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Introduction
!

Diverticulosis and diverticular disease are
very common changes or diseases of the gas-
trointestinal system in Western countries.
The prevalence of diverticulosis, i. e., the pres-
ence of false diverticulawithout relevant clin-
ical symptoms, is between 28% and 45%, and
a prevalence of over 60% can be assumed
among patients over 70 years old [1, 2]. Di-
verticular disease is diverticulosis with clini-
cal symptoms. It is notable that an increase
in the incidence of more than 50% has been
observed in the last 7 years particularly in
younger patients. The most common compli-
cation of diverticular disease is diverticulitis
that represents an inflammatory change of

Abstract
!

Diverticular disease and diverticulitis repre-
sent an increasingly common disease especial-
ly in patients with advanced age. The German
Society of Digestive and Metabolic Diseases
(DGVS) as well as the German Society of Gen-
eral and Visceral Surgery (DGAV) in collabora-
tionwith the German Radiology Society (DRG)
created and published S2k guidelines regard-
ing this topic. Knowledge of the diagnosis and
therapy of this common disease is extremely
important for the radiologist for the daily clin-
ical routine. In this article we review and dis-
cuss the most important clinical situations
and algorithms of this disease focusing on ra-
diological topics. Additionally, we introduce
the new CCD (classification of diverticular dis-
ease) system regarding radiology.
Key Points:

▶ For the diagnosis of a diverticular disease a
sectional imaging method should be per-
formed. First choice should be a „qualified
ultrasound examination“ followed by CT
in uncertain situations or complicated dis-
ease.

▶ Disease classification should be done ac-
cording the new CCD (Classification of di-
verticular disease) algorithm.

▶ Based on this new CCD patients can be
stratified into outpatient, in-house patient
and surgical treatment therapy.

Citation Format:

▶ Schreyer AG, Layer G. S2k Guidlines for Di-
verticular Disease and Diverticulitis: Diag-
nosis, Classification, and Therapy for the
Radiologist. Fortschr Röntgenstr 2015;
187: 676–684

Zusammenfassung
!

Die Divertikulose und die Divertikelkrankheit ist
mit zunehmendem Patientenalter eine der häufig-
sten Erkrankungen des gastrointestinalen Traktes.
Die neue S2k-Leitlinie zur „Divertikelkrankheit/
Divertikulitis“ der Deutschen Gesellschaft für
Verdauungs- und Stoffwechselkrankheiten (DGVS)
und der Deutschen Gesellschaft für Allgemein- und
Viszeralchirurgie (DGAV) unter Beteiligung der
Deutschen Röntgengesellschaft (DRG) wurde dazu
aktuell erstellt und veröffentlicht. Dieses häufige
Krankheitsbild betrifft besonders den Radiologen
hinsichtlich der Diagnose- und Therapieentschei-
dungen in der täglichen klinischen Routine in
zunehmendem Maße. Im vorliegenden Artikel
werden die wichtigsten diagnostischen und thera-
peutischen Szenarien und Algorithmen der Er-
krankung mit dem Fokus auf die Radiologie zu-
sammengefasst und diskutiert. Zusätzlich wird die
neu erstellte Klassifikation CDD (Classification of
Diverticular Disease) erläutert und ihre Auswir-
kung auf die Radiologie besprochen.
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the intestinal wall around the diverticula and can result in
covered or open perforations with consecutive stenoses, fis-
tulas, and abscesses. The pronounced shear forces along the
edge of the diverticulum can result in bleeding from the
vasa recta. Despite the high prevalence and incidence of
the disease, a sufficient overview of the literature allowing
evidence-based diagnosis and treatment has not been
provided in recent decades. The recommendations that
have been practiced and taught for decades, such as the ad-
ministration of antibiotics in the case of uncomplicated di-
verticulitis or the consideration of a second attack as an
indication for surgery, were not substantiated by the litera-
ture. Therefore, there is an urgent need for new, updated,
and evidence-based guidelines for the diagnosis and treat-
ment of this common disease. The classifications of diverti-
culitis used to date, primarily according to Hinchey [3] in
the Anglo-American region and according to Hansen and
Stock [4] in Germany, are also not based on the latest scien-
tific knowledge regarding diagnosis and course.
The significance of imaging primarily via ultrasound and
computed tomography in the clinical routine must be ree-
valuated in the context of therapeutic consequences. This
raises the question as to the extent to which smaller cov-
ered perforations or small abscesses affect the further
course of treatment.

Method
!

Based on these questions and consideration, the German
Society of Digestive and Metabolic Diseases (DGVS) toge-
ther with the German Society of General and Visceral Sur-
gery (DGAV) created S2 guidelines regarding diverticular
disease and diverticulitis. In medical guidelines according
to the system of the AWMF (Association of the Scientific
Medical Societies in Germany), a differentiation is made be-
tween S1, S2, and S3 based on the quality level of the devel-
opment method. S1 guidelines represent only an informal
consensus of an expert group. In the case of the S2 classifi-
cation, a subclassification into S2k and S2e guidelines has
been used since 2004. In the case of S2k (consensus-based)
guidelines, representatives of every relevant target audi-
ence should be included in the guideline development
group. Formal consensus development is required. A sys-
tematic literature search must be performed for S2e (evi-
dence) guidelines. In S2k guidelines every recommendation
in the framework of the structured consensus development
process should be discussed with neutral moderation and
then evaluated based on the strength of the consensus. In
contrast to S2e guidelines, the recommendations from S2k
guidelines do not receive evidence and recommendation
grades since a systematic review of the evidence in the lit-
erature is not performed [5]. At the highest quality level of
S3 guidelines, all elements of the consensus development
process must be present. The strength of the consensus
(●" Table 1) and the nomenclature of the strength of the re-
commendation (●" Table 2) corresponded to the usual re-
commendations for S2k guidelines in the present methods.
A systematic literature search beginning with 9/1/1998 and
ending with the day of the guidelines conference (3/16/
2013) was performed for the guidelines. The Danish guide-
lines published in 2012 were also taken into consideration

[6]. In total 6 work groups of experts were established
(group 1: anatomy, pathogenesis; group 2: clinical appear-
ance, natural course, complications, epidemiology; group 3:
diagnosis and staging; group 4: conservative treatment,
medications, nutrition, lifestyle; group 5: indications: out-
patient/inpatient treatment, conservative/surgical treat-
ment; group 6: surgical procedure). The German Society of
Ultrasound in Medicine (DEGUM) and the German Radiolo-
gy Society (DRG) were represented by two delegates. A
radiology representative was assigned to work group 3 (di-
agnosis and staging) and to work group 5 (indication: out-
patient/inpatient treatment, conservative/surgical treat-
ment). After initiation of the guidelines in January 2012,
they were concluded in March 2013 at the guidelines con-
ference and were then published in February 2014 [7].

Definitions
!

Colonic diverticula are defined as acquired outpouchings of
themucosa and submucosa throughweak spots in the colon
wall. By definition, these are not true diverticula but rather
false diverticula. The outpouching occurs in portions of the
submucosa through loci minoris resistentiae in the immedi-
ate vicinity of intramural blood vessels represented by the
vasa recta. It is assumed that false diverticula therefore pri-
marily occur in the sigmoid colon because numerous vasa
recta are located in this intestinal region and high intralum-
inal pressures are present. In the case of local inflammation
that typically arises from colonic diverticula (peridiverticu-
litis), the inflammation often spreads to the entire intestinal
wall (focal pericolitis). This explains further serious compli-
cations such as abscess or fistula formation and covered or
open perforation with peritonitis and stenosis. In addition,
the proximity of the vasa recta can often result in diverticu-
lar bleeding in this region. The susceptibility of colonic di-
verticula to localized inflammation is explained by the fact
that the vasa recta are locally compressed with consecutive
hypoperfusion, thus predisposing the areas to inflamma-
tory changes [8]. Moreover, bacteria-laden stool with addi-
tional mechanical irritations can be assumed in this intes-
tinal segment. Covered perforations are the result of local
inflammation and are the origin of local abscess and fistula
formation. Open perforations can also occur without in-

Table 1 Definition of the strength of consensus for votes regarding the S2k
guidelines.

strong consensus agreement > 95 % of participants

consensus agreement > 75 – 95 % of participants

majority agreement agreement > 50 – 75 % of participants

no consensus agreement < 50 % of participants

Table 2 Nomenclature of strength of recommendation based on votes.

formulation strength of the recommendation

“to be implemented” strong recommendation

“should be implemented” recommendation

“can be implemented” open recommendation

“should not be implemented” negative recommendation

“not to be implemented” strong negative recommendation
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flammatory changes and are primarily due to weakening at
the tip of the diverticulum [9]. The blood vessels under
pressure at the necks of the diverticula and at the tips of
the diverticula are susceptible to erosion and can result in
significant sigmoid bleeding even without a concomitant
inflammatory change.
The term “diverticular disease of the large intestine” should
be used when diverticulosis results in symptoms and/or
complications. A persistent or recurrent disease course
without diverticulitis being visible on imaging is considered
uncomplicated diverticular disease. The term “acute diverti-
culitis” should be used in the case of inflammation of false
diverticula and neighboring structures. “Complicated diver-
ticulitis” is present when complications such as perforation,
fistulas, or abscesses have occurred. “Chronic diverticulitis”
is defined by recurrent or persistent inflammatory episodes
that can result in further complications such as stenoses or
fistulas over the course of the disease.

Epidemiology and lifestyle
!

With respect to age and gender distribution and genetic
predisposition, there is a clear connection between the
prevalence of diverticula or diverticular disease and ad-
vanced age. In addition to environmental factors, genetic
predispositions play an important role in the development
of the disease. The prevalence for diverticulosis is approxi-
mately 13% for the Western population under 50 years old,
approximately 30% for 50 to 70-year-olds, and approxi-
mately 50% for the group between 70 and 85 years old. Up
to 66% of people over the age of 85 have diverticulosis [10,
11]. Diverticular disease is also age-dependent. According
to the latest studies, primarily the number of younger pa-
tients with diverticular disease is currently on the rise. The
incidence increased most significantly between 1998 and
2005 primarily in the group of 18 to 44-year-olds from
151/1 million to 251/1 million followed by the group of 45
to 64-year-olds (659/1 million to 777/1 million) with stable
or decreased frequency among patients of an advanced age
[12]. There is no clear data regarding the gender distribu-
tion of patients with diverticulosis [10]. In the case of a ge-
netic influence on the development of diverticular disease,
the proportion of genetic factors is estimated at 40% com-
pared to 60% based on environmental factors [13].
With respect to the influence of eating habits or lack of die-
tary fiber, older studies from the 1960 s examined a geo-
graphic and thus diet-based difference between diverticulo-
sis and diverticular disease [14]. It was thus postulated that
the traditional high-fiber diet in Africa and Asia results in a
lower probability of diverticulosis and diverticular disease,
while Afro-American and Japanese immigrants have an in-
creased prevalence of diverticulosis after adaptation toWes-
tern dietary habits. Overall, providing proper scientific proof
of a connection between a fiber-rich diet and diverticulosis
is extremely difficult. Two case control studies [15, 16] and
two cross-sectional studies did not find a relevant effect of
fiber consumption on the occurrence of diverticulosis [17,
18]. The decades-long hypothesis that increased consump-
tion of nuts and grains resulted in an increased rate of com-
plications in diverticular disease due to the nuts becoming
trapped in the necks of the diverticula also could not be con-

firmed. In contrast, it was able to be shown that increased
consumption of nuts and grains tended to reduce the occur-
rence of diverticular disease [19]. The consumption of red
meat also could not be convincingly proven as an influen-
cing factor for the occurrence of diverticulosis [17]. The reg-
ular consumption of alcohol, in particular high-proof alco-
hol, probably correlates with an increased occurrence of
diverticular disease and complications. However, a relevant
correlation with coffee consumption and smoking could not
be proven on the basis of currently available inhomogeneous
studies. Also in the case of obesity, the current data regard-
ing increased incidence of diverticulosis is inhomogeneous
and questionable. Therefore, no relevant connection be-
tween BMI and diverticulosis could be shown in a prospec-
tive cohort study and a cross-sectional study [18, 20].
In the literature the mortality rate of acute cases of diverti-
culitis treated on an inpatient basis is between 0% and 13%,
while it is significantly higher at 8–24% in cases of compli-
cated diverticulitis and in patients under immunosuppre-
sive therapy [21]. In principle, the mortality rate is higher
in the first year after a complicated case of diverticulitis
with a 2.5-fold increase after fistula formation and even a
4.5-fold increase after perforation being described. A mor-
tality rate of 2.25% in the case of diverticular bleeding is
specified in retrospective series [22]. Even though diverti-
culosis and colorectal tumors have many commonalities
with respect to their epidemiology primarily regarding life-
style and age, there is no increased prevalence of colorectal
carcinomas in patients with diverticulosis.
In summary, a lower intake of fiber probably increases the
risk of diverticular disease but the studies are not clear
with respect to the occurrence of diverticula. Even in the
case of obesity, only an increased risk of diverticular disease
can be assumed but increased physical activity tends to
lower the risk of diverticular disease.

Diagnosis
!

For further treatment and diagnosis, exact imaging with
differential diagnosis in nonspecific abdominal symptoms
of the disease is necessary. In addition to palpation, percus-
sion, and auscultation of the abdomen, a rectal examina-
tion, a temperature measurement, and determination of
the inflammatory parameters in the blood and a urinalysis
must be performed. Typical symptoms of diverticular dis-
ease are pain in the left lower abdomen associated with in-
creased inflammation values. CRP is the best established
and validated lab value in acute diagnosis and for follow-
up. CRP values tend to correlate with complicated disease
courses. A CRP value of greater than 5mg/100ml is typical
for diverticulitis, while CRP values of greater than 20mg/
100ml with a positive predictive value of 69% indicate per-
foration. There is a negative predictive value (NPV) for per-
foration of 79% in CRP values of less than 5m/100ml [23].

Imaging
!

The new guidelines require cross-sectional imaging to veri-
fy diagnosis of diverticulitis. This recommendation is based
on the fact that a lack of imaging results in an increased di-
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agnostic error rate. Therefore, clinical diagnosis without
imaging reaches sensitivities of only between 64% and 71%
[24, 25].
"Qualified abdominal ultrasound” should be used as the
primary cross-sectional imaging procedure for the initial
and follow-up diagnostic workup of acute diverticulitis. An
acoustic frequency ≥3.5MHz using recommended high-re-
solution ultrasound frequencies > 5MHz while applying
controlled compression at the site of maximum pain is re-
commended for ultrasound. When performed by experi-
enced examiners in a targeted manner, ultrasound reaches
a sensitivity and specificity of 98% [26]. Comparative stud-
ies between ultrasound and CT are available as older pro-
spective studies that show an accuracy of 84% and a sensi-
tivity of 85% for ultrasound and 91% for CT [27]. The
literature shows that ultrasound is ideally suited for un-
complicated acute diverticulitis in particular. It must be no-
ted that pathologies with a difficult anatomical location,
such as distant mesenteric abscesses or deep-seated cases
of diverticulitis of the distal sigmoid colon, often cannot be
properly visualizedwith ultrasound [28]. In the case of such
locations, CT should be given preference over ultrasound
alone particularly in the evaluation of the local situation in
the case of an indication for emergency surgery.
Metaanalyses show that ultrasound and CT have compar-
able values in the evaluation of diverticular disease [29,
30]. However, it is interesting here that the good results for
ultrasound in the metaanalyses were primarily due to the
fact that the sonographic studies had a higher study quality
compared to CT and MRI studies [31].
Based on the data from the literature and the consensus, the
guidelines therefore require ultrasound and/or computed
tomography to be used as the diagnostic method in the
case of suspicion of diverticulitis. A colonic contrast enema
should no longer be performed since this examination does
not provide further information and involves high radiation
exposure.
Inflamed diverticula can be directly detected on both CT
and ultrasound on the basis of bowel wall thickening of
more than 3mm with increased contrast enhancement on
CT, MRI, and CEUS as a direct sign. Perifocal mesenteric in-
jection and free abdominal fluid as a nonspecific result of
inflammation are indirect signs seen with cross-sectional
imaging. Covered or free perforations must be detected by
direct detection of air inclusions outside the intestinal lu-
men.

Computed tomography
!

Excellent sensitivities and specificities of CT for diagnosis in
the case of suspicion of acute diverticulitis have already
been proven in older studies with single-row device config-
urations. For this reason there are no comparative studies
with the new multi-row devices which certainly further
improve diagnostic accuracy but do not provide a relevant
clinical benefit given a sensitivity of already almost 100%.
There are not enough high-quality comparative studies re-
garding the necessity of intravenous contrast enhancement,
the use of rectal contrast enhancement, and the selection of
an oral contrast agent. The requirement described here for
CT in diverticular disease therefore represents a description

of the current actual status based on the current literature
and our own experience. There is a need for radiologists to
further optimize radiological protocols for CT examination.
In most cases, contrast-enhanced examinationwith typical-
ly positive oral and rectal contrast enhancement is per-
formed in German-speaking countries. If necessary, positive
contrast enhancement is to be given preference since it al-
lows possible abscesses to be better differentiated from the
intestinal lumen or contrast agent escape can be directly
detected. Examination is typically performed in the portal
venous contrast phase at a tube voltage of between 100
and 120 kVp and a tube current of approximately 120mAs.
As alreadymentioned, this description of the “actual” status
must be critically examined in the future. Therefore, the use
of a low-dose technique is possible as already shown in
studies with a reduction of up to 30mAs with similar re-
sults to those of conventional CT at a dose of only 3mSv
[32]. Recently introduced techniques such as iterative re-
constructions and innovative tube and detector techniques
allow a further reduction of radiation exposure. It must be
determined whether the customarily used oral and rectal
contrast enhancement is really necessary in every case. It
was able to be shown in individual studies that diverticular
disease detection rates that are similar to those obtained
with contrast enhancement can be achieved even without
rectal and oral contrast enhancement [32]. Large systematic
radiological studies are also urgently needed here.
The guidelines are still relatively conservative regarding the
use of MRI for diagnosis based on the current literature. To
date, this method has only been evaluated in small and se-
lected patient collectives, primarily in Germany [33–35].
Due to a lack of data and availability, MRI is not recommen-
ded for routine diagnosis of diverticulitis. Radiologists ur-
gently need to clinically evaluate the status of MRI for the
diagnosis of diverticular disease using the current equip-
ment generation. Developments ranging from newly intro-
duced high-resolution T2-weighted 3D sequences to the
quick implementation of diffusion-weighted sequences to
evaluate inflammation without contrast agent have signifi-
cant unrealized potential that must be further developed.
The main criticism of MRI, i. e. that small quantities of free
air may not be able to be detected, must be critically exam-
ined with respect to clinical classification and treatment
since small quantities of free air in covered perforations do
not require immediate surgical intervention. Therefore, MRI
of the pelvis is a very interesting modality for use as an al-
ternative radiation-free method in the medium term.

Endoscopic diagnosis and therapy
!

The conventional wisdom that colonoscopy should never be
performed in the case of acute diverticulitis was challenged
based on new evidence and studies. In principle, it is stated
that endoscopic methods should not be performed. How-
ever, it has now been postulated that in the case of select in-
dications, such as an uncharacteristic clinical image or dis-
ease course, colonoscopy can be performed with an at most
slightly increased risk of perforation in acute diverticulitis
if a covered perforation or abscess has been ruled out on
computed tomography. This statement is based among
other things on a study in 54 patients with diverticulitis in
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whom colonoscopy resulted in a perforation in 1.9 % of
cases. However, in the subgroup of 39 of 54 patients in
whom a covered perforation or abscess had been ruled out
by CT, not a single perforationwas observed [36]. In the spe-
cified study, colonoscopy allowed real-time diagnosis of
two CT-negative adenocarcinomas among other things.
The diagnosis or differentiation of a carcinoma of the sig-
moid colon or sigmoid diverticulitis is not reliably possible
even using the latest cross-sectional imaging methods [37,
38]. Therefore, the indication for colonoscopy after conser-
vative treatment of diverticulitis remains liberal and has
not been changed by the guidelines, and colonoscopy to
rule out other relevant pathologies is required prior to elec-
tive resection of the sigmoid colon (●" Fig. 1).
Regarding imaging, reference is made again to the modified
diagnostic algorithm from the guidelines in the case of suspi-
cion of sigmoid diverticulitis with consideration of the pa-
tient history, the clinical findings, and the basic lab work
(●" Fig. 1). In the case of a clinically acute abdomen, ultra-
sound is followed by further radiological evaluation, routine-
ly performed by CT, which usually provides risk stratification
for decisions regarding further surgical and conservative
therapeutic measures. The potential of CT for differential di-
agnosis should be given particular emphasis here. In the case
of the clinical absence of an acute abdomen, the decision is
primarily based on the lab parameter CRP. In the case of a
normal CRP value, diverticulitis is ruled out solely by ultra-
sound examination. Colonscopy is subsequently performed
in the interval. In the case of a significantly elevated CRP
value, the probability of a perforation and abscesses is very
high so that contrast-enhanced abdominal CT should be per-
formed in the case of unclear ultrasound findings to deter-
mine the further therapeutic course and to rule out penetra-
tion and abscesses.

Classification
!

To date, two classifications for diverticular disease have
been mainly used in the literature. The Hinchey classifica-
tion that is primarily known and prevalent in Anglo-Amer-
ican countries stratifies surgical procedures on the basis of
varying degrees of macroscopically perforated diverticulitis
with abscesses and free perforation [3]. This classification
does not sufficiently address chronic changes. The focus of
this classification is also not on the categorization of the dis-
ease without further surgical implications. The classifica-
tion of Hansen and Stock primarily includes the different
forms of diverticulitis with important categories for outpa-
tient treatment [4]. Microperforations and macroperfora-
tions and abscesses of varying degrees and location are not
taken into further consideration in the classification. After
in-depth discussion by the guideline participants and an
additional online discussion with renewed Delphi consen-
sus after conclusion of the guidelines conference, an inter-
disciplinary attempt was made to create a new classifica-
tion of diverticular diseases (CDD) (●" Table 3).
The new classification has the following primary categories:
Type 0 does not have pathological significance and repre-
sents an incidental finding. Type 1 represents uncomplica-
ted diverticular disease or diverticulitis without perfora-
tion. In the case of type 1 diverticular disease is present
but at most a phlegmonous reaction of the surrounding tis-
suewith indirect signs on imaging can be detected (●" Fig. 2).
Type 2 represents complicated diverticulitis and is subdivi-
ded into type 2a –microabscess (< 1 cm) (●" Fig. 3), type 2b –

macroabscess (> 1 cm with paracolic and mesocolic absces-
ses) (●" Fig. 4), and Type 2c – free perforation (●" Fig. 5). The
chronic forms are differentiated in type 3 to provide ther-
apy-relevant categorization. Type 4 refers to diverticular
bleeding, especially because diverticular bleeding is not
necessarily a result of diverticulitis but rather can develop
on the basis of diverticulosis.

Fig. 1 Modified diagnostic algorithm in the case of
clinical suspicion of sigmoid diverticulitis from the
S2k guidelines regarding diverticular disease/diver-
ticulitis. In the case of a lack of the clinical picture of
an “acute abdomen”, the CRP value should be used
as the gatekeeper for further diagnosis and treat-
ment. High-resolution B-mode ultrasound is typi-
cally performed as the basic examination. In the
case of unclear findings or clinically urgent suspi-
cion of complicated diverticular disease, abdominal
CT should be performed as quickly as possible for
differential diagnosis.
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As in the previous classification systems, there is no evi-
dence in clinical studies regarding treatment and outcome
evaluation for this newly created classification that is inten-
ded to avoid the problems of the two largest classification
systems currently in use. A first evaluation of this classifica-
tion is currently being performed by several participating
clinics of the guidelines conference. Its use in practice must
still be proven. However, this classification is clearer than
the Hansen-Stock or Hinchey classification with respect to
radiological diagnosis. Particularly the differentiation of
type 1 and type 2 between uncomplicated and complicated
diverticular disease can be performed reliably in most cases
with radiology. Covered perforations and smaller abscesses
< 1 cm are equivalent in type 2a. Treatment-relevant cate-
gorizations can certainly be made in the future by radiolo-
gists based on this classification. Radiological studies are
urgently needed here.

Treatment
!

Regarding further treatment, cases must be categorized as
complicated or uncomplicated diverticular disease, as in
the new classification. In acute uncomplicated diverticulitis
without risk indicators, antibiotic therapy is not necessary
according to the new guidelines. Acute uncomplicated diver-
ticulitis (CDD type 1) should be primarily treated conserva-
tively. Successfully treated acute uncomplicated diverticulitis
is not an indication for surgery in the further disease course.
Patients with complicated diverticulitis, i. e., CDD type 2 pa-
tients, should be treated on an inpatient basis according to
the guidelines. Parenteral substitution should only be per-
formed in the case of a lack of oral intake. Antibiotic therapy
should be performed in all complicated cases of diverticuli-
tis. Antibiotic therapy should include the expected polymi-

Table 3 Based on the classifica-
tions of Hinchey[3] and Hansen
and Stock[4], the new CDD (clas-
sification of diverticular disease)
was created with a differentiation
between uncomplicated (type 1),
complicated (type 2), and chronic
(type 3) diverticular disease.
Among cases of complicated di-
verticular disease, a further differ-
entiation is made depending on
the therapeutic approach be-
tween microabscess, macroabs-
cess, and free perforation.

classification of diverticular disease – CDD

type 0 asymptomatic diverticulosis

incidental finding; asymptomatic
→ no disease

type 1 acute uncomplicated diverticular disease/diverticulitis

type 1a diverticulitis/diverticular disease without reaction
of surrounding tissue

symptoms related to diverticula
signs of inflammation (lab)
optional: Typical cross-sectional imaging

type 1b diverticulitis with phlegmonous reaction of sur-
rounding tissue

signs of inflammation (lab)
obligatory: Cross-sectional imaging → Phleg-
monous diverticulitis

type 2 acute complicated diverticulitis as in 1b, additionally:

type 2a microabscess covered Perforation, small abscess
(≤ 1 cm); minimum paracolic air

type 2b macroabscess paracolic or mesocolic abscess (> 1 cm)

type 2c free perforation free perforation, free air/fluid
generalized peritonitis

type 2c1 purulent peritonitis

type 2c2 fecal peritonitis

type 3 chronic diverticular disease
recurrent or chronic symptomatic diverticular disease

type 3a symptomatic uncomplicated diverticular disease
(SUDD)

typical symptoms
signs of inflammation (lab): optional

type 3b recurrent diverticulitis without complications signs of inflammation (lab) present
cross-sectional imaging: typical

type 3c recurrent diverticulitis with complications detection of stenoses, fistulas, conglomerate

type 4 diverticular bleeding detection of the source of the bleeding

Fig. 2 Axial a and coronal b CT of the abdomen
and pelvis with intravenous, oral and rectal contrast
enhancement in a 74-year-old patient with lower
abdominal pain: Diverticular disease type 1b ac-
cording to CDD with wall thickening (arrows) and
increased contrast enhancement in the sigmoid co-
lon with phlegmonous reaction of the surrounding
tissue.
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crobial spectrum of pathogens (e. g. ampicillin, sulbactam,
moxifloxacin, etc.).
Surgery with delayed urgency is to be performed only in the
case of a lack of response to conservative treatment of com-
plicated diverticulitis (type 2a/b). A lack of response to ade-
quate treatment is considered a lack of response to intrave-
nous double antibiotic therapy (e. g. cibrofloxacin und
metronidazole) with interventional abscess drainage and
increasing signs of sepsis. In the case of a successfully treat-
ed case of complicated diverticulitis (macroperforation, ab-
scess type 2b), surgery in an inflammation-free interval is

recommended. In the case of the presence of retroperito-
neal or paracolic abscesses, drains can be placed by a radiol-
ogist. In the case of smaller abscesses that cannot be reliably
punctured, daily inflammation monitoring and conserva-
tive therapy should be performed. According to the litera-
ture, abscesses can be detected on computed tomography
in approximately 15% of patients with acute diverticulitis
[39, 40]. In the case of larger abscesses > 4 cm, abscess
drainage in combination with antibiotic therapy should be
performed to prevent the need for emergency surgery.
Smaller abscesses less than 3–4 cm can be cured in almost
all cases by antibiotics alone [40]. There is a case control
study in which the results for patients treated solely with
antibiotic treatment in the case of abscesses that cannot be
punctured were not inferior to the results of combined
treatment via CT-guided drainage system plus antibiotics
in the further clinical course [41]. There are no prospective
randomized case collections here. However, guideline re-
commendations should be followed and larger abscesses
> 4 cm should be treated with antibiotic therapy and be
drained by a radiologist (●" Fig. 4) while smaller abscesses
< 4 cm can often be sufficiently treated by antibiotic therapy
alone. According to the guidelines, patients with diverticuli-
tis-related abscesses that cannot be drained by intervention
or that do not respond to conservative therapy within 3
days should be surgically drained. In the case of proof of
free perforation and peritonitis, emergency surgery is re-
commended immediately after diagnosis.
In the case of chronic recurrent uncomplicated diverticulitis
(CDD type 3b), surgery should be performed in an inflam-
mation-free interval following individual case evaluation.
There is no indication to justify elective operations based
on the number of preceding episodes. The often still preva-

Fig. 4 Axial CT of the pelvis (patient in prone posi-
tion) in a 64-year-old patient with perforated sig-
moid diverticulitis with macroabscess (*): Diverticu-
lar disease type 2b according to CDD a. A 10F drain
(arrow) was placed in the abscess for drainage b.

Fig. 5 Axial a, b and coronal c CT of the abdomen and pelvis with intravenous, oral and rectal contrast enhancement in an 84-year-old patient: Diverticular
disease type 1c according to CDD with perforated sigmoid diverticulitis with free abdominal air (*).

Fig. 3 Axial CT of the pelvis with intravenous contrast enhancement in a
58-year-old patient: Diverticular disease type 2a according to CDD with
covered perforation and small intramural abscess (*) in the thickened in-
flammatory sigmoid colon.
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lent conventional wisdom that resection should be per-
formed after a second episode is based on over 40 years of
old data from a medical era without modern antibiotics [8].
With regard to the surgical procedure, the German guide-
lines contain the new information that laparoscopic or la-
paroscopically assisted operations are to be given prefer-
ence over open resection if there is no contraindication.
Sigmoid resection with primary continuity restoration or
anastomosis with upstream ileostomy should be performed
as a standard intervention.

Handling complications
!

Painless lower gastrointestinal bleeding can be largely at-
tributed to diverticular bleeding (35%) and bleeding due to
angiodysplasia (21%) [42]. It must be noted that diverticular
bleeding is not to be interpreted as a complication of acute
inflammatory intestinal wall changes. Instead diverticulosis
with consecutive shear forces of the diverticula at the entry
point of the vasa recta is considered to be etiological. In
principle, this type of bleeding should be endoscopically di-
agnosed and treated. Alternatively, in the case of bleeding
that cannot be identified and treated endoscopically, the
guidelines specify CT angiography for diagnosis and con-
ventional DSA for determining the location of the diverticu-
lar bleeding. Angiography with embolization in the case of
identification of the site of bleeding can be performed in in-
dividual cases. In all other cases with sustained bleeding or
in the case of clinically relevant recurrent bleeding after en-
doscopic or angiographic initial hemostasis, surgery should
be performed immediately.
Diverticular bleeding is often self-limiting (70–90%) [22].
Patients with self-limiting diverticular bleeding or bleeding
that was successfully treated interventionally should not
undergo surgery.

Summary and discussion
!

The new S2k guidelines regarding diverticular diseases ad-
dress the broad range of diverticular diseases for the first
time in a systematic and interdisciplinary manner. Many
previously established statements that have never been
proven in modern medicine were able to be dismissed in
these guidelines. For example, there is currently no indica-
tion for surgical resection after a second episode, laparo-
scopic resection methods should be given preference, and
patients should only be admitted in the case of complicated
diverticular disease. The ambitious attempt to create a new
classification in new guidelines based on the two most es-
tablished systems is an important condition and require-
ment for the clinical use of these guidelines. The clear cate-
gorization as complicated and uncomplicated diverticular
diseases with corresponding therapeutic implications re-
garding inpatient treatment, antibiotic administration, or
surgery provides clearer recommendations. For radiolo-
gists, the diagnostic practice in Germany of B-mode ultra-
sound being the primary diagnostic method performed by
trained and certified physicians and not bymedical support
staff as is typically the case in Anglo-American countries
has been validated. However, the high quality that is often

provided in the daily routine is not always to be performed
in emergency care. In the case of suspicion of a complicated
course or unclear findings, contrast-enhanced computed
tomography should be performed as quickly as possible as
the next step.Only in the case of CRP values that are not
elevated can contrast-enhanced CT initially be dispensed
with since the presence of complicated diverticulosis is not
likely. However, especially since many clinical symptoms of
diverticular disease are very nonspecific, computed tomo-
graphy as a powerful radiological tool will continue to be
important for further differential diagnostic workup in the
case of upper and lower abdominal pain. In the near future
radiologists should optimize CT protocols for example with
low-dose techniques and examine MRI with respect to its
significance in the diagnosis of diverticular disease accord-
ing to the new CDD classification. In the case of larger ab-
scesses and diverticular bleeding, competent radiological-
interventional care must be ensured.
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