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Introduction 

History 
Colonic diverticulosis was first described in 1700 by Littre as saccular 
outpouchings of the colon1. In 1849, Cruveilhier described the disease 
process of inflammation of diverticula leading to the development of fistula 
between the intestine and the urinary bladder2. Graser suggested in 1899 
that mucosal herniation in areas penetrated by vasa recta led to the 
development of diverticula3. Beer proposed in 1904 that the impaction of 
faeces in the neck of the diverticula caused inflammation with possible 
resultant abscesses and fistula4. Telling published a report of 80 cases of 
diverticulitis in 19085. Nine years later Telling and Gunner published their 
classic description of complicated diverticular disease6.  

Definition / Incidence/ Symptoms 
Diverticulosis is an increasingly common benign disorder of the colonic 
wall in western countries. Diverticulosis occurs in one-third of the 
population older than 45 years of age, and in up to two-thirds of the 
population older than 857. Diverticulitis is defined as an inflammation or 
infection in a colon segment harbouring diverticula (Figure 1).  

 
Figure 1. Endoscopic view of inflamed colonic diverticula (marked area). 
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The clinical burden of diverticular disease is impressive and it is 
responsible for 312 000 hospital admissions per year in the USA alone8. In 
the United States, the incidence of acute diverticulitis has increased from 
121 000 in 1998 to 152 000 in 2005 (an increase of 26%) with a decreasing 
average age from 64.6 to 61.8 years. The overall rate of hospitalized 
patients with acute diverticulitis that underwent surgery decreased from 
17.4 to 14.4% during the same period9. This means that even in countries 
where there is a liberal policy of surgery for this condition in existing 
guidelines, the absolute majority of patients are treated conservatively.  

Approximately 10-25% of patients with colonic diverticulosis will 
develop symptoms over their life time and admissions for acute 
diverticulitis are common and increasing10,11. The annual standardized 
admission rates for patients with acute diverticulitis have increased by 
more than 10% over the last decade of the 20st Century in the United 
Kingdom and the USA9,11.  

The most common acute condition in diverticular disease is 
uncomplicated diverticulitis that presents with abdominal pain, fever and 
elevated inflammatory tests. More than 70% of patients are treated 
conservatively9,11. The symptoms of complicated diverticulitis differ 
depending on the type of complication that develops. 

The severity of the disease varies and acute diverticulitis presents with a 
wide spectrum of symptoms ranging from acute uncomplicated 
diverticulitis to complicated diverticulitis. The most common symptoms in 
uncomplicated diverticulitis are12,13. 
 
 Left lower quadrant pain (70-95%) 
 Constipation (26-50%) 
 Diarrhea (17-35%) 
 Nausea and vomiting (14-43%) 
 Urinary symptoms (10-15%)       

Patients with complicated diverticulitis present with symptoms according 
to the complication that occurs such as abscesses, free perforations, fistula 
or large bowel obstruction due to diverticular strictures. The symptoms 
after perforation are local or general peritonitis, sometimes with 
septicaemia. A fistula can develop between the colon and the urinary 
bladder, the vagina or the skin. If a stricture develops after previous 
diverticulitis episodes, an acute colonic obstruction with bowel pain and 
vomiting may be observed. 
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Classification 
A classification system allows communication, supports clinical decision 
making and helps to predict outcomes and prognosis. There are several 
classifications that take into the clinical, radiological and pathological 
consideration of diverticular disease.  

Based on the severity of the clinical picture, the European Association  
for Endoscopic Surgery has developed a classification system14. That 
categorizes patients into those with symptomatic uncomplicated disease, 
recurrent symptomatic disease, and complicated disease (Table 1). 

Table 1. Clinical classification of diverticulitis adapted from Kohler et al. 

Grade Clinical Description Symptoms 

I 
Symptomatic 
uncomplicated disease 

Fever, crampy abdominal 
pain, CT scan evidence of 
diverticulitis 

II Recurrent symptomatic 
disease 

Recurrence of above 
symptoms 

Haemorrhage 

Abscess 

Phlegmon 

Perforation 

Purulent and faecal 
peritonitis 

Stricture 

Fistula 

III Complicated disease 

Obstruction 

There is another classification system developed by Hinchey et al15 for the 
description of the different stages of complicated, perforated diverticulitis 
(Table 2). This system facilitates communication between surgeons when 
describing the various degrees of diverticular perforation and helps in the 
decision making of an adequate surgical approach. 
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Table 2. Hinchey classification of complicated diverticulitis adapted from Hinchey 
et al. 

Stage  

I Pericolic abscess confined by the mesentery of the colon 

II Pelvic or distant abscess resulting from local perforation of a pericolic 
abscess  

III Generalized peritonitis resulting from the rupture of an abscess into 
peritoneal cavity without free communication to the bowel lumen 

IV Faecal peritonitis resulting from free perforation of a diverticulum with 
faeces contained in the free peritoneal cavity 

In 1999 Wasvary et al introduced a modification of the Hinchey 
classification which also addressed mild clinical disease (Table 3)16. 

Table 3. Modified Hinchey classification adapted from Wasvary et al.   

Stage  
0 Mild clinical diverticulitis 

Ia Confined pericolic inflammation or phlegmon 

Ib Pericolic or mesocolic abscess 

II Pelvic, distant intra-abdominal, or retroperitoneal abscess 

III Generalized purulent peritonitis 

IV Generalized faecal peritonitis 

Ambrosetti developed a classification based on CT findings (Table 4)17. 
This system facilitates the choice of the optimal treatment. Thus, patients 
with mild disease are likely to be successfully managed with conservative 
therapy whereas percutaneous drainage and surgery are generally indicated 
in cases of complicated diverticulitis. 

Table 4. Ambrosetti’s CT staging of diverticulitis adapted from Ambrosetti et al.  

Mild Diverticulitis Localized sigmoid wall thickening 
(<5 mm) 

Inflammation of pericolic fat 

Severe Diverticulitis  Abscess 

Extraluminal air 
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Pathogenesis / Aetiology 
The normal colonic wall consists of mucosa, submucosa, and muscle 
layers. The muscle layer consists of circular muscle and an outer layer 
concentrated mainly in three narrow bands along the colon, the taeniae 
coli. One of the taeniae in the sigmoid colon is located on the mesenteric 
border of the colon and the other two are located on the antimesenteric 
border. The muscle layer becomes progressively thicker in the distal 
sigmoid colon and the taeniae eventually fuse in the proximal rectum, a 
landmark useful for identifying the distal extent of the sigmoid colon. 

Vasa recta penetrate through the circular muscle layer to supply the 
mucosa and, in this area of the colonic wall, there is a weakness where 
diverticula can protrude. They generally occur along the mesenteric border 
of the antimesenteric taeniae. With progression, diverticula can be found 
between the antimesenteric taeniae18.  

Research on the aetiology of colonic diverticulosis has focused on 
different areas. Post – mortem examinations describe increased bowel wall 
thickness in patients with diverticular disease18. The taeniae are thickened 
secondary to increased elastin deposition in patients with uncomplicated 
diverticulosis. As the elastin is laid down in a contracted form, shortening 
of the taeniae leads to a bunching of the circular muscle. This muscular 
thickening represents an exaggerated contraction of normal colonic 
myocytes19,20. Colonic collagen is found to contain abnormally high 
amounts of cross-linking in patients with diverticulosis compared with age-
matched controls21. This increased cross-linkage leads to a stiffer bowel, 
which is less resistant to stretching.   

In addition to the structural changes in the colonic wall, Painter and 
colleagues demonstrated that, when two haustral contractions occur in a 
given segment of the colon at the same time, can cause temporary isolation 
of that segment of bowel, a process called segmentation. This process may 
cause the development of small individual compartments in the sigmoid 
colon that generate high pressures. Contraction of the bowel wall causes 
increased intra-colonic pressure and leads to subsequent mucosal 
herniation22.  

The role of dietary fibre in the development of diverticular disease has 
been discussed. Painter and Burkitt23 found longer transit times and lower 
stool weights in a UK population compared with a Ugandan population. A 
high-fibre diet could explain faster colonic transit times, larger stool 
volumes, and more frequent bowel movements. Animal studies have 
supported this theory. Fisher and colleagues demonstrated a dramatic 
increase in the number of rats with diverticulosis when fed a low-fibre diet 
compared with high-fibre diets in a prospective randomized trial24. Taylor 
and Duthie found increased stool weight, decreased transit time, and 
decreased motility as well as symptomatic improvement in patients with 
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diverticular disease after supplementing their diets with bran tablets25. The 
studies by Manousos and Aldoori demonstrated significantly lower 
consumption of dietary fibre in patients with diverticular disease compared 
with their healthy counterparts26,27. 

Life-style factors have been discussed to have an effect on the 
development of symptomatic diverticular disease. Low physical activity 
has been demonstrated to have an impact on the risk of developing this 
disease26,28. There are inconsistent results about whether smoking and 
alcohol influenced the risk for the development of complications in patients 
with diverticulosis29-31. Evidence suggests that the chronic usage of non-
steroidal anti-inflammatory medications is associated with both 
uncomplicated and complicated diverticulitis32-34.  

Diagnosis 
There is a great variation in the severity of diverticulitis. Some patients 
with the mild, uncomplicated form of diverticulitis can be treated on an 
out-patient basis while others require admission and, of these, some require 
emergency surgery. To eliminate any other diagnosis and clarify the grade 
of severity of the disease, different clinical and radiological examinations 
can be performed. The clinical diagnosis is based on the symptoms 
described above, supported by laboratory tests and physical examination. 
The findings include lower abdominal tenderness and an elevated body 
temperature. The clinical diagnosis has been shown to have a poor level of 
accuracy and is true in only 43-64% of cases35-38. There is, therefore, a 
need of radiological tools to establish both the diagnosis and the grade of 
the severity of the disease.  

The most widely used radiological examinations in the acute setting are 
computed tomography (CT), ultrasonography (US) and barium enema 
(BE). In recent decade, magnetic resonance imaging (MRI) has also been 
introduced. Over the past decades BE has been replaced by US and CT; 
this is mainly because of their ability to identify the extracolonic extent of 
the disease and to detect complications such as abscess formation. 
However, there is no consensus about which radiological procedure is 
preferable. US is able to identify diverticula, the thickness of the bowel 
wall, inflammatory changes in the mesenteric colon, abscesses, air in the 
bowel wall, free fluid and the maximal point of abdominal tenderness and 
its relation to the inflamed bowel section. CT and MRI are able to identify 
diverticula, thickness of the bowel wall, inflammatory changes in the 
mesenteric colon, abscesses, air in the bowel wall, free air and fluid. CT 
can also identify extracolonic processes in the abdominal cavity (Figure 2).  



 17 

 
Figure 2. CT scan image shows: A) diverticula, B) thickening of bowel wall, C) 
inflamed pericolic fat. 

Barium enema is considered an invasive examination and is not used today 
in the acute phase of the disease.  

The new non-invasive imaging technologies (US, CT and MRI) have 
evolved gradually, and have been introduced in different ways in hospitals, 
according to local preferences rather than on the basis of comparative 
trials. There has been a need to appraise the literature to evaluate the 
diagnostic accuracy of each method, both separately and in comparison 
with each other. 

Treatment 
Guidelines for the treatment of symptomatic diverticular disease are mainly 
based on the presentation of symptoms and their severity. 

Treatment of uncomplicated diverticulitis 
In the pre-antibiotic era, the treatment of diverticulitis consisted of bed rest 
and a no or low residue diet. These treatments had a rather high 
symptomatic success rate39. Since their introduction, antibiotics have been 
used to treat uncomplicated diverticulitis as the condition has been 
suggested to be caused by a bacterial infection. Despite the lack of 
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controlled studies evaluating the necessity of antibiotic therapy, and despite 
previously proven resolution without antibiotic therapy, antibiotic 
treatment has become the standard procedure for uncomplicated 
diverticulitis39,40. According to current guidelines, therapy with broad-
spectrum antibiotics and bowel rest is recommended for acute 
uncomplicated diverticulitis. This treatment strategy has been reported to 
be successful in 85-100% of cases41,42. These recommendations are 
however, based on tradition and expert opinion rather than evidence from 
controlled trials. The only two studies evaluating the necessity of 
antibiotics in uncomplicated diverticulitis are retrospective audits, which, 
with all the inherent limitations of such a design, did not show any benefit 
from the use of antibiotics43,44. 

Occurrence of antibiotic resistance  
Intra-abdominal infections in surgical patients are caused by the leakage of 
endogenous intestinal flora. Enterobacteriaceae and gram-positive cocci 
are the most important human pathogens causing surgical intra-abdominal 
infections. In addition, anaerobic intestinal flora comprise the majority of 
involved organisms. Despite the importance of appropriate source control, 
the efficacy of empirical antibiotic therapy of these infections also appears 
to influence the outcome45,46. The selection of antimicrobial agents to treat 
intra-abdominal infections should aim at negatively affecting gram-
positive, gram-negative and anaerobic bacteria. In the presence of resistant 
pathogens at the site of infection, the choice proves more difficult and this 
may lead to treatment failure47. However, increased antibiotic resistance is 
a major concern particularly among nosocomial pathogens48. In Sweden, 
based on clinical data from the European Antibiotic Resistance 
Surveillance (EARSS)49, the occurrence of ESBL-producing E. coli has 
increased from 0.5% of all clinical invasive isolates in 2001 to 3.2% in 
2010. Figure 3 illustrates the increasing rates of resistant isolates from 
2003 to 2008 in Europe.   
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Figure 3. Proportion of 3rd generation cephalosporin-resistant E. coli isolates in 
2003 and 2008 in participating countries (adapted from EARSS). 

Another important pathogen is vancomycin-resistant enterococci (VRE). 
The occurrence of VRE was 0.20 - 0.57 cases per 100 000 inhabitants in 
Sweden up until 2007, but demonstrated a huge leap to 6.7 cases per 100 
000 inhabitants in 2008 and then decreased again to 2.4 cases per 100 000 
inhabitants in 201049. In Scandinavia, there are several reports about the 
increased prevalence of resistance among pathogenic strains50-54. However, 
antibiotic resistance is still lower in the Scandinavian countries when 
compared with southern Europe and the USA55.  

It is widely believed that the unnecessary use of antimicrobials is a 
major cause of the widespread emergence of resistant organisms, and is 
beginning to threaten the effectiveness of antibiotics. Although resistance 
to antibiotics is a natural phenomenon, it has been especially aggravated by 
their overuse. A policy with strict indications for antibiotic use might be 
adopted for uncomplicated diverticulitis.  

Knowledge of local, national and international resistance patterns is 
essential when attempting to develop rational antibiotic policies and 
prescribe appropriate empirical therapies. The aim of our second study 
(BAKKI) was to determine the prevalence of the faecal carriage of 
antibiotic-resistant bacteria in patients with acute surgical intra-abdominal 
infections.  

Treatment of complicated diverticulitis 
Complicated diverticulitis presents with mesenteric or distant abscesses 
(Hinchey I and II), free perforation and peritonitis (Hinchey III and IV), 
fistulas (colo-cutaneous, colo-vesicular, colo-vaginal and colo-enteric) 
bleeding and large bowel obstruction. Approximately 10-15% of patients 
admitted for diverticulitis suffered some kind of complication. An 
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incidence of perforated diverticulitis occurred in about 4 cases per 100 000 
and year56-58. 

Four surgical methods are implemented in perforated diverticulitis:   

• A three-staged procedure with proximal colostomy, drainage, a 

     second operation with colectomy followed by colostomy reversal  

• Hartmann’s operation with sigmoid resection and colostomy 

• Sigmoid resection and anastomosis ± loop stoma 

• Peritoneal lavage 

Two randomized trials have evaluated the three-staged and Hartmann’s 
procedures in patients with perforated diverticulitis (Hinchey III and 
IV)59,60 but they arrived at different conclusions. Kronborg recommended 
the three-staged procedure while Zeitoun recommended Hartmann’s 
operation. Recently, case series of patients with purulent peritonitis  
(Hinchey III) treated with peritoneal lavage have been presented, but no 
randomized study has evaluated this procedure61.  

For patients with Hinchey I and II there has been no randomized trial. 
However, some authors recommend sigmoid colectomy after an initial 
percutaneous drainage in all patients while other authors advocate surgery 
after successful percutaneous drainage in selected cases of Hinchey II62,63.  

The European Association for Endoscopic Surgery (EAES) consensus 
statement recommends elective sigmoid resection after initial successful 
percutaneous drainage in Hinchey I and II and acute sigmoid resection in 
Hinchey III and IV14. These recommendations are, however, based on data 
from non-randomized prospective or retrospective trials and there is a need 
of randomized trials. SCANDIV, DILALA, The Ladies trial and DIRECT 
are four on-going randomized trials dealing with surgery in complicated 
diverticulitis and evaluating laparoscopic lavage, different surgical 
methods and surgery in cases with recurrent diverticulitis. 

Prevention of recurrence and complicated diverticulitis 
Prophylactic surgery has been proposed to prevent complications, the need 
of acute surgery, and to reduce mortality and recurrence rates. Several 
studies have suggested that about three quarters of patients with perforated 
diverticulitis have had no previous symptoms of diverticular disease64-66. 
Although large case series show that the mortality rate associated with 
emergency surgery was 12–25%59,60,67 for this condition, there are a few 
mortality cases with previous symptoms of diverticular disease65,68. These 
studies questioned the rationale behind the benefit of prophylactic 
resections in these patients. Furthermore, recurrence rates of up to 10% 
have been reported in patients after sigmoid resection69. 
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Some patients with diverticulosis, with or without a history of 
diverticulitis, develop symptoms such as abdominal pain or discomfort, 
bloating, and changes in bowel habits. There is a debate whether these 
symptom depend on similar underlying pathogenetic mechanism as in 
cases with irritable bowel syndrome or inflammatory bowel disease. Non-
absorbable antibiotics, mesalazine, a high-dose fibre diet and probiotics, 
either alone or in combination, have been studied in patients with 
symptomatic diverticular disease. A systematic review showed that data are 
mainly culled from uncontrolled studies which presented evidence of 
symptomatic improvement and concluded that the role of these substances 
in the prevention of acute diverticulitis remains, however, to be defined70.  

Follow-up after diverticulitis 
In order to confirm the diagnosis and exclude a colonic malignancy, colon 
investigation is recommended. This recommendation is based on data 
which demonstrate an increased risk of developing a colon malignancy71,72. 
The currently available options for colorectal investigation are 
colonoscopy, double contrast barium enema and CT-colonography (CTC). 
Colonoscopy is widely accepted as the gold standard and is diagnostic, as 
well as therapeutic in some cases. Despite the excellent sensitivity and 
specificity of colonoscopy, false negative rates of 3% are reported73,74 for 
large adenoma (>10mm) or carcinoma. In addition, colonoscopy capacity 
is a limiting factor and there are also limitations in the success rate of 
colonoscopy75.  

Colonoscopy in patients with a history of diverticulitis has been reported 
to be more difficult to perform, with a higher risk of vasovagal reactions 
and complications, causing pain and discomfort for the patients. This can 
render a complete colonoscopy impossible75-78. 

CTC was described for the first time in 199479. Since then, the technique 
has progressed rapidly to widespread clinical use and there have been 
several meta-analyses which show excellent sensitivity and specificity for 
the detection of polyps  10 mm80-82 (Figure 4). Regarding patient 
preference and acceptance, there are a number of small studies which show 
that patients with diverticular disease suffer significantly less physical 
discomfort during CTC and are more satisfied with the procedure when 
compared with colonoscopy83,84. In all of these publications, however, the 
order of investigation has always been CTC first with colonoscopy second, 
making the assessment uncertain. 
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Figure 4. CTC image illustrating a polyp and a diverticulum. 
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Aims of the thesis 

The overall aims of this thesis were to analyse the diagnostic and 
therapeutic aspects of colonic diverticulitis and to consider the increases in 
antibiotic resistance. 

 
The specific aims of the studies were: 
 

• To perform a systematic review of the literature evaluating radiological 
diagnostics for patients with acute left-sided diverticulitis. 
 

• To determine the faecal carriage of antibiotic-resistant bacteria and 
antibiotic treatment in surgical patients admitted to hospital with acute 
intra-abdominal infections.  
 

• To evaluate whether antibiotic treatment for acute uncomplicated left-
sided diverticulitis is necessary for recovery without complications after 
a 12-month follow-up period.  
 

• To assess CTC in the follow-up of diverticulitis regarding patient 
acceptance and diagnostic accuracy for diverticular disease, adenomas 
and cancer, with colonoscopy as a reference standard.  



 24 

Material and methods 

In paper I the material comprised 49 studies. In papers II-IV the patients 
were recruited in three prospective studies, one of which randomized 
(Table 5). 

Table 5. Studies and their design, number of objects, data collection and main 
outcome variables. 

Study I  
The literature reviewed was obtained by searching the data bases of 
PubMed, the Cochrane Library and EMBASE from 1966 to November 
2005 using the following search terms: diverticulitis colonic, US, CT, BE, 

Study Type of study Number Data  
collection 

Main outcome variables 

I Systematic 
Review 

49  
studies 

Literature review Sensitivity, specificity,  
positive predictive value (PPV), 
negative predictive value (NPV), 
or likelihood ratio (LR) 

II Prospective 
cohort study 

208 
patients 

Register protocol, 
rectal samples, 
antibiotic 
susceptibility 
testing 

Antibiotic treatment, resistance 
pattern, antibiotic susceptibility, 
occurrence of ESBL, plasmid-
mediated AmpC, and risk factors 
for ESBL 

III Randomized 
controlled 
trial 

623 
patients 

Registration of 
data in the 
emergency unit 
and ward. Follow-
up protocols 

Complications, emergency 
operation, hospital stay, 
recurrence, elective operation, 
changes in bowel habits and 
abdominal pain during follow-up 
with respect to antibiotic therapy  

IV Prospective 
cohort study 

110 
patients 

Examination 
protocol and 
questionnaire 

Pain, discomfort, success rate, 
sedation, complication, findings, 
sensitivity, specificity and 
agreement 
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MRI, specificity and sensitivity. We included articles in English, German, 
French and the Scandinavian languages. Three independent reviewers read 
the retrieved abstracts and all papers assessed by any of the reviewers as 
potentially relevant were read in full. To identify other relevant studies, the 
reference lists of included articles were scrutinized.  

For inclusion in the final assessment, studies had to be randomized or 
observational studies comparing US, BE, CT, or MRI with a reference 
standard. The reference standard was based on clinical outcome, final 
diagnosis in the test group, supported by colonic examinations other than 
the assessed test, showing diverticulosis or post diverticulitis changes. The 
quality assessments of included articles were performed according to a pre 
specified protocol and each study was assessed by three independent 
observers. In the case of disagreement, consensus was sought or a fourth 
observer consulted. We obtained statistical parameters for the assessment 
of the accuracy of each individual study such as sensitivity, specificity, 
positive predictive value, negative predictive value, or likelihood ratio. If 
these parameters were not immediately available, an effort was made to 
calculate the missing values through extracting suitable data from the 
publications. The quality grading of the studies was assessed according to 
the system for assigning the level of evidence from the  
Centre for Evidence-Based Medicine (CEBM) in Oxford, UK (Table 6). A 
minimum requirement for considering any publication for evaluation 
according to the CEBM criteria was that sensitivity and specificity were 
both given, either in the article or could calculated by data extraction. 
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Table 6. Levels of evidence from the Centre for Evidence-Based Medicine 
(CEBM), Oxford, UK. 

 
LEVELS OF EVIDENCE 

Level 1 
1a: Systematic review with homogeneous results of level 1 diagnostic  

studies; Clinical decision rule (CDR) with 1b studies from different clinical 
centres. 

1b: Validating cohort study with good reference standards or CDR tested 
within one clinical centre. 

1c: Absolute SpPins and SnNouts (All or nothing) 
 
Level 2 
2a: Systematic review with homogeneous results of level >2 diagnostic 

studies. 
2b: Exploratory cohort study with good reference standards; CDR after 

derivation, or validated only on split-sample or databases. 
 
Level 3 
3a: Systematic review with homogeneous results of level 3b and better trials. 
3b: Non-consecutive study; or without consistently applied reference 

standards. 
 
Level 4 
4: Case-control study, poor or non-independent reference standard. 
 
Level 5 
5: Expert opinion without explicit critical appraisal, or based on physiology, 

bench research, or “first principles”. 
 
Grades of recommendation 
 
A: Consistent level 1 studies. 
B: Consistent level 2 or 3 studies or extrapolations from level 1 studies. 
C: Level 4 studies or extrapolations from level 2 or 3 studies.  
D: Level 5 evidence or troublingly inconsistent or inconclusive studies of any 

level. 
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Study II 
From January 2006 to November 2007, eight surgical units in the southern 
and central parts of Sweden participated in this prospective study. Patients 
with an intra-abdominal infection that required either antibiotic therapy or 
abdominal surgery combined with at least one single dose of antibiotics 
were asked to participate in the study. Rectal samples were obtained with 
swabs on admission and before antibiotic therapy. The swabs were cut and 
vortexed in a freeze medium and stored at -70° C pending further analysis. 

The swabs were later stroked over two agar plates with chromogenic 
UTI agar, one plate was stroked manually and the other using a dish 
rotator. Antibiotic disks (linezolide, ampicillin, aztreonam, ceftazidime and 
cefotaxime) were placed on the plate and the agar dishes were incubated at 
35° C. Dominating flora and subpopulations were obtained by visual 
quantification and the antibiotic susceptibility of the dominating flora was 
determined. The colony with decreased antibiotic susceptibility and 
suspected resistant sub-populations were re-cultured on Urinary Tract 
Infection Agar with and without antibiotic disks to obtain pure cultures of 
each strain. Isolates were subjected to antibiotic susceptibility testing using 
the disk diffusion method according to the guidelines and breakpoints of 
the Swedish Reference Group of Antibiotics (http://www.srga.org) with 
different antibiotics against different species.  Enterobacteriaceae isolates 
with decreased susceptibility to cephalosporins were further analyzed with 
the Etest for detection of ESBL, adding a beta-lactamase inhibitor such as 
clavulanic acid. The used Etests for ESBL detection were cefotaxime, 
ceftazidime and cefepime with and without clavulanic acid. A reduction in 
minimum inhibitory concentration (MIC) by 3 twofold dilutions of the 
cephalosporin in the presence of clavulanic acid, i.e. a MIC ratio of 8 or 
the presence of phantom or deformation zones was considered as ESBL 
phenotype. Isolates with strong evidence for cephalosporin resistance but 
with a negative diagnostic test for ESBL were subjected to a phenotypic 
Etest for the detection of potentially plasmid-mediated AmpC production 
by a double strip test with cefotetan, with and without cloxacillin. A 
reduction of MIC by 3 twofold dilutions of cefotetan in the presence of 
cloxacillin, i.e. a MIC ratio of 8, was considered as potentially plasmid-
mediated AmpC. 

Study III 
This study was conducted as an open, prospective multicentre randomized 
controlled trial that ran between October 2003 and January 2010. Ten 
surgical centres in Sweden and one in Iceland participated. Eligible were 
adult patients with acute lower abdominal pain with tenderness, a body 



 28 

temperature > 38° C, an elevated white blood cell count and signs of 
uncomplicated diverticulitis on the CT scan. The diagnosis of 
uncomplicated diverticulitis was defined as an episode of short history, 
with clinical signs of diverticulitis and with an elevated body temperature 
and inflammatory parameters without sepsis, general peritonitis, or any 
signs of complications such as abscess, free air, or fistula on CT images. 
Patients with clinical signs of acute diverticulitis were evaluated by clinical 
examination, blood tests and CT of the abdomen and pelvis. After 
confirmation, both clinically and radiologically by CT62, of the diagnosis of 
uncomplicated diverticulitis and screening for eligibility, informed consent 
was obtained. Randomization in blocks of four, stratified by centre, was 
performed by opening a sealed envelope. A local investigator was 
responsible for running the trial and recruiting patients to it at each centre. 
A Case Record Form (CRF) was filled in for each patient and included 
demographic data, medical history, previous diverticulitis, physical 
examination, laboratory results and clinical variables. Patients were 
randomized to treatment with intravenous fluids only (no antibiotic group) 
or in combination with antibiotic therapy (antibiotic group). Broad-
spectrum antibiotics were used according to the participating centres’ 
routines, active against gram-negative and anaerobic bacteria. Therapy was 
started intravenously and later followed by orally administrated antibiotics. 
The total duration of antibiotic therapy was at least one week. 

The decision to discharge patients was made by the attending surgeon 
based on an improvement in clinical status and laboratory values. 
Complications during the hospital stay, as well as complications during 
follow-up, re-admission to hospital due to recurrence, or the need of 
emergency or elective surgery, were registered. Six to eight weeks after 
discharge, patients had a colonic investigation if it had not been done 
within one year before admission. After 12 months, patients were contacted 
by telephone or letter to fill in a follow-up questionnaire regarding 
abdominal pain, bowel symptoms or recurrence demanding re-admission to 
hospital. 

Study IV 
The study was carried out between October 2005 and January 2007 and 
conducted as a prospective, open comparative trial. Surgical departments in 
Västerås and Uppsala, Sweden, participated. Eligible were adults who had 
been admitted to hospital because of acute left-sided colonic diverticulitis 
and assessed able to participate in colorectal examination. The diagnosis of 
acute diverticulitis was verified by CT imaging. Patients were treated 
according to local guidelines with or without antibiotics and at discharge 
asked to participate in the study. The examinations were performed 6 to 8 
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weeks after discharge. Half of the patients were examined by colonoscopy 
first and CTC subsequently. The other half of the patients were examined 
by CTC first.  

A CRF was filled out for the patients, including demographic data, 
medical history and classification according to the American Society of 
Anaesthesiologists.  

Patients underwent a standard colonic cleansing regime consisting of a 
clear liquid diet together with (Laxabon ®) or sodium phosphate during the 
day before the planned examination. 

The CT equipment used was: in Uppsala, a Siemens Somatom 64 slice 
(Siemens, Erlangen, Germany) and in Västerås, a General Electric Light 
Speed Ultra 8 slice (General Electric, Milwaukee, USA). Slice thickness 
was 3mm and 1.25mm, respectively. For spasmolysis, 1 ml of 
butylscopolamine was administered intravenously (Buscopan ® 20 mg/ml), 
if no contraindications were identified. The colon was insufflated rectally 
by air until the patient began to feel pain and the air dilatation of the colon 
was checked with a scout image.  

Firstly, an abdominal CT scan was performed in both the prone and 
supine positions with an intravenously administered contrast agent. The CT 
scans were reviewed by one radiologist, both in the two-dimensional mode 
and with the use of a 3 D workstation.  

Colonoscopy was performed by a colorectal surgeon with at least five 
years of colonoscopic experience. Before or during colonoscopy, patients 
who requested sedation were administered nitrous oxide by mask, a 
combination of Pethidine® and Stesolid® or the anaesthetic drug, 
Diprivan®. 

The colon was examined on withdrawal, with findings of polyps and 
diverticula recorded for each segment. Endoscopists were blinded to the 
CTC results and the radiologist was blinded to the colonoscopy results. 

On the day of the examination, all patients were asked to fill out a 
questionnaire to evaluate their experience of the bowel preparation and the 
anxiety they experienced about the examinations using a Visual Analogue 
Scale (VAS). After each examination, patients filled out the method-
specific questionnaire in order to determine their experiences of pain and 
discomfort. The investigators filled out a protocol for each patient after the 
examination and presented information about the procedure and 
pathological findings.  
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Statistical analysis 

All data analysis was performed using the SPSS software package (version 
14.0-18.0 Chicago, IL, USA). In study I, sensitivity, specificity, positive 
predictive value, negative predictive value and likelihood ratio were 
calculated for each included publication. In study II, the diagnosis, 
operative procedure and primary antibiotic therapy were analysed. Isolated 
microorganisms, rates of antibiotic susceptibility of all isolates and their 
relationship to the recent antibiotic prophylaxis were described. The risk 
factors age, travel abroad, previous antibiotic therapy and gender were 
analysed using multivariate logistic regression models and the odds ratio 
was calculated for significant variables. 

In study III, the results were analysed on an intention-to-treat basis and 
per protocol basis. The Pearson X2 test was used for discrete variables. The 
study arms were compared using an independent samples t-test for 
continuous variables with a normal distribution. The Mann-Whitney test 
was used for ordinal data or for data without a normal distribution. A 
multivariate binary logistic module was performed to analyse relationships 
between the different variables and the occurrence of complications and 
recurrence. 

In study IV, the results from the CTC and colonoscopy were compared 
with pathological findings using the test of interobserver agreement 
resulting in a kappa value ( ). Agreement was regarded as poor if   0.2, 
fair if = 0.21-0.4, moderate if  = 0.41- 0.60, good if  = 0.61-0.80 and 
very good if  > 0.8085. The results were analysed according to an 
intention-to-treat basis. Assessment of patient experience and preference 
were made using Wilcoxon`s signed rank test comparing study arms. 
Continuous variables with normal distribution were compared using the 
student’s t-test.  
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Ethics 

The Ethics Committees of Uppsala and Linköping Universities 
approved the studies.  

 
 Study II: D.nr: M108-05 

 Study III: D.nr: 01-224, Clinical trial gov. identifier: NCT 01008488 

 Study IV: D.nr: 03-580 
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Results and discussion 

Study I  
We found forty-nine relevant articles and read all in full. Twenty-nine of 
these were excluded because of the following reasons: they were found to 
be review articles rather than original publications (14), had no explicit 
reference standard including one double publication (6), only sensitivity 
could be calculated (7), neither sensitivity nor specificity could be 
calculated (1) or it was a double publication with a focus other than the 
objective of this review (1). Six sensitivity studies which used 
histopathological diagnosis of the specimen after surgery as a reference 
standard were, however, included as these were considered to contribute to 
the review of patients undergoing surgery for diverticular disease. The 
remaining fourteen studies fully met the criteria for evaluation of the level 
of evidence according to the CEBM criteria. 

One study was classified as a level 1b study evaluating both US and 
CT86. Two studies were classified as level 2b, evaluating US and one study 
evaluating MRI87,88. The other 10 studies were classified as level 4, mainly 
because of the lack of an adequate reference standard. Four of them were 
US studies, three CT studies, one BE study and four studies evaluated a 
combination of BE, US and CT (Figure 5). We could not find any 
randomized or other controlled trials.  
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Figure 5. Flow chart study I. 

Only a few studies had good or acceptable quality, and there is no firm 
evidence about which method is the most accurate for the diagnosis of 
acute diverticulitis. It is important that clinicians are aware of the weak 
scientific evidence outlined above. This review contains important 
information for clinicians demonstrating that the scientific basis regarding 
CT as the reference standard or diagnostic method of choice is still weak, 
and there is still a need of large, high quality studies to assess whether CT 
adheres to the standards of the STARD document89. The same is true for 
MRI. The present review supports US as the imaging technique with the 
best scientific evidence for clinical use in the diagnosis of diverticulitis. 
The high level studies in this review were, however, rather old and there 
has occurred a rapid development of CT equipment which, today, is the 
most used modality in acute diverticulitis despite its weak scientific bases. 
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Study II 
Two hundred and eight (100 female and 108 male) surgical patients with 
intra-abdominal infections of varying origins were included in this study. 
Rectal samples were obtained and analysed. Surgery was performed in 134 
patients (65%). The most common operation type was appendectomy, the 
majority were perforated (28%), followed by abscess drainage (13%) and 
colonic resection (8%). Demographic data, number of patients in the 
participating surgical units, diagnosis, and surgical treatment are presented 
in Table 7. 

 The most frequently used first line antibiotics were cephalosporins 
(cefuroxime 25% and cefotaxime 20%) followed by carbapenems 
(imipenem 14% and meropenem 13%) and piperacillin-tazobactam (12%) 
(Table 8). 

Table 7. Demographic data, participating surgical units, diagnosis, and surgical 
intervention. Values in parentheses are percentages. 

Age, y  Mean ± SD n 
Men 55.4 ±19.8 108 
Women 58.4 ± 18.5 100 
Total 56.9 ± 19.2 208 

Unit  n (%) 
Västerås  56(26.9) 
Göteborg  43(20.1) 
Norrköping  41(19.7) 
Örebro  20(9.6) 
Linköping  16(7.7) 
Helsingborg  15(7.2) 
Uppsala  15(7.2) 
Karlstad  2(1.0) 
Total  208 

Diagnosis  n (%) 
Appendicitis  72 (34.6) 
Diverticulitis  54 (25.9) 
Cholecytitis  32 (15.4) 
Peritonitis  10 (4.8) 
Intra-abdominal abscess  14 (6.7) 
Perforation of GI  14 (6.7) 
Other  12 (5.8) 

Intervention  n (%) 
Appendectomy  59(28.4) 
Drainage of abscess  27(13.0) 
Colectomy  17(8.2) 
Cholecystectomy  15(7.2) 
Laparotomy /laparoscopy  5(2.4) 
Other  11(5.3) 
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Table 8. First antibiotic therapy in patients. Values in parentheses are percentages. 

First antibiotic therapy n (%) 

Cephalosporins 94 (45.2) 

Carbapenems 64 (30.8) 

Piperacillin-tazobactam 25 (12.0) 

Ciprofloxacin 9 (4.3) 

Other 4 (1.9) 

The most frequently isolated species were Escherichia coli, followed by 
Enterococcus faecalis and Klebsiella pneumoniae. The prevalence of 
antibiotic resistance in the Enterobacteriaceae family (all isolates of each 
species) to commonly used antibiotics is shown in Table 9. The prevalence 
of reduced susceptibility (indeterminate and resistant, I+R) in 
Enterobacteriaceae for the other antibiotics tested was for ampicillin 99%, 
tetracycline 26%, cefuroxime 26%, trimethoprim-sulfamethoxazole 20%, 
ciprofloxacin 20%, piperacillin-tazobactam 17%, cefotaxime 14% and 
gentamicin 3%. None of the Enterobacteriaceae isolates showed reduced 
susceptibility to imipenem. The rates of antibiotic resistance in dominating 
populations of Enterobacteriaceae were generally lower than in 
subpopulations. 

Table 9. Antibiotic susceptibility among Enterobacteriacae (all isolates). 

 S (%) R (%) 
Ampicillin          0.6 99.4 
Cefuroxime 74.3 25.7 
Cefotaxime 86.5 13.5 
Ciprofloxacin 80.1 19.9 
Piperacillin-      
Tazobactam 

82.7 17.3 

Trimethoprim- 
sulfamethoxazole

     80.1       19.9 

Tetracycline     73.8       26.2 
Gentamicin     97.2     2.8 

S= Susceptible, R= reduced susceptibility 
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For Pseudomonas aeruginosa strains there was high susceptibility  
(98-100%) to ceftazidime, piperacillin-tazobactam, gentamicin and 
ciprofloxacin, while lower susceptibility (87%) was seen to imipenem and 
meropenem. No methicillin-resistant S. aureus (MRSA) could be detected. 
Vancomycin-resistant enterococci (VRE) were not seen, but high-level 
gentamicin resistance was detected in 1 of 33 (3%) isolates of 
Enterococcus faecium and 10 of 131 (7.5%) isolates (eight patients) of 
Enterococcus faecalis. 

There were differences in resistance patterns in Enterobacteriacae in the 
participating surgical departments. While Helsingborg had generally low 
rates of reduced susceptibility against common antibiotics, Uppsala 
generally had high rates of reduced susceptibility (Table 10). 
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In total there were 17 strains of ESBL-producing Enterobacteriaceae in 
10 patients. One patient was colonized with an ESBL-producing Klebsiella 
pneumoniae isolate and another patient with both E. coli and Citrobacter 
freundii with ESBL enzymes. The remaining eight patients were colonized 
with E. coli with ESBL-production. 

The risk factors age, travel abroad, previous antibiotic therapy and 
gender were analysed in a multivariate logistic regression model showing 
only female gender as a risk factor for colonisation with ESBL-producing 
strains (p=0.036). The diagnoses in these patients did not differ from those 
of the whole cohort and consisted of appendicitis (n=4), diverticulitis 
(n=4), severe pancreatitis (n=1) and complicated cholecystitis (n=1). All of 
these patients could return home after discharge from hospital.  

As regards AmpC, three patients were colonized with five E. coli 
isolates with plasmid-mediated AmpC. One of the AmpC isolates and 10 of 
the ESBL-producing isolates were multi-drug resistant, meaning that they 
were also resistant to at least two other classes of antibiotics. 

The study showed a high prevalence of bowel colonization with bacteria 
resistant to antibiotics commonly used for prophylaxis and treatment in 
surgical patients with acute abdominal infections. Over 50% of 
Enterobacteriaceae isolates were resistant to ampicillin, approximately 
25% to tetracycline and cefuroxime, and 20% to trimethoprim-
sulfamethoxazole. The only antibiotic with 100% susceptibility was 
imipenem.  

Despite this, empirical antibiotic therapy was a cephalosporin in 45% of 
cases. In addition, a surprisingly high level of ESBL- and AmpC- 
producing Enterobacteriaceae was revealed in this population and this 
figure was higher than that observed in previous Swedish reports90.  

Female gender was the only risk factor for colonization with ESBL-
producing strains in a multivariate logistic regression analysis.  

Although this study only evaluates faecal colonization and not the 
clinical outcome, therapeutic failure can be expected if a high proportion 
(or density) of bacteria in the faecal flora is not susceptible to the empirical 
antibiotic treatment.  

In contrast to previous studies91,92 and according to the present study, 
rates of intra-operative peritoneal cultures should be increased, especially 
in patients with serious intra-abdominal infections, so that antibiotics with 
a narrower spectrum can be used.  

Study III 
Of 669 randomized patients, 46 were excluded for different reasons. Six 
hundred and twenty-three patients (403 females) with acute uncomplicated 
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diverticulitis were enrolled in the study, 314 in the antibiotic group and 309 
in the no antibiotic group (Figure 6).  

Primary analysis after 30 days (n=309)
Excluded from primary analysis (n=0)
Follow-up analysis (n=290)

Excluded (n= 21)
Not meeting inclusion criteria (n=18)
Interrupted participation (n= 3)
Protocol  violation (n=0) 

Randomized
(n=669)

Allocated to 
antibiotic therapy 

(n=335)

Primary analysis after 30 days (n=314)
Excluded from primary analysis (n= 0)
Follow-up analysis (n=292)

Lost to follow-up (n=22)Lost to follow-up (n=19)

Allocation

Follow-Up

Analysis

Enrolment

Excluded (n= 25)
Not meeting inclusion criteria (n=20)
Interrupted participation (n= 4)
Protocol  violation (n=1)

Receivedallocated intervention (n=311)
Did not receive allocated intervention (n=3)    

Received allocated intervention (n=299)
Did not receive allocated intervention (n=10) 

Allocated to 
no antibiotic therapy 

(n=334)

 
Figure 6. Flow chart study III. 

Median age was 58 years (range 23-88) and median body mass index 
(BMI) was 28 (range 18-44). At admission (all patients had a history of 
acute abdominal pain and fever >38° C) 599 patients (97%) had left lower 
abdominal pain, 557 (90%) had fever (body temperature  38° C), 212 
(34%) had changes in stool habits and 49 (8%) had symptoms from the 
urinary tract. We found no difference between the antibiotic and no 
antibiotic groups regarding these parameters. 

With regards to demographic data and patient characteristics, the groups 
were well balanced. The only variable which differed between the groups 
was history of previous diverticulitis, which was more frequent in the no 
antibiotic group (Table 11).  
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Table 11. Demographic data and patient characteristics.  

 No antibiotic 
n=309 

Antibiotic 
n=314 

P-value 

Age (Mean year)  57.1 57.4 0.85 

Gender (female)  199 204 0.88  

Co-morbidity   91 92 0.99 

Previous diverticulitis  137 110 0.02 

BMI kg/m2 (Mean)  28.2 27.9 0.44 

WBC x 109 (Mean)  12.3 12.6 0.28 

CRP mg/l (Mean)  91 100 0.07 

Body temperature °C (Mean)  38.1 38.1 0.35 

Pain in VAS (Median)  6 6 0.50 

Tenderness score#  (Median)  3 3 0.95 

# Tenderness score  
0 None 
1 Mild local tenderness  
2 Moderate local tenderness 
3 Severe local tenderness 
4 Local peritonitis 

 Co-morbidity: cardiovascular disease, pulmonary disease, renal failure, diabetes mellitus. 

Abdominal pain, an elevated body temperature and palpable abdominal 
tenderness decreased rapidly in both groups during hospitalization (Figure 
7-9). The only parameter which differed between the groups was the 
tenderness score. There was a statistically significant difference on the 
second day (p= 0.04), with a mean difference from baseline of 0.8 steps in 
the tenderness score for the no antibiotic group and 1.0 for the antibiotic 
group. This difference was, however, not clinically relevant. The median 
hospital stay for both groups was three days. 
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n      251 230 256 163 75 22

SD   2·2 2·2 2·0 1·5 1·5 1·7
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Figure 7. Mean abdominal pain according to VAS (0-10). 

n      307 253 280 184 81 25

SD   0·6 0·7 0·6 0·5 0·5 0·6

n      312 254 280 181 82 34

SD   0·6 0·6 0·5 0·5 0·5 0·8
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Figure 8. Mean body temperature (degrees Centigrade). 
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n      297 234 263 170 71 22

SD   0·7 0·9 0·9 0·9 0·9 1·0

n      303 242 262 159 63 28

SD   0·7 0·9 0·9 0·9 0·7 1·0

0

1

2

3

4

Baseline 1 2 3 4 5 Time (Day)

Tenderness (0-4)
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Figure 9. Mean abdominal tenderness at palpation (0-4).  

In total, nine (1.4%) patients suffered from complications, six developed 
sigmoid perforation and three developed abscess formations. In the no 
antibiotic group, three had perforations, one was operated with emergency 
sigmoid resection and two were treated non-operatively (with antibiotics 
and percutaneous drainage when appropriate). Three patients in this group 
developed abscesses during the hospital stay. In the same group, six 
patients were operated during follow-up because due to perforation, 
abscess, stricture, fistula, recurrent diverticulitis and symptomatic 
diverticular disease.  

In the antibiotic group, three underwent emergency surgery because of 
sigmoid perforations and two underwent surgery during follow-up because 
of the development of stricture. There were no differences between the 
groups as regards complications or surgical procedures.  

In the no antibiotic group, 10 patients (3.2%) were treated with 
antibiotics because of increasing CRP, elevated temperature, or abdominal 
pain during their hospital stay. In the antibiotic group in three (1.0%) 
patients the antibiotic therapy was terminated because of allergic side 
effects. Of 582 patients who were followed up after one year, recurrent 
diverticulitis occurred in 93 (16%), equally distributed in both groups. As 
regards the extent of diverticulosis, abdominal pain or changes in bowel 
habits, there was no difference between the groups. One patient in the 
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antibiotic group died nine months after discharge due to metastatic gastric 
cancer. 

There was no significant difference between the groups if surgery 
during follow-up was added to the in-hospital complications. If all events 
including recurrences were counted, there was still no difference between 
the groups (Table 12). 

Table 12. Complications, surgery, hospital stay. 

 No antibiotic
n=309 

Antibiotic 
n=314 

P-value 

Perforation/abscess (n) 6 3 0.30 

Perforation (n) 3 3 0.99 

Abscess (n) 3 0 0.08 

Sigmoid resection total (n) 7 5 0.54 

Sigmoid resection during hospital stay (n) 1 3 0.32 

Sigmoid resection during follow-up (n) 6 2 0.15 

Hospital stay (days) 2.9 2.9 0.72 

Recurrence during follow-up (n) 47 46 0.90 

Complications and sigmoid resection (n) 12 5 0.12 

Complications, sigmoid resection and 
recurrence during follow-up (n) 

59 51 0.46 

The AVOD study demonstrated that patients with CT-verified acute 
uncomplicated left-sided diverticulitis had a very low overall complication 
rate with regard to perforation and abscess development (1.5%) 
irrespective of antibiotic treatment. Moreover, no differences between the 
groups regarding rate of surgery, length of hospital stay, recurrence of 
diverticulitis, abdominal pain or changes in bowel habits after 12 months of 
follow-up were observed. According to these results, one can postulate that 
antibiotic treatment of acute uncomplicated diverticulitis does not prevent 
complications, nor does it hastens recovery or prevents the recurrence of 
the condition. 

With respect to the escalating problem of antibiotic resistance among 
bowel pathogens93 and based on the data from the AVOD study, antibiotic 
treatment should be reserved mainly for patients with complicated 
diverticulitis since antibiotics had no positive effects on acute 
uncomplicated diverticulitis.  
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Study IV 
One hundred and ten patients were included in this study but two patients 
were excluded because of severe pain (1) and bleeding (1) after 
colonoscopy, making any further investigation with CTC impossible. All 
other patients (n=108; 63 females) underwent both colonoscopy and CTC. 
In addition, seven patients who underwent colonoscopy first were excluded 
from polyp analysis because of polypectomy at colonoscopy before the 
CTC (Figure 10). The median age was 56 years and median BMI was  
26.9 kg/m2. Seventeen per cent had co-morbidities such as cardiovascular 
disease, pulmonary disease and diabetes mellitus. 

All 110 patients underwent colonoscopy but, in 10 of them, colonoscopy 
was incomplete because of pain, technical difficulties and unacceptable 
bowel preparation. Colonoscopy was interrupted at different levels of the 
colon.  

CTC was performed in 108 patients but 13 were incomplete 
examinations because of inadequate air distension of a segment of colon, 
incorrect imaging, unacceptable bowel preparation, or artefacts from a hip 
prosthesis. One patient had both incomplete colonoscopy and CTC. The 
median procedure time was 25 minutes for both methods. The mean time 
required for CTC evaluation was 20 minutes. 

Included (n= 110)

CTC (n= 51)

Analysis
Patient experience (n= 51)

Diverticulosis (n= 51)
Polyps (n= 51)

Colonoscopy (n= 51)

Colonoscopy (n= 59)

Analysis
Patient experience (n= 57)

Diverticulosis (n= 57)
Polyps (n= 50) #

CTC (n= 57)

Excluded (n= 2)

bleeding (n= 1)
severe pain (n= 1)

# 7 patients were excluded
because of protocol violation

 
Figure 10. Flow chart study IV. 
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During colonoscopy, the vast majority of patients (91) received sedation 
with nitrous oxide (N2O) by mask in 43, a combination of 
pethidine/diazepam in 43 and in 8 propofol. No patient received sedation 
before or during CTC. The patients estimated their experience of bowel 
preparation and anxiety for the examination (Figure 11). Colonoscopy was 
assessed to be more painful (p<0.001) and uncomfortable (p<0.001), 
(Figure 12).  

 
Figure11. Patients’ experience of bowel preparation. 
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Figure 12. Patients’ experience of examinations. 

In both colonoscopy and CTC, diverticula were found in 102 of 108 
patients (94%). The sigmoid colon was the most common site for 
diverticula in both methods, followed by the descending colon, transverse 
colon, ascending colon and caecum. CTC identified diverticula in the 
caecum in 14% of patients compared with 1% in colonoscopy. 
Inflammatory changes and reduced lumen of the bowel were found in 13% 
and 2.7% with colonoscopy and in 43% and 9.3% with CTC, respectively. 
As regards the detection of polyps in the remaining 101 patients (seven 
were excluded because of a protocol violation due to polypectomy), polyps 
were found in 20 (20%) with colonoscopy and in 29 (29%) with CTC. The 
majority of the polyps were small, up to 5 mm in size. Four polyps, 6mm 
or more, were observed in four patients with colonoscopy while CTC 
identified 21 larger polyps in 16 patients (Figure 13). No colorectal cancer 
was detected in these patients. Sensitivity and specificity for polyp with 
CTC were 47% and 75% respectively.  
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Figure 13. Number and size of polyps in colon and rectum. 

The rate of agreement for the detection of diverticula and polyps in the 
colon measured by kappa statistics ( ) was 0.71 and 0.17, respectively. 
There was no difference regarding the rates of detection of polyps although 
the CT scan machines used in the two centres were differently powered.  

This study showed that CTC was less painful and unpleasant compared 
with colonoscopy. CTC detected diverticulosis at the same frequency as 
colonoscopy. No cancer was found. The data from this study, however, 
demonstrated a shortcoming in CTC as regards its ability to detect small 
polyps. Despite this disadvantage with false positive polyps, CTC can be 
used in the follow-up of acute diverticulitis knowing the difficulties of 
colonic examination in this condition, irrespective of method. The role of 
CTC could be as a complement to the diagnostic arsenal for colonic 
examinations in the case of incomplete colonoscopy, or in a situation 
where colonoscopy resources are limited.  
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General discussion 

Colonic diverticular disease is common, and is mentioned as a century-old 
disease. From being an unknown and uncommon entity at the beginning of 
the twentieth century, it has become the fifth most common 
gastroenterological disease, with an impressive impact in the industrialized 
part of the world. The direct cost of diverticular disease was about 2.5 
billion dollars in 2000 in the USA, and it accounted for more than 5% of 
the budget in a general surgical clinic in the UK94,95. Despite this huge 
burden, the research into this field has not been extensive compared with 
other conditions such as colorectal cancer. There are many areas in the 
development and management of diverticular disease that should be 
explored by research. A majority of the clinical research has been achieved 
by retrospective uncontrolled studies with all the attendant inherent 
limitations. Over the last two decades there has been a slowly increasing 
activity to more prospective, controlled studies in the diagnostic, medical 
and surgical treatment of the disease.  

Diagnosis of acute diverticulitis 
To obtain a correct diagnosis of the patient’s condition, its severity, and to 
initiate appropriate management, there is a need to correctly identify 
patients with colonic diverticulitis. Some authors suggest that the diagnosis 
can be obtained on the basis of clinical parameters alone13,96. However, the 
results from several studies show a poor sensitivity (43-64%) for clinical 
diagnosis35-37,38. This means that every second or third patient with 
diverticulitis can be misdiagnosed by clinical evaluation alone. With 
respect to this, other authors suggest additional radiological imaging to 
confirm the diagnosis in patients with suspected diverticulitis, so as to 
avoid misdiagnosis97. For clinical diagnosis based on a decision rule, there 
are two recent publications which show that patients can be diagnosed 
without imaging. This decision rule, however, first needs to be externally 
validated65,98. 

There is no consensus about which radiological procedure is preferable 
in the acute setting. The most widely used examinations have been US, BE, 
CT, and, in recent years, MRI has also been introduced. Over the past  
decades, US and CT have replaced BE, mainly because of their ability to 
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identify the extracolonic extent of the disease and to detect complications 
such as abscess formation, rather than the intraluminal expression of the 
inflammation that can be observed using BE. According to 
recommendations from the American Society of Colon and Rectal 
Surgeons97 and in most publications on colonic diverticulitis, CT has been 
the modality of choice for the initial radiological examination of patients 
with suspected diverticulitis99.  

One of the disadvantages of abdominal CT is the ionizing radiation and 
there is evidence from epidemiological studies that the organ doses 
delivered during a common CT study result in an increased risk of cancer. 
This risk, however, is small for the individual, but with the rapidly 
increasing use of CT there can be a public health risk in the future100. 

Ten to twenty-five per cent of patients with diverticulitis will suffer 
from a recurrence, which signifies multiple CTs for these patients. 
Considering this, it seems sensible to replace CT with other diagnostic 
modalities, which do not use ionizing radiation, such as US or MRI. 

In our study, we found three studies with a good level of methodological 
quality for ultrasonography, with similar results compared with the only 
high-quality CT study for the evaluation of diverticulitis. These studies 
demonstrated good diagnostic accuracy with sensitivity between 84-85%, 
and specificity between 80% and 93%86-88. Ultrasonography does not 
require ionizing radiation and the examination can be repeated often if 
required. The disadvantages of US are imaging difficulties in obese 
patients and the fact that it is examiner-dependent38.  

The main finding in this systematic review of the literature on the 
diagnosis of diverticulitis is that only a few studies were of acceptable 
methodological quality. Only four studies attained level 1-2, two of them 
evaluating US, one evaluating both US and CT, and one evaluating MRI. 
No studies evaluating BE were of acceptable methodological quality. 
Contrary to the overwhelming support and widespread use of CT as the 
method of choice for the diagnosis of diverticulitis, only one small study of 
good quality was identified with a sensitivity of 91% and a specificity of 
77%. The best evidence for the diagnosis of acute diverticulitis in this 
systematic review of the literature was for US. Despite this, we used CT in 
the study on antibiotics in acute diverticulitis since it is easy and quick to 
perform and not operator-dependent. 

Bacterial resistance pattern 
Antimicrobial resistance is identified as one of the three greatest threats to 
human health, jeopardizing patient safety and public health according to 
the World Health Organization101. Whereas research into the development 
of new antibiotics is decreasing, there are rapidly increasing rates of multi-
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resistant bacteria that cannot easily be treated with available antibiotics. 
The problem of antibiotic resistance worldwide is one of the foremost 
issues that we shall face in the coming decades (Figure 3). There is 
consequently an urgent requirement for efforts to prevent the continuing 
increasing problems of antimicrobial resistance and local, national and 
international solutions are needed more than ever.  

Intra-abdominal infections (IAI) are common and dangerous, 
demanding urgent source control and adequate empiric antibiotic therapy 
to reduce mortality and morbidity45,46. The empirical choice of antibiotics 
can be difficult in situations with the occurrence of resistant bacteria, and 
the presence of resistant pathogens at the site of infection may lead to the 
failure of treatment of IAI102. 

The unnecessary and inappropriate use of antimicrobials is believed to 
be a major cause of the widespread emergence of resistant organisms. 
Additionally, even a short course of antibiotic therapy has been shown to 
increase the emergence of resistant bacteria103.   

Screening for faecal antimicrobial resistance in patients with intra-
abdominal infections in the BAKKI study showed the increasing problem 
in Sweden of antibiotic resistance to clinically commonly-used antibiotics 
for prophylaxis and treatment. This problem will pose an increasing threat 
to surgical patients and may cause failure in antibiotic therapy, with 
increased risks for morbidity, mortality and the prolongation of hospital 
stay for patients with IAI. Our data may have implications for antibiotic 
prophylaxis and the treatment of IAI. 

In Sweden, there has been a debate on and awareness about the problem 
of antibiotic resistance. This has led to a reduction of approximately 50% 
in antibiotic prescriptions for children with upper respiratory infections 
between 1987-2004 without an increased number of admissions for 
complications104. In addition, a marked general decrease in antibiotic usage 
has been seen over the last few years although there is still an unacceptably 
large difference between different counties in Sweden. 

A similar restrictive policy might be adopted for some abdominal 
inflammatory diseases such as uncomplicated diverticulitis, appendicitis 
and cholecystitis that can be self-limited without using antibiotics. 
Particularly in uncomplicated diverticulitis, it has been known that the 
majority of patients recover shortly after admission and before antibiotics 
could have had any impact on their condition. It has been difficult to 
explain this improvement by being caused by one or two doses of 
antibiotics. The hypothesis here is whether there is a need of antibiotics to 
prevent complications or to hasten recovery for this condition. 
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Treatment of acute uncomplicated diverticulitis 
The most common complication of diverticular disease is uncomplicated 
diverticulitis9,11. After the introduction of antibiotics in the fifth decade of 
the twentieth century, this condition has been treated with antibiotics. The 
rationale behind antibiotic treatment in acute uncomplicated diverticulitis 
was the belief that diverticulitis is the result of a colonic (micro) 
perforation caused by mechanical loading in the diverticulum. Reasons for 
these recommendations were to prevent complications such as abscess 
formation, free perforation, sepsis, mortality and morbidity in patients with 
acute uncomplicated diverticulitis. Another benefit of antibiotic therapy 
was thought to hasten recovery with relief of fever, pain and tenderness to 
shorten hospitalization and to prevent recurrence. A 7-10 days regime with 
a broad spectrum antibiotic has been recommended. The recommendations 
on antibiotic therapy have been made based on expert opinion and tradition 
rather than by result from controlled studies40. 

Table 13. Guidelines for the treatment of uncomplicated diverticulitis 

The Society for Surgery of the Alimentary Tract105 

American Society of Colon and Rectal Surgeons97 

European Association for Endoscopic Surgery14 

American College of Gastroenterology106 

Gastroenterology Organisation 107 

National Health Service108  

All the guidelines in Table 13 recommend the use of antibiotics, covering 
gram-negatives and anaerobes for uncomplicated diverticulitis but there are 
no references to original research regarding the necessity of antibiotics in 
this condition. 

In addition, two recent publications have discussed an overlap between 
diverticulitis and inflammatory bowel disease109,110, postulating that 
diverticular disease could be a form of inflammatory bowel disease based 
on a low-grade inflammation in the mucosa around diverticula in 
asymptomatic individuals. Acute diverticulitis might be caused by 
aggravation of this chronic inflammation in severe cases. Non-antibiotic 
treatment to alter the inflammatory response in cases of uncomplicated 
diverticulitis has been suggested to be a more logical therapy. The trials 
using anti-inflammatory drugs and probiotics to prevent symptoms and 
complications in patients with diverticular disease contribute to the theory 
of a relationship between diverticulitis and a chronic inflammatory state in 
diverticular disease111,112.  
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On the other hand, uncomplicated diverticulitis could be a self-limiting 
condition in which local host defences can manage the bacterial invasion of 
a diverticulum without antibiotics in patients with preserved immune-
competence. Antibiotics may, therefore, not be necessary in the treatment 
of uncomplicated disease. Avoiding antibiotic therapy in uncomplicated 
diverticulitis, where one might suspect that it is not necessary is important 
in several ways, apart from development of antibiotic resistance. It could 
lead to shorter hospital stays or to reducing the admission to hospital, cost 
reduction, and fewer antibiotic side-effects.  

The AVOD study is the first randomized study to evaluate the necessity 
of antibiotics in acute uncomplicated diverticulitis. The data from this 
study show no value of antibiotics for recovery from this condition in terms 
of prevention of complications, need of surgery, relief of pain and fever or 
recurrence during the one year follow-up. Subgroup analysis did not reveal 
any difference regarding the occurrence of complications in patients with 
severe symptoms and high inflammatory parameters. A regression model 
did not show any risk factors for the occurrence of complications.  

The AVOD cohort consists of patients with mild to severe symptoms, 
without any signs of complication on admission. It is well-known that 
many patients with milder symptoms are still today treated in primary 
health care with antibiotics. We can speculate that these patients may not 
need this therapy. 

Colonic examination after acute diverticulitis 
CT is today the most frequently used diagnostic tool in patients with  
acute diverticulitis. Colonic cancer and diverticulitis have been described 
to have similarities on CT scans such as abnormal wall thickening  
and variable pericolic inflammation. However, each disease has been 
described to have disease-specific typical images. Diverticulitis usually 
affects a longer segment of the colon (5-15 cm) than cancer (  5cm). 
Pericolic inflammation is moderate in diverticulitis but minimal in cancer. 
Pericolic lymph nodes (heterogeneity, marked increased size, or irregular 
contour), are seen much more often in patients with colonic cancer than 
diverticulitis. These aspects of CT findings should raise the suspicion of 
malignancy thus meriting further investigation113-115.   

Several studies have examined the relationship between diverticulosis 
and colonic cancer and have yielded conflicting results. McCallum and 
colleagues found no association in a case-control study comparing barium 
enema results in colorectal cancer and age-matched controls with various 
gastrointestinal symptoms116. Morini and colleagues performed a 
comparison of colonoscopic results in patients with diverticular disease and 
age- and gender-matched controls with gastrointestinal complaints without 
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diverticulosis, concluding that symptomatic patients with diverticulosis 
were more likely to have adenomas than controls. There was, however, no 
difference in the prevalence of cancer between the two groups117. 
Stefansson and colleagues reported a causal relationship between 
diverticular disease and cancer of the left colon in a retrospective, 
population-based cohort study from Sweden71 . Westwood and colleagues 
recently demonstrated that patients with a CT diagnosis of acute 
uncomplicated diverticulitis have a similar or reduced risk of advanced 
colorectal neoplasia compared with the general population and concluded 
that in the absence of other indications, subsequent evaluation of the colon 
may not be required to confirm the diagnosis118.  

In contrast, Lau and colleagues demonstrated that the prevalence of 
colorectal cancer within one year in patients with a CT diagnosis of 
diverticulitis was 2.1% and they therefore recommended routine 
colonoscopy after left-sided diverticulitis119.  

Kieff and colleagues showed an increased risk of advanced distal 
neoplasia in women with extensive distal diverticulosis in a prospective 
colonoscopic study120. Grevfors and colleagues demonstrated in a small 
retrospective study after CT-verified acute diverticulitis, that radiologists 
might be able to select those patients who need a more urgent “clean 
colon” examination because of the suspicion of malignancy. However, they 
suggested colonic examination for almost all patients because of a high 
degree of inter-observer variation121.  

Thus, there is no consensus on the potential association between 
diverticulosis and colonic cancer and the evidence to abandon the routine 
with colon investigation after an episode of diverticulitis is weak. With the 
rising clinical burden of diverticular disease, the current strategy of routine 
colonic examination should be evaluated in more studies to provide 
evidence whether there is a benefit to be gained with this routine. Until 
more evidence is provided we have to continue with routine colonic 
investigation after diverticulitis.   

Colonoscopy, however, is more difficult technically in patients with 
diverticular disease because of luminal narrowing, spasm, muscular 
hypertrophy, and fixation122 with an increased risk for complications76,77 
and it is also associated with a higher incomplete colonoscopy rate75,78. 

CT colonography has been introduced for examination of the colon. Our 
study was performed to assess CTC in the follow-up after diverticulitis 
regarding patient acceptance and diagnostic accuracy for diverticular 
disease, adenomas and cancer. In the study, CTC caused less pain and 
discomfort compared with colonoscopy in the follow-up of patients after an 
episode of acute diverticulitis. CTC detected diverticulosis to the same 
extent as colonoscopy but the accuracy of CTC in the detection of small 
polyps was low. 
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One shortcoming of CTC in the study was the occurrence of false 
positive polyps which may lead to additional examinations with diagnostic 
endoscopy in the same way as with BE. CTC has been described to have 
other disadvantages such as a long learning curve, difficulties to detect flat 
polyps and radiation exposure. Colonoscopy in this study was used as a 
reference standard but it is known that colonoscopy has its limitations in 
detecting small polyps and also diverticula74,75,83. We can, therefore, 
speculate that CTC might have a higher accuracy than our data has shown, 
particularly for small polyps or diverticula in both number and location.  

Despite these disadvantages and despite the shortcomings regarding the 
detection of small polyps, CTC can be used in the follow-up of patients 
after acute diverticulitis if one is aware of the difficulties of colonic 
examination in this condition, irrespective of method. The role of CTC can 
be to complement the diagnostic arsenal for colonic examinations in the 
case of incomplete colonoscopy or in the situation of limited colonoscopy 
resources.  

Future perspectives 
Further research is needed in different fields of diverticulitis. New studies 
should be performed to confirm the AVOD results for acute uncomplicated 
diverticulitis. The questions concerning indications and type of surgery for 
complicated diverticulitis with perforation, abscesses or fistula must be 
explored prospectively and there are currently some on-going randomized 
trials in Europe. In my opinion, and based on my experience, the 
occurrence of complications does not necessarily demand surgery to cure 
the patient, either in cases of acute or elective situations. The decision to 
operate a patient when there is a lack of scientific evidence should be 
individualized based on the patient´s current symptoms, radiological 
images, general condition, ability to manage an operation and a totally 
transparent information process regarding the known risks and benefits of a 
surgical procedure.  

Regarding hospitalization, there is no consensus or classification for the 
management of patients with acute diverticulitis. Hospitalization is 
indicated for patients who are incapable of oral intake, have pain requiring 
repeated narcotic analgesics, or who have complicated diverticulitis. 
AVOD indicates that a patient with CT-proven uncomplicated diverticulitis 
has a very low risk (1.4%) of developing severe complications such as 
perforations or abscesses. The question is whether or not hospitalization is 
necessary, and if patients under such circumstances should return home 
without antibiotics. We will investigate this in our next study.  

We are aware that many patients with milder diverticulitis symptoms are 
treated in primary health care with antibiotics. We can speculate that these 
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patients may not need this therapy but there is a need for more studies to 
provide knowledge how they are managed in primary health care. 
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Conclusions 

I The scientific basis found in this review supports ultrasonography as 
the method of choice in the diagnosis of diverticulitis. The scientific 
basis, however, is still weak and new high-quality studies on the 
accuracy of all the methods commonly in use are still necessary before 
it can be decided which of them should be chosen as the reference 
standard. 

 
II 
 

Screening for faecal antimicrobial resistance in patients with intra-
abdominal infections in this study shows a high prevalence of 
antibiotic-resistant organisms in faeces. A high rate of resistance in 
Enterobacteriaceae to antibiotics, which are commonly used in 
Sweden, poses an increasing threat to surgical patients and may cause 
the failure of antibiotic therapy. Our data may have implications for 
future antibiotic prophylaxis and the treatment of intra-abdominal 
infections in Sweden. 
 

III 
 

This study is the first randomized controlled trial evaluating the 
necessity of antibiotic treatment in acute uncomplicated diverticulitis. It 
shows that antibiotic therapy does not prevent surgical complications or 
recurrence, and does not shorten the hospital stay. Antibiotics should be 
reserved mainly for patients with complicated diverticulitis.  
 

IV 
 

This study demonstrates that CTC is a better alternative than 
colonoscopy in the follow-up of diverticulitis regarding tolerability. 
CTC detects diverticulosis with good accuracy whilst the detection 
accuracy of small polyps is poor. Despite this limitation CTC can be an 
alternative especially in case of incomplete colonoscopy or in a 
situation with limited colonoscopy resources. 
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Guidelines for the management of patients 
with acute diverticulitis  

Diagnosis 
There is a great variation in the severity of diverticulitis. All patients who 
are admitted with clinical signs of first-time diverticulitis should have an 
abdominal CT scan to confirm the clinical diagnosis, eliminate other 
diagnoses and determine the grade of severity of the disease.  

Based on clinical status, laboratory tests and radiological signs, the 
disease can be classified as: 

 
 Uncomplicated diverticulitis: acute diverticulitis without sepsis and 

with no sign of extra-luminal air or abscess on the CT scan 
 

 Complicated diverticulitis: acute diverticulitis with sepsis and/or signs 
of extra-luminal air or abscess on the CT scan 

Uncomplicated diverticulitis 
 Patients with mild to moderate symptoms, who are able to take fluids 

orally and manage themselves at home, can be managed as out-patients 
without antibiotic treatment. The patients are recommended fluids 
orally for the following 2-3 days and should be re-evaluated within 10 
days. If the condition deteriorates, a re-evaluation should be carried out 
earlier.  
 

 Patients with moderate symptoms, high body temperature and 
difficulties to take fluids orally should be treated in hospital with 
intravenous fluid but without antibiotic treatment. If the condition 
deteriorates and a complication is suspected, the patient should be re-
evaluated immediately. If a complication is confirmed, the patient 
should receive antibiotic treatment, after sampling of blood cultures.  
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Complicated diverticulitis 
The most important issue is whether the patient’s condition demands acute 
surgery. The key is the general condition of the patient, which, in 
combination with CT scan findings and laboratory tests decides the need of 
acute surgery. After sampling of blood cultures, the patient should receive 
antibiotic treatment. Localized abscesses should be treated by percutaneous 
or transanal drainage. The decision regarding the need of acute surgery 
should be made in consultation with a colorectal surgeon. 

Follow-up after diverticulitis 
After diverticulitis all patients should undergo a colonic investigation 
within two months, unless this has been done previously, with the purpose 
of excluding malignancy of the colon.  
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Brief summary in Swedish 

Kolondivertikelsjukdom (fickor i tjocktarmen) är ett vanligt och godartat 
tillstånd i västvärlden och med stigande förekomst. Det uppträder hos en 
tredjedel av befolkningen äldre än 45 år och upp till två tredjedelar av dem 
äldre än 85 år. En divertikel (tarmficka) definieras som ett säckformat 
bråck av slemhinnan genom väggen på tjocktarmen. Divertikulit är den 
vanligaste komplikationen och definieras som inflammation i ett 
divertikelbärande kolonsegment. Även om majoriteten av de med 
kolondivertikulos är utan symtom, utvecklar 10-25% någon form av 
komplikation under livet. De vanligaste symtomen vid okomplicerad 
divertikulit är lågt sittande buksmärtor, feber och ömhet i bukens nedre del. 
Divertikelsjukdomen är mycket utbredd i befolkningen och incidensen av 
akut divertikulit ökar samtidigt som medelåldern för de drabbade sjunker. 

Inläggning för akut divertikulit på sjukhus ökar med åldern för  
bägge könen. Med en åldrande befolkning i västvärlden, kommer 
divertikelsjukdomen att bli ett allt större och viktigare kliniskt och 
ekonomiskt problem. Diagnosen akut okomplicerad divertikulit ställs 
kliniskt och radiologiskt. Behandlingen har bestått av antibiotikaterapi och 
tarmvila. Patienter genomgår sedan en kolonutredning för att bekräfta 
diagnosen och utesluta cancer. Det finns dock många olika frågor i 
diagnostiken och behandlingen av divertikulit som ej är besvarade. 
Rekommendationerna beträffande antibiotikabehandling vid okomplicerad 
divertikulit är baserad på tradition och, med tanke på ökande problem med 
antibiotika-resistans världen över bör denna policy testas. 

I denna avhandling analyserar vi olika diagnostiska och terapeutiska 
aspekter vid divertikulit. Avhandling baseras dels på en systematisk 
översikt över röntgendiagnostik vid akut divertikulit och dels på tre 
separata insamlade kohorter under olika tidsperioder under 2000-talet.  

Studie I  
I studie I genomsökte vi databaserna Pub Med, Cochrane Library och 
EMBASE efter artiklar som handlade om diagnostik av akut divertikulit 
publicerade fram till november 2005. Studier där olika bilddiagnostiska 
metoder så som Ultraljud(UL), datortomografi(DT), koloningjutning(KI), 
och magnetkamera(MR) jämfördes med en referensstandard söktes. Tre 
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oberoende undersökare läste artiklarna enligt ett på förhand upprättat 
protokoll. Vid meningsskiljaktighet söktes konsensus och en fjärde 
undersökare konsulterades. Grad av belägg klassificerades enligt kriterier 
av CEBM (Centre for Evidence-Based Medicine, Oxford, UK). För 
inklusion i den slutliga utvärderingen måste studierna vara randomiserade, 
kontrollerade eller observationella där patienterna var konsekutiva eller 
slumpvis valda. Referensstandard var kliniskt utfall och slutlig diagnos 
med en adekvat uppföljning och en bekräftande undersökning annan än den 
utvärderade undersökningen, såsom koloskopi eller kolonröntgen, visande 
divertikulos eller divertikulitförändringar. 

Om en individuell studie inte kunde visa känslighet och andra statistiska 
parametrar för metoden, extraherades data för beräkning av dessa.  

Vi hittade och läste 49 potentiellt relevanta artiklar. Tjugonio av dessa 
artiklar exkluderades då de inte var originalpublikationer(14st), saknade 
tydlig referensstandard(6), otillräcklig statistiska parametrar(8) eller dubbel 
publikation med ett annat focus än målet för översiktsstudien(1). Sex 
studier där man enbart kunde beräkna metodens känslighet inkluderades 
ändå då dessa hade histopatalogisk diagnos efter kirurgi som 
referensstandard och bedömdes kunna bidra till översikten bland patienter 
som opererats för sin divertikelsjukdom.  

Fjorton studier uppfyllde kriterierna för utvärdering av ”level of 
evidence” och graderades enligt CEBM kriterierna.  

Vår slutsats blev att trots utbredd användning av DT för diagnostik av 
akut divertikulit fanns det endast en studie med god metodologisk kvalité. 
Det fanns däremot tre studier med god kvalité för UL vilka visat höga 
siffror både för att bekräfta och utesluta diagnosen. Detta tillsammans med 
det faktum att UL inte medför en strålningsbelastning för patienten gör 
denna metod intressant för diagnostik av divertikulit.  

Studie II 
Syftet med denna studie var att studera frekvensen av antibiotikaresistenta 
bakterier hos patienter som drabbats av buk infektioner och att utifrån 
dessa data diskutera en rationell antibiotikapolicy för prevention och 
behandling av infektioner. 

Patienter med bukinfektion där tillståndet krävde operation med minst 
en dos antibiotika alternativt konservativ behandling med antibiotika, 
inkluderades. Åtta kirurgiska centra i södra och mellersta Sverige deltog i 
studien som pågick från januari 2006 till november 2007. Ett protokoll med 
demografiska data och uppgifter om anamnes och status, laboratorievärden, 
tidigare antibiotikabehandling samt resa utomlands under senaste året 
ifylldes för varje patient Vid ankomst till akuten togs avföringsprov som 
sedan odlades och resistensbestämning utfördes enligt gällande rutiner. 
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Vi tog rektalprov på 208 patienter med akut bukinfektion. Kirurgi 
utfördes på 134 patienter (65%). Den högsta andelen resistens sågs för 
ampicillin (54%), tetracycline (26%), cefuroxime (26%) och trimethoprim-
sulfamethoxazole (20%). Prevalensen reducerad känslighet (I+R) för andra 
antibiotika var 20 % för ciprofloxacin, 17% för piperacillin-tazobactam, 
14% för cefotaxime, 12% för ertapenem och 3% för gentamicin (Table 14). 
Alla isolat var känsliga för imipenem. 6.3% av patienterna var bärare av 
ESBL eller AMPc producerande (multiresistenta) bakterier. Inget isolat 
med MRSA eller VRE detekterades hos patienterna.  

Table 14. Resistentmönstret bland Enterobacteriaceae. 

 S (%) R (%) 

Ampicillin 0.6 99.4 

Cefuroxime 74.3 25.7 

Cefotaxime 86.5 13.5 

Ciprofloxacin 80.1 19.9 

Pip/tazo 82.7 17.3 

Trim-sulfa 80.1 19.9 

Tetracycline 73.8 26.2 

Gentamicin 97.2 2.8 

S= känslighet, R= reducerad känslighet 

Sammanfattningsvis visade denna studie en hög grad av resistens hos 
tarmbakterier mot antibiotika som används idag vid prevention och 
behandling inom bukkirurgin i Sverige. Detta innebär ett hot för 
behandling av patienter med bukinfektioner och kan leda till 
behandlingssvikt och ökad dödlighet, sjuklighet och förlängd vårdtid. 
Fynden bör leda till en omprövning av vår antibiotikapolicy. Anpassning 
av antibiotikaval, ökad odling före antibiotikaterapi, undvikande av 
antibiotika vid självläkande tillstånd och restriktiv användning av 
antibiotika som driver på resistensproblemet är några åtgärder som kan 
användas.  

Studie III 
Syftet med denna studie var att studera om antibiotikabehandling 
påskyndar tillfrisknande samt förebygger komplikationer och 
återinsjuknande hos patienter med akut okomplicerad divertikulit. 
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AVOD-studien (antibiotikabehandling vid okomplicerad divertikulit)  
bedrevs som en multicentrisk öppen randomiserad studie mellan oktober 
2003 och jan 2009. Tio kirurgiska kliniker i Sverige och en på Island 
deltog i studien. Patienter med DT-verifierad akut okomplicerad 
divertikulit lottades till behandling med eller utan antibiotika. Ett protokoll 
fylldes i för varje patient med demografiska data och uppgifter om tidigare 
divertikulit, anamnes och status, symtom, laboratorievärden, samt  
DT-fynd.  

Data om patienternas tillstånd under vårdtiden samlades in dagligen och 
beslut om utskrivning baserades på den kliniska förbättringen och på 
objektiva parametrar som sjunkande infektionsprover och feber. 
Uppföljning gjordes efter 12 månader. 

Vi inkluderade 623 patienter varav, 403 kvinnor. Grupperna var lika 
avseende ålder, kön, BMI, temperatur, LPK, CRP men inte för tidigare 
genomgången divertikulit. Medianåldern var 58 år. Kirurgiska 
komplikationer med perforation förekom i sex fall och abscess i tre. Det 
fanns ingen signifikant skillnad avseende komplikationer eller vårdtid 
mellan grupperna. Återinläggning pga recidiv under ett år förekom hos ca 
16% av patienterna, lika i båda grupperna. 

Beträffande patienternas smärtupplevelse, feber och uppskattning av 
ömhet i buken vid inläggning och under vårdtiden fanns det ingen skillnad 
mellan grupperna.  

Denna studie visar en låg risk för komplikationer hos patienter som 
läggs in med akut okomplicerad divertikulit. Våra data visar att 
antibiotikabehandling inte förhindrar kirurgisk komplikation, förkortar inte 
vårdtiden och förebygger inte recidiv och bör därför inte användas vid akut 
okomplicerad divertikulit.  

Studie IV  
Syftet med studie fyra var att bedöma om DT-kolografi (DTK) kan vara ett 
alternativ till koloskopi i uppföljningen efter genomgången divertikulit 
avseende tolerabilitet och tillförlitlighet.  

Studien bedrevs som en öppen studie genomförd vid Västmanlands 
sjukhus Västerås och Akademiska sjukhuset i Uppsala mellan maj 2005 till 
november 2007. Patienter med genomgången akut divertikulit och i behov 
av kolonutredning inkluderades. Patienterna genomgick båda under-
sökningsmetoderna under samma dag. Hälften av patienterna genomgick 
först koloskopi och sedan DTK och hos den andra hälften i omvänd 
ordning. Patienternas upplevelser registrerades både före undersökningarna 
och efter varje undersökning. Erfarna koloskopister deltog och en radiolog 
tolkade all DTK. 
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Vi inkluderade 110 patienter (67 kvinnor) i studien. Medianåldern var 
56 år. Andel lyckade fullständiga undersökningar var 91% (100/110) för 
koloskopi och 86% (94/107) för DTK. Undersökningstiden var i median 25 
minuter för båda metoderna. Divertiklar och polyper hittades hos 94%, 
respektive 20% med koloskopi och 94% respektive 29% med DTK. 83% 
av patienterna fick lugnande/smärtstillande medel i samband med 
koloskopi. 

Vi fann att DTK upplevs som mindre smärtsam och obehaglig jämfört 
med koloskopi vid kolonutredning efter divertikulit. DTK detekterar 
divertiklarna lika frekvent som coloskopi. Jämfört med koloskopi hade 
DTK dock låg sensitivitet, specificitet och låg grad av överensstämmande 
beträffande detektion av polyper. DTK kan vara ett alternativ till koloskopi 
vid utredning av tjocktarmen efter genomgången divertikulit. 

Slutsatser 
 Trots utbredd användning av DT för diagnostik av akut divertikulit 

fanns det endast en studie med god metodologisk kvalité. Det fanns 
däremot tre studier med god kvalité för UL vilka visat god förmåga att 
både bekräfta och utesluta diagnosen. Detta tillsammans med det 
faktum att UL inte medför en strålningsbelastning för patienten gör 
denna metod intressant för diagnostik av divertikulit.  

 
 Screening för antibiotikaresistens hos tarmbakterier visade hög grad av 

resistens mot antibiotika som används ofta idag vid prevention och 
behandling inom bukkirurgin i Sverige. Detta innebär ett hot för 
behandling av patienter med bukinfektioner och kan leda till 
behandlingssvikt och ökad dödlighet, sjuklighet och förlängd vårdtid. 
Fynden bör leda till en omprövning av vår antibiotikapolicy. 

 
 Detta är den första randomiserade kontrollerade studie som undersökt 

behovet av antibiotikabehandling vid akut okomplicerad divertikulit. 
Våra data visar att antibiotikabehandling inte förhindrar kirurgisk 
komplikation, förkortar inte vårdtiden och förebygger inte recidiv och 
bör därför inte användas vid akut okomplicerad divertikulit. 
Antibiotika skall reserveras för patienter med komplicerad divertikulit.  

 
 DTK upplevs som mindre smärtsam och obehaglig jämfört med 

koloskopi vid kolonutredning efter divertikulit. DTK detekterar 
divertiklarna lika frekvent som koloskopi. Jämfört med koloskopi hade 
DTK dock låg sensitivitet, specificitet och låg grad av 
överensstämmande beträffande detektion av polyper.  
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Riktlinjer för omhändertagande av patienter 
med akut divertikulit 

Diagnostik vid divertikulit: 
Medan en del av patienterna med divertikulit kan behandlas polikliniskt 
behöver andra akut kirurgi. Ett brett spektrum av svårighetsgrader av 
tillståndet och behovet av snabb diagnos ställer höga krav på den kliniska 
och radiologiska undersökningen.  

Samtliga patienter som söker akut för en förstagångsdivertikulit bör 
genomgå en akut datortomografi (DT) av buk och bäckenet för att verifiera 
diagnosen. Beroende på kliniken, laboratorievärden och radiologiska 
bilden får tillståndet klassificeras som: 

 
 Okomplicerad divertikulit: Akut divertikulit utan sepsis och utan 

tecken till komplikationer radiologiskt som fri gas, abscess, fistel eller 
ileus 

 Komplicerad divertikulit: Akut divertikulit med radiologiska tecken till 
komplikationer eller sepsis  

Okomplicerad divertikulit 
 Om patienten har lindriga symptom och kan inta vätska peroralt, och 

kan sköta sig hemma får patienten behandlas poliklinisk med möjlighet 
till återbesök inom 10 dagar. Patienten ska då inta flytande kost ett par 
dygn med successivt återgång till normal kost och behöver inte 
antibiotika. Vid försämring uppmanas patienten återkomma för en ny 
bedömning. 

 Vid hög feber, svårigheter att inta vätska peroralt eller om patienten 
inte klarar sig själv i hemmet bör patienten läggas in för 
vätskebehandling men utan antibiotika. Om försämring med tecken till 
komplikationer skall detta verifieras och behandlas enligt gängse 
rutiner. 
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Komplicerad divertikulit 
Viktigaste bedömningen är huruvida patienten måste opereras eller ej. 
Viktigast är patientens allmänna tillstånd som tillsammans med, 
laboratorievärden och den radiologiska utredningen får avgöra om behov 
av akut kirurgi föreligger. Patienten skall  genomodlas och antibiotika bör 
insättas. En lokaliserad abscess bör behandlas med perkutant alt 
transrektal-dränage beroende på lokalisation och storlek. Operationen får 
beslutas i samråd med kolorektalkirurg.  

Uppföljning efter divertikulit: 
Efter genomgången divertikulit bör tarmen utredas efter 6-8 veckor för att 
utesluta kolonmalignitet. Det finns ingen anledning att skynda på 
utredningen om inte den akuta DT-undersökningen antyder misstanke om 
malignitet, eftersom utredningen kan förvärra divertikulittillståndet. Vi 
rekommenderar rektoskopi med försiktig luftblåsning av patienten före 
hemgång då rektum inte kan bedömas radiologiskt.  



 66 

Acknowledgments 

I should wish to express my sincere appreciation and gratitude to those 
who have supported and encouraged me during my research and made this 
thesis possible. I should especially like to thank: 

Kenneth Smedh, my main tutor, fantastic surgical coach and friend for 
believing in me, introducing me to research and teaching me his precise, 
masterly surgical techniques, and for his focus, enthusiasm and interest in 
the patients, which have been an inspiration for me.  

Lars Påhlman, my co-tutor, for all his support, enthusiasm and 
knowledge of research, especially for all his support in performing three 
multi-centre studies and for the rapid review of manuscripts and 
constructive criticism.  

Jerzy Leppert, Centre for Clinical Research in Västerås, for giving me 
the opportunity to make this journey, providing the time and resources 
necessary for the completion of my thesis and also for his neverending 
support.  

Mats Enlund, head of the Centre for Clinical Research in Västerås for 
all the necessary resources for the completion of my thesis. 

Leif Bergqvist, head of the Department of Surgery and my mentor since 
I started my surgical career in Västerås, and also for all his research 
support. 

Eva Strand, for her great enthusiasm in her work and for being 
responsible for and managing the comprehensive data set, and for all her 
help in conducting all three multi-centre studies on which this thesis is 
partly based. 

My co-authors, Håkan Hanberger, Göran Liljegren, Sven Nilsson, 
Lennart Nilsson, Fredrik Hjern, Staffan Haapaniemi, Maria Tärnberg, 
Malin Wickbom, Kerstin Nilsson, Christian Lindberg and Marianne 
Stensson for good teamwork. 

Kenneth Lindahl, for all his friendship, support and encouragement 
during the research and for all the running and skiing exercises together 
that gave me the strength to continue my work.  



 67 

Members of the AVOD study group: T Stefansson, M Sundén,  
P Myrelid, U Ersson, H Laurell, G Liljegren and A Faraj. 

Colleagues participating in the BAKKI study: A Rosemar, P-A 
Larsson, P Loftås, M Andersson, C Wallon and P Jestin. 

Kent W Nilsson, for his outstanding help and guidance in the field of 
medical statistics.  

Maziar Hosseinali Khani, Yvette Andersson and Johan Carlander, 
my friends and colleagues, for their support, guidance and neverending 
encouragements. 

Henry Letocha, for his excellent and speedily executed linguistic 
revision. 

All the personnel and researchers at the Centre for Clinical Research, 
Västerås, for their friendship and kind skilful support and help, in 
particular: Maria, Katarina, Michaela, Tony and Helena.  

My colleagues at the Department of Surgery, Västerås, for their 
friendship, interest and support, in particular Katarina and Catarina for 
your patience during my absence from the colorectal unit. 

All the members of our research group at Uppsala University for their 
friendship, encouragement and stimulating discussions at the meetings.  

All the personnel in the colorectal team at the Department of Surgery, 
Västerås, for always being friendly and full of expectation with regard to 
the completion of my thesis.    

 
And most of all:  
 
My Brothers Mohammad Taghi, Reza and my sisters Azizeh, 

Tahereh, Freshteh, Razieh and Sabieh for their endless love and support 
during my whole life.  

 
My Mother Fatimeh, for her endless love and support. 
 
Araz and Mino, my wonderful beloved children, for being my greatest 

source of happiness.  
 
And last, but not least, my wonderful wife Mojgan, for her endless love, 

support and encouragement during all these years. 
 
 



 68 

References 

1. Littre A 1700. Cited by: Finney J. Diverticulitis and its surgical treatment. Proc 
Interstate Post-Grad Med Assembly. North Am 1928;55:57-65. 

2. Cruveilhier J. Traité d'Anatomie Pathologique Genéralé. Paris: Bailliere, 1849. 
3. Graser E. Das falsche Darmdivertikel. Arch klin Chir 1899;59:638–47. 
4. Beer E. Some pathalogical and clinical aspects of acquired (false) diverticula of 

the intestine. Am J Med Sci 1904;128:135-45. 
5. Telling W. Acquired diverticula of sigmoid flexure, considered especially in 

relation to scondary pathological processes and their clinical symptoms. 
Lancet 1908;1(843-50):928-31. 

6. Telling W, Gunner O. Acquired diverticula. diverticulitis, and peridiverticulitis 
of the large intestine. Br J Surg 1917;4:468-530. 

7. Roberts P, Abel M, Rosen L, Cirocco W, Fleshman J, Leff E, et al. Practice 
parameters for sigmoid diverticulitis. The Standards Task Force American 
Society of Colon and Rectal Surgeons. Diseases of the Colon and Rectum 
1995;38(2):125-32. 

8. Kozak LJ, DeFrances CJ, Hall MJ. National hospital discharge survey: 2004 
annual summary with detailed diagnosis and procedure data. Vital Health Stat 
13 2006(162):1-209. 

9. Etzioni DA, Mack TM, Beart RW, Jr., Kaiser AM. Diverticulitis in the United 
States: 1998-2005: changing patterns of disease and treatment. Ann Surg 
2009;249(2):210-7. 

10. Parks TG. Natural history of diverticular disease of the colon. Clin 
Gastroenterol 1975;4(1):53-69. 

11. Kang JY, Hoare J, Tinto A, Subramanian S, Ellis C, Majeed A, et al. 
Diverticular disease of the colon - on the rise: a study of hospital admissions in 
England between 1989/1990 and 1999/2000. Alimentary Pharmacology and 
Therapeutics 2003;17(9):1189-95. 

12. Konvolinka CW. Acute diverticulitis under age forty. Am J Surg 
1994;167(6):562-5. 

13. Laurell H, Hansson LE, Gunnarsson U. Acute diverticulitis - clinical 
presentation and differential diagnostics. Colorectal Dis 2007;9(6):496-501; 
discussion 01-2. 

14. Kohler L, Sauerland S, Neugebauer E. Diagnosis and treatment of diverticular 
disease: results of a consensus development conference. The Scientific 
Committee of the European Association for Endoscopic Surgery. Surg Endosc 
1999;13(4):430-6. 

15. Hinchey EJ, Schaal PG, Richards GK. Treatment of perforated diverticular 
disease of the colon. Adv Surg 1978;12:85-109. 

16. Wasvary H, Turfah F, Kadro O, Beauregard W. Same hospitalization resection 
for acute diverticulitis. Am Surg 1999;65(7):632-5; discussion 36. 



 69 

17. Ambrosetti P, Becker C, Terrier F. Colonic diverticulitis: impact of imaging on 
surgical management - a prospective study of 542 patients.  
Eur Radiol 2002;12(5):1145-9. 

18. Slack WW. The anatomy, pathology, and some clinical features of divericulitis 
of the colon. Br J Surg 1962;50:185-90. 

19. Morson BC. The Muscle Abnormality in Diverticular Disease of the Colon. 
Proc R Soc Med 1963;56:798-800. 

20. Whiteway J, Morson BC. Elastosis in diverticular disease of the sigmoid colon. 
Gut 1985;26(3):258-66. 

21. Wess L, Eastwood MA, Wess TJ, Busuttil A, Miller A. Cross linking of 
collagen is increased in colonic diverticulosis. Gut 1995;37(1):91-4. 

22. Painter NS, Truelove SC, Ardran GM, Tuckey M. Segmentation and the 
Localization of Intraluminal Pressures in the Human Colon, with Special 
Reference to the Pathogenesis of Colonic Diverticula. Gastroenterology 
1965;49:169-77. 

23. Painter NS, Burkitt DP. Diverticular disease of the colon: a deficiency disease 
of Western civilization. Br Med J 1971;2(5759):450-4. 

24. Fisher N, Berry CS, Fearn T, Gregory JA, Hardy J. Cereal dietary fiber 
consumption and diverticular disease: a lifespan study in rats. Am J Clin Nutr 
1985;42(5):788-804. 

25. Taylor I, Duthie HL. Bran tablets and diverticular disease. Br Med J 
1976;1(6016):988-90. 

26. Aldoori WH, Giovannucci EL, Rimm EB, Wing AL, Trichopoulos DV, Willett 
WC. A prospective study of diet and the risk of symptomatic diverticular 
disease in men. Am J Clin Nutr 1994;60(5):757-64. 

27. Manousos O, Day NE, Tzonou A, Papadimitriou C, Kapetanakis A, 
Polychronopoulou-Trichopoulou A, et al. Diet and other factors in the 
aetiology of diverticulosis: an epidemiological study in Greece. Gut 
1985;26(6):544-9. 

28. Heaton KW, Thompson WG. Exercise and diverticular disease. BMJ 
1995;310(6990):1332. 

29. Papagrigoriadis S, Macey L, Bourantas N, Rennie JA. Smoking may  
be associated with complications in diverticular disease. Br J Surg 
1999;86(7):923-6. 

30. Aldoori WH, Giovannucci EL, Rimm EB, Wing AL, Trichopoulos DV, Willett 
WC. A prospective study of alcohol, smoking, caffeine, and the risk of 
symptomatic diverticular disease in men. Ann Epidemiol 1995;5(3):221-8. 

31. Tonnesen H, Engholm G, Moller H. Association between alcoholism and 
diverticulitis. Br J Surg 1999;86(8):1067-8. 

32. Aldoori WH, Giovannucci EL, Rimm EB, Wing AL, Willett WC. Use of 
acetaminophen and nonsteroidal anti-inflammatory drugs: a prospective study 
and the risk of symptomatic diverticular disease in men. Arch Fam Med 
1998;7(3):255-60. 

33. Goh H, Bourne R. Non-steroidal anti-inflammatory drugs and  
perforated diverticular disease: a case-control study. Ann R Coll Surg Engl 
2002;84(2):93-6. 

34. Wilson RG, Smith AN, Macintyre IM. Complications of diverticular disease 
and non-steroidal anti-inflammatory drugs: a prospective study. Br J Surg 
1990;77(10):1103-4. 

35. Hiltunen KM, Kolehmainen H, Vuorinen T, Matikainen M. Early water-
soluble contrast enema in the diagnosis of acute colonic diverticulitis. Int J 
Colorectal Dis 1991;6(4):190-2. 



 70 

36. Rao PM, Rhea JT, Novelline RA, Dobbins JM, Lawrason JN, Sacknoff R, et 
al. Helical CT with only colonic contrast material for diagnosing diverticulitis: 
prospective evaluation of 150 patients. AJR Am J Roentgenol 
1998;170(6):1445-9. 

37. Werner A, Diehl SJ, Farag-Soliman M, Duber C. Multi-slice spiral CT in 
routine diagnosis of suspected acute left-sided colonic diverticulitis:  
a prospective study of 120 patients. Eur Radiol 2003;13(12):2596-603. 

38. Toorenvliet BR, Bakker RF, Breslau PJ, Merkus JW, Hamming JF. Colonic 
diverticulitis: a prospective analysis of diagnostic accuracy and clinical 
decision-making. Colorectal Dis 2010;12(3):179-86. 

39. Rankin F. Diverticulitis of the colon. Surg Gynecol Obstet 1930;50:836–47. 
40. de Korte N, Unlu C, Boermeester MA, Cuesta MA, Vrouenreats BC, 

Stockmann HB. Use of antibiotics in uncomplicated diverticulitis. Br J Surg 
2011. 

41. Kellum JM, Sugerman HJ, Coppa GF, Way LR, Fine R, Herz B, et al. 
Randomized, prospective comparison of cefoxitin and gentamicin-
clindamycin in the treatment of acute colonic diverticulitis. Clin Ther 
1992;14(3):376-84. 

42. Ridgway PF, Latif A, Shabbir J, Ofriokuma F, Hurley MJ, Evoy D, et al. 
Randomized controlled trial of oral vs intravenous therapy for the clinically 
diagnosed acute uncomplicated diverticulitis. Colorectal Dis 2009;11(9):941-
6. 

43. de Korte N, Kuyvenhoven JP, van der Peet DL, Felt-Bersma RJ, Cuesta MA, 
Stockmann HB. Mild colonic diverticulitis can be treated without antibiotics. 
A case-controlled study. Colorectal Dis 2011. 

44. Hjern F, Josephson T, Altman D, Holmstrom B, Mellgren A, Pollack J, et al. 
Conservative treatment of acute colonic diverticulitis: are antibiotics always 
mandatory? Scand J Gastroenterol 2007;42(1):41-7. 

45. Falagas ME, Barefoot L, Griffith J, Ruthazar R, Snydman DR. Risk factors 
leading to clinical failure in the treatment of intra-abdominal or skin/soft tissue 
infections. Eur J Clin Microbiol Infect Dis 1996;15(12):913-21. 

46. Montravers P, Gauzit R, Muller C, Marmuse JP, Fichelle A, Desmonts JM. 
Emergence of antibiotic-resistant bacteria in cases of peritonitis after 
intraabdominal surgery affects the efficacy of empirical antimicrobial therapy. 
Clin Infect Dis 1996;23(3):486-94. 

47. Christou NV, Turgeon P, Wassef R, Rotstein O, Bohnen J, Potvin M. 
Management of intra-abdominal infections. The case for intraoperative 
cultures and comprehensive broad-spectrum antibiotic coverage. The 
Canadian Intra-abdominal Infection Study Group. Arch Surg 
1996;131(11):1193-201. 

48. Erb A, Sturmer T, Marre R, Brenner H. Prevalence of antibiotic resistance in 
Escherichia coli: overview of geographical, temporal, and methodological 
variations. Eur J Clin Microbiol Infect Dis 2007;26(2):83-90. 

49. SWEDRES 2010 (http://www.smittskyddsinstitutet.se). 
50. Lytsy B, Sandegren L, Tano E, Torell E, Andersson DI, Melhus A. The first 

major extended-spectrum beta-lactamase outbreak in Scandinavia was caused 
by clonal spread of a multiresistant Klebsiella pneumoniae producing CTX-M-
15. Apmis 2008;116(4):302-8. 

51. Naseer U, Natas OB, Haldorsen BC, Bue B, Grundt H, Walsh TR, et al. 
Nosocomial outbreak of CTX-M-15-producing E. coli in Norway. Apmis 
2007;115(2):120-6. 



 71 

52. Fang H, Lundberg C, Olsson-Liljequist B, Hedin G, Lindback E, Rosenberg A, 
et al. Molecular epidemiological analysis of Escherichia coli isolates 
producing extended-spectrum beta-lactamases for identification of nosocomial 
outbreaks in Stockholm, Sweden. J Clin Microbiol 2004;42(12):5917-20. 

53. Hallgren A, Saeedi B, Nilsson M, Monstein HJ, Isaksson B, Hanberger H, et 
al. Genetic relatedness among Enterococcus faecalis with transposon-mediated 
high-level gentamicin resistance in Swedish intensive care units.  
J Antimicrob Chemother 2003;52(2):162-7. 

54. Torell E, Cars O, Hambraeus A. Ampicillin-resistant enterococci in a Swedish 
university hospital: nosocomial spread and risk factors for infection. Scand J 
Infect Dis 2001;33(3):182-7. 

55. Hanberger H, Diekema D, Fluit A, Jones R, Struelens M, Spencer R, et al. 
Surveillance of antibiotic resistance in European ICUs. J Hosp Infect 
2001;48(3):161-76. 

56. Hart AR, Kennedy HJ, Stebbings WS, Day NE. How frequently do large 
bowel diverticula perforate? An incidence and cross-sectional study. Eur J 
Gastroenterol Hepatol 2000;12(6):661-5. 

57. Makela J, Kiviniemi H, Laitinen S. Prevalence of perforated sigmoid 
diverticulitis is increasing. Dis Colon Rectum 2002;45(7):955-61. 

58. Morris CR, Harvey IM, Stebbings WS, Hart AR. Incidence of perforated 
diverticulitis and risk factors for death in a UK population. Br J Surg 
2008;95(7):876-81. 

59. Kronborg O. Treatment of perforated sigmoid diverticulitis: a prospective 
randomized trial. Br J Surg 1993;80(4):505-7. 

60. Zeitoun G, Laurent A, Rouffet F, Hay J, Fingerhut A, Paquet J, et al. 
Multicentre, randomized clinical trial of primary versus secondary sigmoid 
resection in generalized peritonitis complicating sigmoid diverticulitis. Br J 
Surg 2000;87(10):1366-74. 

61. Afshar S, Kurer MA. Laparoscopic peritoneal lavage for perforated sigmoid 
diverticulitis. Colorectal Dis 2012;14(2):135-42. 

62. Ambrosetti P, Chautems R, Soravia C, Peiris-Waser N, Terrier F. Long-term 
outcome of mesocolic and pelvic diverticular abscesses of the left colon: a 
prospective study of 73 cases. Dis Colon Rectum 2005;48(4):787-91. 

63. Kaiser AM, Jiang JK, Lake JP, Ault G, Artinyan A, Gonzalez-Ruiz C, et al. 
The management of complicated diverticulitis and the role of computed 
tomography. Am J Gastroenterol 2005;100(4):910-7. 

64. Chapman J, Davies M, Wolff B, Dozois E, Tessier D, Harrington J, et al. 
Complicated diverticulitis: is it time to rethink the rules? Ann Surg 
2005;242(4):576-81; discussion 81-3. 

65. Lorimer JW. Is prophylactic resection valid as an indication for elective 
surgery in diverticular disease? Can J Surg 1997;40(6):445-8. 

66. Somasekar K, Foster ME, Haray PN. The natural history diverticular disease: 
is there a role for elective colectomy? Journal of the Royal College of 
Surgeons of Edinburgh 2002;47(2):481-2, 84. 

67. Sarin S, Boulos PB. Long-term outcome of patients presenting with  
acute complications of diverticular disease. Ann R Coll Surg Engl 
1994;76(2):117-20. 

68. Nylamo E. Diverticulitis of the colon: role of surgery in preventing 
complications. Ann Chir Gynaecol 1990;79(3):139-42. 

69. Frizelle FA, Dominguez JM, Santoro GA. Management of post-operative 
recurrent diverticulitis: a review of the literature. J R Coll Surg Edinb 
1997;42(3):186-8. 



 72 

70. Maconi G, Barbara G, Bosetti C, Cuomo R, Annibale B. Treatment of 
diverticular disease of the colon and prevention of acute diverticulitis:  
a systematic review. Dis Colon Rectum 2011;54(10):1326-38. 

71. Stefansson T, Ekbom A, Sparen P, Pahlman L. Increased risk of left sided 
colon cancer in patients with diverticular disease. Gut 1993;34(4):499-502. 

72. Stefansson T, Ekbom A, Sparen P, Pahlman L. Association between sigmoid 
diverticulitis and left-sided colon cancer: a nested, population-based, case 
control study. Scand J Gastroenterol 2004;39(8):743-7. 

73. Dafnis G, Blomqvist P, Granath F, Pahlman L, Ekbom A. Colorectal cancer 
detection by colonoscopy in a Swedish county, 1979-95. Scand J 
Gastroenterol 2003;38(10):1059-67. 

74. van Rijn JC, Reitsma JB, Stoker J, Bossuyt PM, van Deventer SJ, Dekker E. 
Polyp miss rate determined by tandem colonoscopy: a systematic review. Am J 
Gastroenterol 2006;101(2):343-50. 

75. Dafnis G, Granath F, Pahlman L, Ekbom A, Blomqvist P. Patient  
factors influencing the completion rate in colonoscopy. Dig Liver Dis 
2005;37(2):113-8. 

76. Herman LL, Kurtz RC, McKee KJ, Sun M, Thaler HT, Winawer SJ. Risk 
factors associated with vasovagal reactions during colonoscopy. Gastrointest 
Endosc 1993;39(3):388-91. 

77. Vakil N, Fulton K. A prospective step-wise abdominal pressure during 
colonoscopy (abstract). Gastrointest Endosc 1994;40((2 part 2)):P46. 

78. Williams C, Teague R. Colonoscopy. Gut 1973;14(12):990-1003. 
79. Vining D, Gelfand D, Bechtold R, al. e. Technical feasibility of colon imaging 

with helical CT and virtual reality. Am J Reontenol 1994;162((suppl.)):104. 
80. Halligan S, Altman DG, Taylor SA, Mallett S, Deeks JJ, Bartram CI, et al. CT 

colonography in the detection of colorectal polyps and cancer: systematic 
review, meta-analysis, and proposed minimum data set for study level 
reporting. Radiology 2005;237(3):893-904. 

81. Halligan S, Taylor SA. CT colonography: results and limitations. Eur J Radiol 
2007;61(3):400-8. 

82. Mulhall BP, Veerappan GR, Jackson JL. Meta-analysis: computed 
tomographic colonography. Ann Intern Med 2005;142(8):635-50. 

83. Hjern F, Jonas E, Holmstrom B, Josephson T, Mellgren A, Johansson C. CT 
colonography versus colonoscopy in the follow-up of patients after 
diverticulitis - a prospective, comparative study. Clin Radiol 2007;62(7):645-
50. 

84. van Gelder RE, Birnie E, Florie J, Schutter MP, Bartelsman JF, Snel P, et al. 
CT colonography and colonoscopy: assessment of patient preference in a  
5-week follow-up study. Radiology 2004;233(2):328-37. 

85. Landis JR, Koch GG. The measurement of observer agreement for categorical 
data. Biometrics 1977;33(1):159-74. 

86. Pradel JA, Adell JF, Taourel P, Djafari M, Monnin-Delhom E, Bruel JM. 
Acute colonic diverticulitis: prospective comparative evaluation with US and 
CT. Radiology 1997;205(2):503-12. 

87. Verbanck J, Lambrecht S, Rutgeerts L, Ghillebert G, Buyse T, Naesens M, et 
al. Can sonography diagnose acute colonic diverticulitis in patients with acute 
intestinal inflammation? A prospective study. J Clin Ultrasound 
1989;17(9):661-6. 

88. Zielke A, Hasse C, Nies C, Kisker O, Voss M, Sitter H, et al. Prospective 
evaluation of ultrasonography in acute colonic diverticulitis. Br J Surg 
1997;84(3):385-8. 



 73 

89. Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig LM, et 
al. The STARD statement for reporting studies of diagnostic accuracy: 
explanation and elaboration. The Standards for Reporting of Diagnostic 
Accuracy Group. Croat Med J 2003;44(5):639-50. 

90. SWEDRES 2008 (http://www.smittskyddsinstitutet.se). 
91. Hopkins JA, Wilson SE, Bobey DG. Adjunctive antimicrobial therapy for 

complicated appendicitis: bacterial overkill by combination therapy. World J 
Surg 1994;18(6):933-8. 

92. Mosdell DM, Morris DM, Fry DE. Peritoneal cultures and antibiotic therapy in 
pediatric perforated appendicitis. Am J Surg 1994;167(3):313-6. 

93. Chabok A, Tarnberg M, Smedh K, Pahlman L, Nilsson LE, Lindberg C,  
et al. Prevalence of fecal carriage of antibiotic-resistant bacteria in patients 
with acute surgical abdominal infections. Scand J Gastroenterol 
2010;45(10):1203-10. 

94. Papagrigoriadis S, Debrah S, Koreli A, Husain A. Impact of diverticular 
disease on hospital costs and activity. Colorectal Dis 2004;6(2):81-4. 

95. Sandler RS, Everhart JE, Donowitz M, Adams E, Cronin K, Goodman C, et al. 
The burden of selected digestive diseases in the United States. 
Gastroenterology 2002;122(5):1500-11. 

96. Stollman N, Raskin JB. Diverticular disease of the colon. Lancet 
2004;363(9409):631-9. 

97. Rafferty J, Shellito P, Hyman NH, Buie WD. Practice parameters for sigmoid 
diverticulitis. Dis Colon Rectum 2006;49(7):939-44. 

98. Andeweg CS, Knobben L, Hendriks JC, Bleichrodt RP, van Goor H. How to 
diagnose acute left-sided colonic diverticulitis: proposal for a clinical scoring 
system. Ann Surg 2011;253(5):940-6. 

99. Ambrosetti P, Jenny A, Becker C, Terrier TF, Morel P. Acute left colonic 
diverticulitis--compared performance of computed tomography and water-
soluble contrast enema: prospective evaluation of 420 patients. Dis Colon 
Rectum 2000;43(10):1363-7. 

100. Brenner DJ, Hall EJ. Computed tomography--an increasing source of 
radiation exposure. N Engl J Med 2007;357(22):2277-84. 

101. World Health Organization http://www.who.int/ topics/drug_resistance/). 
102. Holmberg SD, Solomon SL, Blake PA. Health and economic impacts of 

antimicrobial resistance. Rev Infect Dis 1987;9(6):1065-78. 
103. Dinubile MJ, Friedland I, Chan CY, Motyl MR, Giezek H, Shivaprakash M, 

et al. Bowel colonization with resistant gram-negative bacilli after 
antimicrobial therapy of intra-abdominal infections: observations from two 
randomized comparative clinical trials of ertapenem therapy. Eur J Clin 
Microbiol Infect Dis 2005;24(7):443-9. 

104. SWEDRES 2005 (http://www.smittskyddsinstitutet.se). 
105. Surgical treatment of diverticulitis. Patient Care Committee of the Society for 

Surgery of the Alimentary Tract (SSAT). J Gastrointest Surg 1999;3(2):212-3. 
106. Stollman NH, Raskin JB. Diagnosis and management of diverticular disease 

of the colon in adults. Ad Hoc Practice Parameters Committee of the 
American College of Gastroenterology. American Journal of 
Gastroenterology 1999;94(11):3110-21. 

107. Gastroenterology Organisation (http://www.worldgastroenterology.org/). 
108. National Health Service http://www.nhs.uk/Conditions/Diverticular-disease-

and diverticulitis/Pages/Treatment.aspx. 
109. Floch MH. A hypothesis: is diverticulitis a type of inflammatory bowel 

disease? J Clin Gastroenterol 2006;40 Suppl 3:S121-5. 



 74 

110. Tursi A, Brandimarte G, Giorgetti G, Elisei W, Maiorano M, Aiello F. The 
clinical picture of uncomplicated versus complicated diverticulitis of the 
colon. Dig Dis Sci 2008;53(9):2474-9. 

111. Gatta L, Vakil N, Vaira D, Pilotto A, Curlo M, Comparato G, et al. Efficacy 
of 5-ASA in the treatment of colonic diverticular disease. J Clin Gastroenterol 
2010;44(2):113-9. 

112. White JA. Probiotics and their use in diverticulitis. J Clin Gastroenterol 
2006;40 Suppl 3:S160-2. 

113. Chintapalli KN, Esola CC, Chopra S, Ghiatas AA, Dodd GD, 3rd. Pericolic 
mesenteric lymph nodes: an aid in distinguishing diverticulitis from cancer of 
the colon. AJR Am J Roentgenol 1997;169(5):1253-5. 

114. Padidar AM, Jeffrey RB, Jr., Mindelzun RE, Dolph JF. Differentiating 
sigmoid diverticulitis from carcinoma on CT scans: mesenteric inflammation 
suggests diverticulitis. AJR Am J Roentgenol 1994;163(1):81-3. 

115. Scharling ES, Wolfman NT, Bechtold RE. Computed tomography evaluation 
of colorectal carcinoma. Semin Roentgenol 1996;31(2):142-53. 

116. McCallum A, Eastwood MA, Smith AN, Fulton PM. Colonic diverticulosis in 
patients with colorectal cancer and in controls. Scand J Gastroenterol 
1988;23(3):284-6. 

117. Morini S, de Angelis P, Manurita L, Colavolpe V. Association of colonic 
diverticula with adenomas and carcinomas. A colonoscopic experience. Dis 
Colon Rectum 1988;31(10):793-6. 

118. Westwood DA, Eglinton TW, Frizelle FA. Routine colonoscopy following 
acute uncomplicated diverticulitis. Br J Surg 2011;98(11):1630-4. 

119. Lau KC, Spilsbury K, Farooque Y, Kariyawasam SB, Owen RG, Wallace 
MH, et al. Is colonoscopy still mandatory after a CT diagnosis of left-sided 
diverticulitis: can colorectal cancer be confidently excluded? Dis Colon 
Rectum 2011;54(10):1265-70. 

120. Kieff BJ, Eckert GJ, Imperiale TF. Is diverticulosis associated  
with colorectal neoplasia? A cross-sectional colonoscopic study. Am J 
Gastroenterol 2004;99(10):2007-11. 

121. Grevfors N, Torkzad MR, Bergman A, Pahlman L. Can acute abdominal CT 
prioritise patients with suspected diverticulitis for a subsequent clean colonic 
examination? Colorectal Dis 2011. 

122. Anderson JC, Messina CR, Cohn W, Gottfried E, Ingber S, Bernstein G, et al. 
Factors predictive of difficult colonoscopy. Gastrointest Endosc 
2001;54(5):558-62. 

 
 






	Abstract
	List of Papers
	Contents
	Abbreviations
	Introduction
	History
	Definition / Incidence/ Symptoms
	Classification
	Pathogenesis / Aetiology
	Diagnosis
	Treatment
	Follow-up after diverticulitis

	Aims of the thesis
	Material and methods
	Study I
	Study II
	Study III
	Study IV

	Statistical analysis
	Ethics
	Results and discussion
	Study I
	Study II
	Study III
	Study IV

	General discussion
	Diagnosis of acute diverticulitis
	Bacterial resistance pattern
	Treatment of acute uncomplicated diverticulitis
	Colonic examination after acute diverticulitis
	Future perspectives

	Conclusions
	Guidelines for the management of patients with acute diverticulitis
	Diagnosis
	Uncomplicated diverticulitis
	Complicated diverticulitis
	Follow-up after diverticulitis

	Brief summary in Swedish
	Studie I
	Studie II
	Studie III
	Studie IV
	Slutsatser

	Riktlinjer för omhändertagande av patienter med akut divertikulit
	Diagnostik vid divertikulit:
	Okomplicerad divertikulit
	Komplicerad divertikulit
	Uppföljning efter divertikulit:

	Acknowledgments
	References



