensive treatment
or closer observation. Both computed tomography (CT) imaging and clinical parameters
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may aid identifying these patients as discussed in chapters 7 and 8
. CT imaging of the 16
patients that developed complicated diverticulitis within 90 days after randomization in
the DIABOLO trial was compared to 32 patients that did not develop any complication in
Chapter 7. The presence of fluid collections and a longer inflamed colon segment on the
initial CT appeared to be risk factors for a complicated course of the initially uncomplicated
diverticulitis episode. Furthermore, clinical independent risk factors for the development
of diverticular complications in initially uncomplicated diverticulitis were mild or severe
systemic disease, duration of symptoms longer than 5 days at presentation, vomiting, and
C-reactive protein above 140mg/L as demonstrated Chapter
in
8in a study comprising
1087 CT-proven initially uncomplicated diverticulitis patients (Hinchey 1a). Whereas
uncomplicated diverticulitis is mostly treated conservatively and perforated diverticulitis
is mostly treated surgically, diverticular abscesses can be treated with antibiotics, by
percutaneous abscess drainage or surgery. Currently, treatment selection is based on the
technical feasibility of percutaneous drainage rather than on clinical outcomes. Patients
with small abscesses (<5cm) were compared to uncomplicated diverticulitis patients in
chapter 9, to assess whether these small abscesses might be self-limiting and could be
treated conservatively alike uncomplicated diverticulitis. Although abscesses up to five
centimetres appeared to be significantly more virulent than uncomplicated diverticulitis,
the subgroup of patients with an abscess smaller than three centimetres was comparable
to uncomplicated diverticulitis patients regarding development of complications and need
for interventions. Therefore, patients with an abscess smaller than three centimetres seem
to be suitable for conservative treatment, whereas patients with a larger abscess may need
percutaneous drainage. Chapters 10 and 11
cover a diverticular complication that is found
in 15% of all acute diverticulitis patients but the evidence on the appropriate treatment
strategy is scarce; isolated pericolic extraluminal air. Currently, treatment is mostly based on
personal experiences rather than evidence based, risking over or under treatment in many
patients. First, a systematic review was performed in Chapter 10
that yielded 8 studies with
251 isolated pericolic extraluminal air patients. A pooled 6% (95% CI 3%-12%) of patients
underwent emergency surgery. Because of this low number of patients and the fact that
the reasons for surgery were unclear – did the clinical condition of patients really require
emergency surgery or was the pericolic air itself reason for surgery – an additional Dutch
study was performed. This study shows in Chapter 11
comparable results indicating a need
for surgery in 6% (7/109) and percutaneous abscess drainage in 2% (2/109). With a 92% rate
of patients that did not require any intervention, a conservative approach of these patients
seems justified. Given the slightly higher rate of complications compared to uncomplicated
diverticulitis patients, close observation may be appropriate in these patients.

PART 3

Chapter 12
discusses the natural disease course of young acute diverticulitis patients
compared to elderly patients. Young patients are thought to have a more severe disease
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course and a higher rate of recurrent diverticulitis. However, these understandings are mainly
based on studies with important limitations. Therefore, a systematic review was performed
in which 27 studies were included. Young patients were mostly defined as patients younger
than 50 years. The proportion of patients with complicated diverticulitis at presentation was
not different for young patients compared to elderly patients (RR 1.19; 95% CI 0.94-1.50).
Although crude data shows an increased risk for recurrent diverticulitis in young patients (RR
1.47; 95% CI 1.20-1.80), the lack of reporting on follow-up duration in these groups hamper
the interpretation of these results. Notably, no association between age and recurrent
diverticulitis was found in the studies that used survival analyses, taking length of follow-up
per age group into account. Since this approach yields most reliable results, young patients
seem to be not at higher risk for a severe disease course nor recurrent diverticulitis. Because
non-antibiotic treatment became the preferable treatment strategy in uncomplicated
diverticulitis patients, intravenous antibiotics were no longer indicated and outpatient
treatment became an option. A systematic review on the results of outpatient treatment
showed the safety of this strategy in chapter 13
. Out of 2303 outpatients, a pooled 7% (95%
CI 6%-9%) were readmitted. Furthermore, the rate of complications and interventions was
not increased in outpatients and cost savings of 42% to 82% were reported. Most studies
excluded patients with comorbidity or immunosuppression, inability to tolerate oral intake,
or lack of an adequate social network. Therefore, these subgroups of patients may warrant
hospital admission. All other patients are candidates for outpatient treatment of their acute
diverticulitis.
Acute diverticulitis traditionally has been associated with an increased risk for colorectal
malignancy, which warranted routine colonoscopy after acute diverticulitis. Improved
diagnostics by CT may reduce the number of misdiagnoses of diverticulitis instead of
malignancy, and make routine colonoscopies redundant. However, nowadays most
guidelines still recommend routine colonoscopy in acute diverticulitis patients. A systematic
review was performed in chapter 14
assessing the prevalence of colorectal carcinoma (CRC)
in CT-proven acute diverticulitis patients. Although the prevalence of CRC was higher in
acute diverticulitis patients (2.1%; 95% CI 1.5% - 3.1%) compared to asymptomatic controls
from literature (0.4% - 1.0%), this increased risk was predominantly caused by patients with
complicated diverticulitis. Whereas patients that had complicated diverticulitis showed a
8.3% (95% CI 4.2% - 15.8%) rate of CRC, uncomplicated diverticulitis patients showed rates
comparable rates to controls; 0.5% (95% CI 0.2% - Therefore,
1.2%). routine colonoscopy
can be omitted at least in uncomplicated diverticulitis patients, but may be needed for
differential diagnosis after non-surgical treatment of complicated diverticulitis.
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Behandeling van acute diverticulitis
en evaluatie van bewijs

SAMENVATTING
VAN PROEFSCHRIFT

Acute diverticulitis is een frequent gestelde diagnose bij patiënten met acuut ontstane
buikpijn. Het wordt gekenmerkt door inflammatie van divertikels van het colon en komt voor
in verschillende ziektestadia. Twee derde van de patiënten heeft een ongecompliceerde
diverticulitis bij presentatie in het ziekenhuis (peridiverticulaire inflammatie), en een
derde van de patiënten heeft gecompliceerde diverticulitis (abces, perforatie, obstructie
van het colon of fistel) bij presentatie. Dit proefschrift focust met name op patiënten met
ongecompliceerde diverticulitis. Deel 1van dit proefschrift behandelt de rol van antibiotica
bij ongecompliceerde diverticulitis. Deel 2onderzoekt de grens tussen ongecompliceerde
en gecompliceerde diverticulitis door risicofactoren voor het ontstaan van gecompliceerde
diverticulitis bij initieel ongecompliceerde diverticulitis patiënten te identificeren, en door het
natuurlijk beloop van patiënten met relatief milde diverticulitis-gerelateerde complicaties,
zoals geïsoleerde pericolisch extraluminaal lucht of kleine abcessen, te bestuderen. Deel 3
vat het huidige bewijs samen voor verschillende onderwerpen die de laatste jaren aan debat
onderhevig zijn geweest.
Hoofdstuk 1geeft een overzicht van de conservatieve behandeling van acute diverticulitis.
De korte-termijn resultaten van de DIABOLO en AVOD studies laten zien dat routinematige
antibiotische behandeling van ongecompliceerde diverticulitis geen voordelen heeft
ten opzichte van een observationele (niet-antibiotische) behandeling. Verder bespreekt
dit hoofdstuk enkele tradities in de behandeling van acute diverticulitis. Regelmatig
worden maatregelen zoals dieetrestricties en bedrust opgelegd aan patiënten. Er is hier
echter geen bewijs voor. Recentelijk hebben twee studies zelfs aangetoond dat een
dieet zonder restricties veilig is in de behandeling van acute diverticulitis. Naast enkele
onderwerpen die ook elders in dit proefschrift worden besproken, worden subgroepen
van patiënten besproken zoals de immuungecompromitteerde patiënt en de patiënt met
medicatie. Immuungecompromitteerde patiënten lijken een verhoogd risico te hebben
op gecompliceerde diverticulitis, in tegenstelling tot patiënten met diabetes. Meerdere
case-control studies hebben een dergelijk verhoogd risico ook laten zien voor patiënten
die NSAID’s of opioïden gebruiken. Het effect van het staken van dergelijke medicatie op
het verloop van de ziekte zou het meest waardevol om te weten zijn. Op basis van het
huidige bewijs blijft het echter onduidelijk of het staken van deze medicatie de progressie
naar gecompliceerde diverticulitis van initieel ongecompliceerde diverticulitis zou kunnen
voorkomen. Ook al lijkt het aan te raden NSAID’s te staken bij patiënten die dit chronisch
gebruiken, kunnen definitieve conclusies over de eventuele gunstige effecten niet getrokken
worden. Daarnaast blijkt dat de effectiviteit van medicamenten zoals rifaximine, mesalazine
en probiotica op het voorkomen van recidief diverticulitis niet is aangetoond.

DEEL 1

Dit deel van het proefschrift gaat over de gevolgen van het niet-antibiotisch behandelen
van ongecompliceerde diverticulitis. Twee gerandomiseerde klinische studies hiernaar
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zijn recentelijk uitgevoerd waarvan de Nederlandse DIABOLO trial de basis vormt van dit
proefschrift. Dit proefschrift begint in de periode dat de korte-termijn resultaten van deze
studies net zijn gepubliceerd. Een individuele patiënten data meta-analyse (IPDMA) van de
DIABOLO en AVOD studies is weergegeven in hoofdstuk 2. Beide studies laten geen voordeel
zien van antibiotische behandeling wat betreft herstel van ziekte als ook geen significante
verschillen in het optreden van gecompliceerde diverticulitis, recidief diverticulitis en het
aantal sigmoïd resecties dat tijdens follow-up werd verricht. Beide studies laten echter wel
niet-significant hogere aantallen van gecompliceerde diverticulitis en sigmoïd resecties
zien in de observationele groep. Deze IPDMA werd uitgevoerd om de statistische kracht te
verhogen om hiermee de vraag of er een mogelijk voordeel van antibiotica zou kunnen zijn
voor specifieke patiënten of specifieke subgroepen van patiënten te kunnen beantwoorden.
Ook met deze gecombineerde datasets werden geen significante verschillen gevonden
tussen de groepen. Daarnaast werd er geen subgroep van patiënten geïdentificeerd die
mogelijk voordeel zou kunnen hebben van antibiotica, aangezien er bij subgroepen die een
verhoogd risico op complicaties hadden geen verbetering op trad bij een behandeling met
antibiotica. De lange-termijn effecten van de DIABOLO studie laten tevens geen significante
verschillen zien tussen de groepen in hoofdstuk 3. Na twee jaar follow-up was de proportie
van patiënten met recidief diverticulitis (15.4% in de observationele groep versus 14.9% in de
antibiotica groep; p=0.885), met gecompliceerde diverticulitis (4.8% versus 3.3%; p=0.403)
en die een sigmoïd resectie ondergingen (9.0% versus 5.0%; p=0.085) niet verschillend.
Daarnaast was het type behandeling geen voorspeller voor gecompliceerde of recidief
diverticulitis in een multivariabele analyse. Patiënten jonger dan 50 jaar en patiënten met
een pijnscore bij presentatie van 8 of hoger (op een schaal van 1 tot 10) leken in deze
analyse wel een verhoogd risico op deze ongewenste uitkomsten te hebben. De langetermijn kwaliteit van leven wordt bekeken in hoofdstuk 4. Hier wordt geen verschil gezien in
zowel de algemene als de gastro-intestinale kwaliteit van leven gedurende twee jaar followup. Er werd aanvankelijk gedacht dat kostenbesparing een voordeel van observationele
behandeling zou zijn. Alhoewel de observationele behandeling inderdaad goedkoper bleek
te zijn dan de antibiotische behandeling, bleken de kosten geen doorslaggevende factor
te zijn in de algehele discussie in hoofdstuk 5. De observationele behandeling kostte
€6519, hetgeen €373 (95% BI minus €1581 tot €723) goedkoper was dan de antibioti
behandeling over de eerste zes maanden van de behandeling. De kosteneffectiviteit,
uitgedrukt in kosten per quality adjusted life year (QALY), was vergelijkbaar tussen de
groepen met een waarschijnlijkheid dat observationele behandeling kosteneffectief was
tussen de 0.43 en 0.60 en een willingness to pay bedrag waarbij antibiotische behandeling de
voorkeur zou krijgen van €124,750.
Hoofdstuk 6laat een ander nadeel van de antibiotische
behandeling zien. In de laatste jaren is het microbioom steeds vaker een rol toegedicht bij
gastro-intestinale ziektes. Dit hoofdstuk laat zien dat zelfs een relatief korte behandeling
van 10 dagen antibiotica het microbioom heftig kan ontregelen bij patiënten met acute
diverticulitis. De longitudinale stabiliteit tijdens de behandelperiode was significant lager in
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de antibiotische groep vergeleken met de observationele groep. Pas tegen het einde van de
60 dagen durende follow-up liet het microbioom van met antibiotica behandelde patiënten
herstel zien. De overgroei van tien bacteriesoorten was significant geassocieerd met de
antibiotische behandeling.

DEEL 2

Momenteel worden patiënten behandeld naar gelang het stadium van de ziekte bij
presentatie in het ziekenhuis. In het geval van ongecompliceerde diverticulitis zouden
sommige patiënten echter een hoger dan gemiddeld risico kunnen hebben op het
ontwikkelen van gecompliceerde diverticulitis en daarom intensievere behandeling of
observatie behoeven. Zowel een CT-scan als klinische parameters zouden kunnen worden
gebruikt bij het identificeren van deze patiënten, zoals wordt besproken in hoofdstukken
7 en 8
. In hoofdstuk 7werden CT-scans van 16 patiënten die gecompliceerde diverticulitis
ontwikkelden binnen 90 dagen na randomisatie in de DIABOLO trial vergeleken met CTscans van 32 patiënten die geen enkele complicatie ontwikkelden. De aanwezigheid van
vochtcollecties en een langer segment van het colon met inflammatie op de initiële CT
bleken risicofactoren voor een gecompliceerd ziektebeloop van initieel ongecompliceerde
diverticulitis. Daarnaast blijkt uit een studie van 1087 patiënten met CT-bewezen
ongecompliceerde diverticulitis (Hinchey 1a) inhoofdstuk 8, dat het hebben van een milde
of ernstige systemische ziekte, een symptoomduur langer dan 5 dagen voor presentatie,
de aanwezigheid van braken en een CRP boven de 140 mg/L onafhankelijke klinische
risicofactoren zijn voor het ontwikkelen van diverticulitis-gerelateerde complicaties.
Terwijl ongecompliceerde diverticulitis gewoonlijk conservatief wordt behandeld en
geperforeerde diverticulitis gewoonlijk middels chirurgie wordt behandeld, kunnen
diverticulitis-gerelateerde abcessen zowel met antibiotica als met percutane drainage en
chirurgie worden behandeld. Momenteel wordt de keuze van behandeling bepaald door de
technische haalbaarheid van de percutane drainage in plaats van door klinische uitkomsten
van deze behandelopties. In hoofdstuk 9werden patiënten met een klein abces (kleiner
dan 5cm) vergeleken met ongecompliceerde diverticulitis patiënten om de bekijken of
deze kleine abcessen mogelijk vanzelf zouden kunnen genezen en conservatief behandeld
zouden kunnen worden net als ongecompliceerde diverticulitis. Alhoewel abcessen tot vijf
centimeter een significant slechter ziektebeloop bleken te hebben dan ongecompliceerde
diverticulitis, bleek bij de subgroep van patiënten met een abces kleiner dan drie centimeter
niet vaker complicaties op te treden of vaker interventies te worden uitgevoerd. Daarom
lijken patiënten met een abces kleiner dan drie centimeter geschikt voor conservatieve
behandeling, terwijl patiënten met grotere abcessen percutane drainage lijken te behoeven.
Hoofdstukken 10 en 11
gaan over een diverticulitis-gerelateerde complicatie die in 15%
van alle diverticulitis patiënten wordt aangetroffen maar waar toch heel weinig bewijs
voor de aangewezen behandelstrategie voor is: geïsoleerd pericolisch extraluminaal lucht.
Momenteel is de behandeling voornamelijk gebaseerd op persoonlijke ervaringen in plaats
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van op bewijsvoering, waardoor patiënten zowel over- als onderbehandeld kunnen worden.
Eerst werd een systematische review uitgevoerd in hoofdstuk 10
. Hierin werden 8 studies
met 251 patiënten die geïsoleerd pericolisch extraluminaal lucht hadden geïncludeerd. Een
gepoolde 6% (95% BI 3%-12%) van de patiënten onderging een spoedoperatie. Vanwege
dit lage totale aantal patiënten en het feit dat de redenen voor deze spoedoperaties vaak
niet duidelijk waren - was de klinische toestand van de patiënt de reden voor de operatie
of was het pericolische lucht zelf al reden genoeg om te opereren - werd een aanvullende
Nederlandse studie uitgevoerd. Deze studie, weergegeven in hoofdstuk 11
, laat vergelijkbare
resultaten zien met een 6% (7/109) noodzaak tot spoedoperatie en een 2% (2/109) noodzaak
tot percutane abcesdrainage. Gezien de 92% van de patiënten die geen enkele interventie
ondergingen, lijkt een conservatieve benadering van dit type patiënt gerechtvaardigd.
Echter, gezien het licht hogere aantal gecompliceerde diverticulitis gevallen in vergelijking
met ongecompliceerde diverticulitis, lijkt nauwlettende observatie wel aangewezen.

DEEL 3

Hoofdstuk 12
behandelt het natuurlijk ziektebeloop in jonge patiënten vergeleken met
oudere patiënten. Er wordt gedacht dat jonge patiënten een heftiger ziektebeloop kennen
en een hoger risico op recidief diverticulitis hebben. Deze gedachten zijn echter gebaseerd
op studies die belangrijke beperkingen hebben. Daarom werd een systematische review
uitgevoerd waarin 27 studies werden geïncludeerd. Patiënten werden doorgaans als
jong aangemerkt als zij jonger waren dan 50 jaar. De proportie jonge patiënten met een
gecompliceerde diverticulitis bij presentatie verschilt niet van de oudere patiënten (RR 1.19;
95% BI 0.94-1.50). Alhoewel de ruwe data een hoger risico op recidief diverticulitis laat zien
bij jongere patiënten (RR 1.47; 95% BI 1.20-1.80), bemoeilijkt het gebrek aan informatie
over de follow-up duur in beide groepen de interpretatie van deze bevinding. Daarnaast
wordt er geen verband tussen leeftijd en recidief diverticulitis gevonden in studies die
overlevingsanalyses uitvoeren, waarbij er wel rekening wordt gehouden met de follow-up
duur per groep. Omdat deze benadering de meest betrouwbare informatie oplevert, lijken
jonge patiënten geen hoger risico te hebben op een gecompliceerd ziektebeloop of op het
krijgen van recidief diverticulitis. Omdat de niet-antibiotische behandeling de voorkeur heeft
gekregen bij patiënten met ongecompliceerde diverticulitis, was intraveneuze antibiotica
niet langer geïndiceerd hetgeen de mogelijkheid tot ambulante behandeling gaf. Een
systematische review in hoofdstuk 13
laat zien dat deze ambulante behandeling een veilige
behandeloptie is. Van de 2303 ambulant behandelde patiënten werd slechts 7% (95% BI 6%9%) (her)opgenomen. Daarnaast bleek het aantal complicaties en interventies niet verhoogd
bij de ambulant behandelde patiënten en werden er kostenbesparingen tussen de 42% en
de 82% behaald. De meeste van deze studies excludeerden patiënten met comorbiditeit of
immunosuppressieve medicatie, patiënten die geen orale intake aankonden of geen sociaal
netwerk hadden. Daarom behoeven deze patiëntgroepen mogelijk wel klinische observatie.
De overige patiënten zijn kandidaten voor ambulante behandeling.
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Acute diverticulitis wordt al van oudsher geassocieerd met een verhoogd risico op
colorectale maligniteiten waardoor het verrichten van een colonoscopie na een episode
van diverticulitis standaard behandeling is geworden. Verbeterde diagnostiek, met name
middels CT, kan echter waarschijnlijk het aantal misdiagnoses van diverticulitis in plaats van
een maligniteit doen dalen waardoor deze routinematige colonoscopie overbodig wordt.
Desondanks adviseren de meeste richtlijnen momenteel nog steeds om routinematig
een colonoscopie uit te voeren bij diverticulitis patiënten. Een systematische review,
weergegeven in hoofdstuk 14
, werd uitgevoerd om de prevalentie van colorectaal carcinoom
(CRC) in CT-bewezen acute diverticulitis patiënten te onderzoeken. Alhoewel de CRC
prevalentie in acute diverticulitis patiënten (2.1%; 95% BI 1.5%-3.1%) inderdaad hoger was
in vergelijking met asymptomatische controle patiënten uit de literatuur (0.4%-1.0%), was
dit verschil met name toe te schrijven aan de patiënten met gecompliceerde diverticulitis.
Terwijl bij 8.3% (95% BI 4.2%-15.8%) van de patiënten met een gecompliceerde diverticulitis
een carcinoom werd gevonden, was dit percentage bij ongecompliceerde diverticulitis
patiënten wel vergelijkbaar met controle patiënten; 0.5% (95% BI 0.2%-1.2%). Daarom kan
bij ongecompliceerde diverticulitis patiënten afgezien worden van een colonoscopie, terwijl
een colonoscopie wel nodig kan zijn ter differentiaal diagnose na conservatieve behandeling
van gecompliceerde diverticulitis.
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FUTURE PERSPECTIVES

Acute diverticulitis and its treatment is surrounded by believes and traditions, partly because
of previous scarce or low quality of evidence on several topics. This thesis assessed several
of these topics, some by performing original research and some by aggravating currently
available evidence. Although diverticulitis research did not reach its end, a great deal is to
be gained by implementing recent evidence from this thesis and by replacing expert opinion
by evidence based management.
Non-antibiotic treatment of uncomplicated acute diverticulitis is one of those topics.
Traditionally, all patients were treated with antibiotics but benefits of this strategy have
never been proven. Following the safety of this strategy shown by the Scandinavian
randomized AVOD trial1 in 2012 and the short-term results of the Dutch DIABOLO2,trial
this
thesis showed no benefits of antibiotics on long-term, quality of life or in costs. Currently,
there is clear difference between guidelines from the USA and guidelines from Europe.3-10
USA guidelines are more reluctant in omitting antibiotics. The ASCRS guideline6 strongly
recommends routine antibiotic use, the AAFP guideline10 recommends routine antibiotics
for inpatients but states outpatients may be treated without antibiotics, and the AGA
guideline9 makes a conditional recommendation for antibiotics use in selected patients.
With the publication of the AVOD trial and DIABOLO trial, the highest level of evidence has
become available on this topic. Nevertheless, it is expected that some USA guidelines may
still recommend antibiotics for uncomplicated diverticulitis in future guidelines because of
unfounded doubts about the generalisability of the findings to the American population.
The downsides of antibiotics that are discussed in this thesis – adverse effects, effects on
gut microbiome and antimicrobial resistance – may be underestimated and should receive
a more important role in the decision making on (non-)antibiotic treatment. Whereas in
other diverticulitis topics more research is needed, the evidence on omitting antibiotics for
uncomplicated diverticulitis mainly needs implementation in coming years.
In the current trend towards more conservative treatment of acute diverticulitis, selection of
patients that may not be candidates for conservative treatment becomes more important.
By identifying these patients, individualized rather than routine treatment strategies
become feasible in the future. Almost no research had been done on the identification
of patients with initially uncomplicated diverticulitis that progresses into complicated
diverticulitis. The majority of published research is cross-sectional research focussing on
risk factors for complications at presentation. Although observational cohort studies may
be more difficult or time consuming to perform than cross-sectional studies, such studies
are needed to provide the direct evidence for use in daily practice. This thesis assessed CT,
clinical and laboratory parameters as potential risk factors for progression into complicated
diverticulitis. Furthermore, this thesis assessed the natural course of diverticulitis subtypes
such as pericolic extraluminal air and small abscesses. However, these risk factors need
confirmation in other studies. Another patient subgroup that needs to be studied is the group
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of immunocompromised patients. Literature suggests that these patients have complicated
diverticulitis more often.11 On the other hand, morbidity and mortality rates after surgery
seem to be higher in these patients. Therefore, a more aggressive approach and more
invasive treatment also seems to be no appealing option. Future research should not only
focus on the diverticulitis severity at presentation but also assess the immunocompromised
state as potential risk factor for failure of conservative treatment once the stage of disease
is established. Only this information will provide us an answer whether or not to treat these
patients differently.
Whereas the treatment of uncomplicated diverticulitis and perforated diverticulitis has
been studied in several RCTs in recent years, the treatment of diverticular abscesses still
needs an evidence based approach. Since approximately 15% of all acute diverticulitis
patients present with an abscess, it is a highly relevant research topic.12-14
A relatively large
number of studies have been performed on this topic, however they are all observational
cohort studies mainly focussing on the natural course of diverticular abscesses.15 Because
of a very high risk of selection bias for the treatment strategies (antibiotics, percutaneous
drainage or surgical drainage), outcomes of these treatment options cannot be compared
with each other. This thesis assessed the natural course of abscesses up to five centimetres
from retrospective analysis of prospective data, and found indirect evidence that abscesses
smaller than three centimetres may not need invasive treatment, whereas abscesses
larger than three centimetres do need drainage. More research is needed to assess which
abscesses could be managed conservatively, which abscesses should be percutaneously
drained, and which abscesses are likely to fail percutaneous drainage and may initially need
surgery. Ideally, a RCT comparing these treatment strategies in patients with diverticular
abscesses would be performed. However, this may be difficult to do successfully given the
relatively low number of patients and the struggles of several other RCTs on diverticulitis to
recruit patients in an emergency setting. A large observational study resembling a RCT as
much as possible, i.e. using propensity score weighting, could provide valuable information
on optimal treatment strategies.
Whereas patients underwent a sigmoid resection to prevent recurrent diverticulitis in the
past, they are now managed conservatively more often. Currently, there is debate about
the right moment to offer a patient a resection. Although the DIRECT trial16 recently has
shown that surgery improves the quality of life in patients with several previous acute
diverticulitis episodes compared to conservative treatment, the selection of patients who
indeed may benefit from surgery remains difficult. Pharmacological prevention of recurrent
diverticulitis, if proven effective, seems therefore to be preferable over surgery. However,
despite several attempts to find a pharmacological agent to prevent recurrences, no clear
successes have been accomplished. Rifaximin, a poorly resorbable antibiotic agent, showed
to be ineffective in a proof-of-concept RCT.17 Four RCTs on mesalazine, an anti-inflammatory

FUTURE PERSPECTIVES

315

agent, also showed no reduction in recurrent diverticulitis or persistent complaints.18-20
Furthermore, probiotics is only studied in one RCT as combination therapy, which showed
no beneficial effects.20All these therapies have been tested because of different theories
about the pathophysiology of acute diverticulitis. Despite its very frequent occurrence, the
pathophysiology of acute diverticulitis still is unknown. In recent years, the hypothesis that
acute diverticulitis may be an inflammatory bowel disease and gut microbiome may play an
important role gained ground in literature.21However, further studies are needed. Rather
than test several treatment strategies, it may be more appropriate to focus on revealing the
pathophysiology of acute diverticulitis first. With this information, future studies can study
pharmacological agents specifically focussed on the origin of acute diverticulitis. Although it
may be more difficult to gather funding for basic research compared to treatment strategies
that could be implemented immediately, the answer on multiple topics may lie in the
pathophysiology of acute diverticulitis. Prevention of acute diverticulitis altogether may be
the goal in the future. However, since only 4% to 7% of patients with diverticulosis develop
acute diverticulitis22,23
it is unlikely that that many individuals would take medication to
prevent such a small risk of acute diverticulitis, and therefore prevention will probably focus
on the prevention of complications in patients with acute diverticulitis and prevention of
recurrent disease.
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