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14.1 Acute Diverticulitis

The evaluation of patients with acute diverticulitis includes medical history, physi-
cal examination, and laboratory testing, but cross-sectional imaging often plays a
pivotal role in verifying the diagnosis. In fact, clinical suspicion of acute diverticu-
litis alone is correct in only 40-65% [1, 2], especially in patients with no previous
diagnosis of diverticulosis. Different radiological tests can be applied for the diag-
nosis of acute diverticulitis, including ultrasound, computed tomography (CT), and
magnetic resonance (MR) imaging. CT colonography (CTC) and double-contrast
barium enema (DCBE) are contraindicated in the setting of suspected acute
diverticulitis.

Conventional CT has a high sensitivity and specificity in the diagnosis of acute
diverticulitis [2] and is generally considered by most to be the preferred front-line
radiological test for evaluating patients with suspected acute diverticulitis.
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The strengths of CT examination include its reproducibility, operator indepen-
dence, wide availability, and high accuracy for diagnosing acute disease [2, 3]. CT
allows for a comprehensive evaluation, including the grading of severity and detec-
tion of complications that affect therapeutic management.

Two meta-analyses [2, 3] have reported that ultrasound may have comparable
accuracy in the evaluation of acute diverticulitis, although these data may be some-
what biased, and certain European scientific societies guidelines [1, 4-6] propose
ultrasound as the first-line examination. This test is safe, low-cost, widely available,
and easily accessible within the emergency department. Another advantage of ultra-
sound is the ability to correlate imaging findings with the region of greatest tender-
ness in real time. The relative disadvantages of ultrasound include operator
dependence, difficulties in evaluation of the distal sigmoid colon, especially in
obese patients, and a lower accuracy for abscess identification. Moreover, a severity
classification cannot be assessed by ultrasound [7].

Currently, MR imaging does not play an important role in the workup of patients
with suspected acute diverticulitis, but it can be considered in selected cases, such
as pregnant women. Although there are some advantages compared with other
radiological tests (e.g., lack of ionizing radiation exposure and high intrinsic con-
trast resolution), MR availability in the emergency department is currently limited
in most hospital settings. Moreover, to date, there is relatively little evidence regard-
ing the accuracy of MR for acute diverticulitis, limited to small select patient
cohorts [8, 9].

Both CTC and DCBE are contraindicated in patients with acute diverticulitis,
adding no additional useful information to conventional CT evaluation for acute
management. Since both examinations include active colonic distention with either
room air or carbon dioxide, there is at least a theoretical concern for extension of the
typical microperforation associated with acute diverticulitis to more frank perfora-
tion and peritonitis. DCBE in particular is an obsolete test and should be abandoned,
regardless of the clinical scenario. This test has a lower accuracy than CTC and
optical colonoscopy for colorectal evaluation [10], is associated with higher ioniz-
ing radiation exposure [11], and is less acceptable for patients [12]. On occasion,
findings of unsuspected mild acute or subacute diverticulitis may be encountered at
CTC in patients with only minimal or no apparent symptoms.

14.1.1 CT Protocol

There has been some controversy over the appropriate CT protocol regarding the
use of oral, rectal, and intravenous contrast agents. In general, the use of intravenous
contrast should be encouraged in cases of suspected complicated disease to confirm
the severity of the event and better diagnose complications such as abscesses and
fistulas.

In cases of massive diverticular bleeding, it may not be possible to identify the
source by colonoscopy, and angiographic or surgical therapy may be necessary
[13-15].
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Given the delay associated with bowel preparation and the difficulty of endo-
scopic visualization in the setting of large-volume hemorrhage, CT angiography has
seen an increasing role in the initial workup of acute lower GI bleeding [16—18]. CT
provides more information regarding localization and potential structural causes for
the bleeding.

Vice versa, some authors [19, 20] suggested that the unenhanced CT examina-
tion alone is an accurate and valuable tool for triaging patients older than 75 years,
presenting to the emergency department with nontraumatic acute abdominal pain.

In our experience, neither an oral nor a rectal contrast is truly necessary, whereas
visceral obesity and, in particular, a high amount of pericolic fat is beneficial in
visualizing the typical findings (i.e., perifocal stranding; inflamed diverticula;
abscesses) of this acute event.

14.1.2 Typical CT Findings and Severity Classifications

The diagnosis of acute diverticulitis can be directly made on the basis of localized
bowel wall thickening that is centered on an inflamed diverticulum, with surround-
ing peridiverticular inflammation of pericolonic fat (Fig. 14.1). As diverticulitis is
primarily an extraluminal disease, cross-sectional imaging holds a distinct advan-
tage over luminal studies. Covered or free perforations can be rapidly and reliably
diagnosed by the direct detection of air inclusions outside the intestinal lumen
(Fig. 14.2), often associated with mesenteric fasciae thickening and free fluid. In
case of severe disease, contrast-enhanced CT is an accurate test for diagnosing both
parietal and peridiverticular abscesses (Fig. 14.3). When abscesses are present, CT
is also useful for guiding abscess drainage, particularly in cases in which collections
are small and located in regions difficult to assess [21].

Fig. 14.1 Uncomplicated acute sigmoid diverticulitis in a 51-year-old woman with LLQ pain. (a)
Unenhanced CT image showing inflamed sigmoid diverticula (arrow head) with extraluminal
inflammatory changes surrounding the diverticula with thickening of the mesenteric fascia
(arrows). (b) Contrast-enhanced CT image confirms uncomplicated acute sigmoid diverticulitis
with an inflamed sigmoid diverticulum (arrow head), pericolonic fat stranding, and thickening of
the mesenteric fascia (arrow); no abscess was present
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Fig. 14.2 Complicated acute sigmoid diverticulitis in a 50-year-old man with LLQ pain. (a)
Contrast-enhanced axial CT image showing air inclusions outside the sigmoid colon lumen (arrow
head) in a patient with sigmoid colon acute diverticulitis with evidence of extraluminal inflamma-
tory changes surrounding the sigmoid diverticula. (b) Contrast-enhanced coronal CT image con-
firms complicated acute sigmoid diverticulitis with an inflamed sigmoid diverticulum (arrow),
pericolonic fat stranding, and thickening of the mesenteric fascia (arrows); free perforations can be
diagnosed by the direct detection of air inclusions outside the sigmoid colon and in the upper left
quadrant (arrow heads)

[

Fig. 14.3 Complicated acute sigmoid diverticulitis in a 56-year-old man diagnosed by contrast-
enhanced CT examination. (a) Unenhanced axial CT image showing sigmoid diverticula with fat
stranding and thickening of the mesenteric fascia. (b) Contrast-enhanced axial CT image showing
intraparietal abscess (arrow head), not clearly visualizable at an unenhanced scan

CT evaluation is valuable for its appraisal of disease severity, which impacts
therapeutic management.

There are many classifications of disease severity based on CT [6, 22-25] and
none has been demonstrated to be clearly superior to the other. Among these, the
modified version of the Hinchey classification has been used in several clinical trials
and it is the most used in clinical practice.
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This classification and that recently proposed by the WSES acute diverticulitis
working group [25] strive to divide patients into two main categories, namely,
uncomplicated and complicated acute diverticulitis.

In uncomplicated cases, the CT findings are generally limited to the phlegmon-
ous reaction of the pericolonic fat tissue (Fig. 14.4a), whereas complicated features
include peridiverticular abscess (Fig. 14.4b), significant pneumoperitoneum
(Fig. 14.5), and diffuse peritonitis. Moreover, the CT grading of acute diverticulitis
has prognostic significance in terms of disease recurrence after an initial episode of
acute disease [26].

[~

Fig.14.4 Examples of uncomplicated and complicated acute diverticulitis. (a) Contrast-enhanced
axial CT image in a 60-year-old man showing mild acute diverticulitis with an inflamed sigmoid
diverticulum with fat stranding (arrow heads). (b) Contrast-enhanced axial CT image in a 48-year-
old man showing complicated acute diverticulitis with a large peridiverticular abscess (arrows)
adjacent to the sigmoid diverticula

Fig. 14.5 Complicated acute sigmoid diverticulitis in a 73-year-old man with a large abscess and
pneumoperitoneum due to perforation of an inflamed sigmoid diverticulum. Laparoscopic surgery
confirmed sigmoid perforation in the presence of acute diverticulitis and purulent peritonitis-
treated Hartmann sigmoid colon surgical resection. (a) Contrast-enhanced axial CT image show-
ing significant pneumoperitoneum (arrows). (b) Contrast-enhanced axial CT image showing free
air (arrow) adjacent to the inflamed sigmoid diverticula
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Fig. 14.6 Descending colon nonspecific acute colitis mimicking acute diverticulitis in a 77-year-
old man with COVID-19 infection. (a) Unenhanced axial CT image showing circumferential
descending colon wall thickening (arrows) with fat stranding and thickening of the left anterior
renal fascia. (b) Unenhanced axial CT image showing circumferential distal descending colon wall
thickening (arrows) with fat stranding and thickening of the left anterior renal fascia. No divertic-
ula are present

14.1.3 Differential Diagnosis

In addition to being highly accurate for acute diverticulitis itself, CT is also the most
accurate test for diagnosing alternative conditions [27, 28] (Fig. 14.6). Several stud-
ies have described characteristic CT features differentiating diverticular disease
from CRC [29, 30], but, in some cases, findings overlap and the differential diagno-
sis remains challenging. In our opinion, this difficulty can explain data obtained
from two large trials [31, 32], describing a higher 1-year CRC risk for patients
recovering from an acute episode of diverticulitis.

14.2 Chronic Diverticular Disease

In contrast to acute diverticulitis, the role of imaging in the follow-up of acute diver-
ticulitis is in evolution and still subject to debate.

In this setting, the evidence is in favor of computed tomography colonography
(CTC) as a preferred radiological test, suggesting a complementary role of CTC and
colonoscopy [33, 34].

Regardless of the specific scenario, radiologists are first requested to confirm the
diagnosis of diverticular disease, ruling out other diseases and in particular a super-
imposed CRC.

CTC is able to depict the test number and site of diverticula [35], morphology of
the diverticula necks (Fig. 14.7), less common disease-related findings such as focal
or diffuse wall thickening (Fig. 14.8), and sigmoid colon stenosis (Fig. 14.9) [36—
38], better than others. Moreover, CTC is highly accurate for diagnosing
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Fig. 14.7 Diagnosis of diverticulosis by CT colonography. (a, b) CTC axial images showing
multiple sigmoid diverticula with small- and medium-sized necks

Fig. 14.8 Examples of wall thickening associated with sigmoid colon diverticula. (a) Axial CTC
image showing mild sigmoid colon wall thickening (arrow heads) in the presence of sigmoid diver-
ticula. These are typical findings of chronic diverticular disease. (b) Axial CTC image showing
eccentric focal sigmoid colon wall thickening (arrow) in the presence of sigmoid diverticula. The
benign nature of this finding has been confirmed at conventional colonoscopy

complications (abscesses and fistulas), which represent a validated indication for
elective surgery; fistulas in particular could be overlooked by conventional abdomi-
nal CT performed at the time of an acute event (Fig. 14.10).

The advantage of CTC over colonoscopy in evaluating patients with diverticular
disease relies on its minor invasiveness; even if diverticular disease is the first lead-
ing reason for a non-well-distended colonic tract at CTC [39], this test is always
complete, different from colonoscopy. A high-quality CTC examination can be per-
formed even in case of severe stenosis [34, 38], allowing adequate accuracy in diag-
nosing proximal colonic polyps and CRCs [40, 41].
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Fig. 14.9 A 49-year-old man with marked sigmoid colon wall thickening and lumen stenosis after
recovering from acute diverticulitis. (a) Double-contrast barium enema like-view CTC image
showing sigmoid colon with severe lumen stenosis and sigmoid diverticula. (b) Axial 2D supine
CTC image showing marked sigmoid colon wall thickening with severe lumen stenosis, in the
presence of sigmoid diverticula

Fig. 14.10 A 49-year-old man with a double enteroenteric fistula in chronic diverticular inflam-
mation. (a) Axial CTC image showing sigmoid colon wall thickening of both the distal ileum and
the sigmoid colon with adjacent fat stranding. (b, ¢) Coronal CTC images demonstrating the two
sigmoid colon—ileum fistulae (arrow) and sigmoid colon wall thickening. The patient underwent
CTC elective surgery with confirmation of two sigmoid colon—ileum fistulae in chronic diverticu-
lar disease

This fact has a tremendous clinical impact if we consider the risk of advanced
adenoma related to patients recovering from acute diverticulitis [42]. In particular,
patients with severe stenosis caused by diverticular disease and responsive to an
incomplete colonoscopy could have a significant delay in the diagnosis of proximal
colon lesions (Fig. 14.11).

Even if the literature concerning the use of CTC in the follow-up of patients
recovering from an episode of acute diverticulitis is not yet robust enough, no com-
plications have been reported and in particular no cases of perforation have ever
been described [34, 43].
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Fig. 14.11 Positive CTC examination in a 57-year-old-man recovering from acute diverticulitis,
with incomplete colonoscopy. (a, b) 2D axial CTC image (A) and 3D colon map (B) showing
severe luminal narrowing associated with diverticula at the distal sigmoid colon, explaining the
incomplete colonoscopy. (¢) 3D endoluminal CTC view showing a nonpolypoid lesion in the trans-
verse colon. (d, e) Axial 2D (D) and 3D endoluminal (E) CTC views showing a 20 mm peduncu-
lated polyp in the ascending colon. (f) 3D endoluminal (H) CTC view showing a 7 mm sessile
polyp in the transverse colon. The patient underwent subtotal colectomy; the pathology confirmed
the presence of three right colon lesions revealing as tubular adenoma. In particular, the larger one
contained high-grade dysplasia

For patients recovering from an episode of acute diverticulitis, CTC should be
carried out at least 3 or 4 months after the acute event to reduce both the risk of
perforation and because of the likelihood of a residual acute inflammatory
component.

14.2.1 CTC Protocol

It may be advisable to slightly modify the standard CTC protocol in the setting of a
known complicated diverticular disease. For example, it can be useful to perform
the CTC examination with an I'V contrast in the presence of severe wall thickening
and luminal stenosis, when the differential diagnosis between diverticular disease
and CRC is more relevant. Another scenario generally requiring an IV contrast is
when there is potential concern for a diverticular complication such as abscesses or
fistulas. Evaluation with soft tissue windowing improves the assessment for these
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complications over the standard CTC polyp window. In patients with severe diver-
ticular disease, an additional third scan in the right lateral decubitus position (after
supine and prone) can be valuable for confirming the severity of both luminal steno-
sis and wall thickening, avoiding errors caused by colon spasms [43—-45]. To achieve
the best distention of the sigmoid colon, which is most commonly involved in diver-
ticular disease, the right lateral decubitus position is generally obtained for gravita-
tional reasons. Moreover, a lateral decubitus position is much more comfortable and
feasible for obese and otherwise debilitated patients [45].

To optimize distention of the entire colon, which is critical for a high-quality
examination, automated carbon dioxide insufflation is preferred [46]. In addition, a
spasmolytic agent may help optimize distention as well. Taylor et al. [47] demon-
strated significantly improved distention using hyoscine butylbromide as a hypo-
tonic drug in CTC, given that it is especially useful in patients with diverticulosis.
Carbon dioxide insufflation with an automatic device is preferable when evaluating
patients with diverticular disease because of the continuous low pressure and repro-
ducible distention. When using room air, the risk of perforation is increased due to
the high-pressure values that can be achieved. If the patient has only recently recov-
ered from acute diverticulitis, it may be reasonable to scan the entire abdomen and
pelvis before initiating insufflation. If the pre-insufflation scan shows signs suggest-
ing persistent acute diverticulitis, active colonic distention should be aborted
(Fig. 14.12).

Fig. 14.12 Unsuspected persistent complication from diverticulitis detected at CTC. (a) 2D axial
CT image taken before carbon dioxide insufflation in a patient with a recent episode of diverticu-
litis showing air bubbles (arrows) around the sigmoid colon related to perforation and ongoing
inflammation. Thus, the scheduled CTC was not performed and the patient was referred for thera-
peutic management. (b) 2D sagittal CTC image confirms the presence of air bubbles (arrows)
around the sigmoid colon due to recent covered perforation



14 Radiology 163

Fig. 14.13 CTC examination in a 66-year-old-woman with recurrent diverticulitis (DDSS 4). (a,
b) Axial 2D image (a) and sagittal 2D CTC image (b) showing marked sigmoid wall thickening
(arrows) and luminal narrowing associated with diverticula in the setting of sigmoid diverticular
disease, classified as DDSS 4. The patient underwent elective surgery, and the pathology revealed
diverticular disease with acute and chronic inflammation

14.2.2 Diverticular Disease Severity Score Based
on CT Colonography

Wall thickening and lumen stenosis are the two CTC features that need to be inves-
tigated to describe the severity of the disease in follow-up, and, recently, a diverticu-
lar disease severity score (DDSS) based on CTC findings has been proposed [43].
The score is based on the varying degrees of these two CTC findings, i.e., wall
thickening and lumen stenosis, and consists of four grades (DDSS 1-4). In the case
of DDSS grade 4 (Fig. 14.13), where marked wall thickening is associated with
severe luminal stenosis, surgical options should be considered. In practice, the
simultaneous presence of severe stenosis and the inability to exclude CRC are both
potential indications for surgery [48]. Moreover, this validated CTC-based DDSS
score is a good predictor of chronic inflammation and fibrosis [49] and seems to
have prognostic value in the follow-up of acute diverticulitis [50].

14.2.3 Differential Diagnosis Between Diverticular Disease
and Colorectal Cancer

In patients with diverticular disease, it can be challenging to recognize a superim-
posed colorectal cancer (CRC), but these two entities are both relatively common in
elderly patients and can therefore coexist. This differential diagnosis is particularly
tricky in cases of marked wall thickening and severe luminal stenosis from diver-
ticular disease. Some authors [36, 37] have described a number of CTC findings as
being useful in differentiating these two disease entities. Of these various findings,
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Fig. 14.14 Sigmoid diverticular disease versus cancer at CTC. (a) 2D axial CTC image in a
59-year-old-woman showing focal sigmoid wall thickening with severe luminal narrowing, shoul-
der formation (arrow), and diverticula adjacent to, but not within, the affected segment. The patient
underwent a same-day colonoscopy with biopsies, and CRC diagnosis was confirmed. The pathol-
ogy after surgery revealed adenocarcinoma (pT3N2b). (b) 2D axial CTC image showing circum-
ferential segmental wall thickening and luminal narrowing of the sigmoid colon associated with
multiple diverticula (arrow). The presence of diverticula is a key factor for excluding cancer. This
was a diverticular stricture

the absence of diverticula in the affected segment and the presence of a shoulder
phenomenon are the two most important findings for CRC (Fig. 14.14). Other CTC
signs in favor of cancer include shorter length with straightening of the involved
segment, the absence of mesenteric fascia thickening, the presence of distorted
folds, and the presence of prominent local lymph nodes.

Lips et al. [37] described a prevalence of about 4-5% of their population where
findings of advanced diverticular disease versus CRC are present. We believe that
this prevalence could be substantially higher in some settings, including those
patients recovering from a prior episode of acute diverticulitis with CTC. The
above-mentioned criteria are useful for ruling out CRC, but sometimes the CTC
findings will overlap. In these selected cases, referral to optical colonoscopy or flex-
ible sigmoidoscopy may be necessary to allow for direct mucosal evaluation and
biopsy. In other cases, the surgical option may be indicated regardless of the under-
lying cause.

14.2.4 Preoperative Surgical Information
There are a variety of treatment options for patients with chronic diverticular dis-

ease, leading to some controversy in the surgical guidelines [48]. In particular, new
surgical guidelines [51-53] recommend a more conservative and case-by-case



14 Radiology 165

Fig. 14.15 Examples of a different distribution of diverticula in two patients who are candidates
for elective surgery. (a) 3D computed tomography colonographic color map. The image shows
diverticula limited to the sigmoid colon. (b) 3D computed tomography colonographic color map.
The image shows diverticula spread in the whole colon

approach, taking into account multiple factors, including patient age, patient’ s
comorbidities (i.e., immune status), number of recurrent episodes of acute diver-
ticulitis, the presence of complications, and patient preferences. Before elective sur-
gery, surgeons could benefit from detailed anatomic information regarding the
entire colon, and CTC, in our opinion, represents the test of choice for providing
this. In this regard, CTC is clearly superior to both optical colonoscopy and the
barium enema. In particular, CTC provides detailed information on colon anatomy,
total number and distribution of diverticula (Fig. 14.15), and the degree of wall
thickening and luminal stenosis. Surgical treatment is often considered when CTC
detects unsuspected complications, such as abscess or fistula. CTC can also guide
clinicians and surgeons when the appropriate therapeutic management is uncertain.
For example, CTC diagnosis of unsuspected severe luminal stenosis could be a key
factor in deciding on a surgical option. The surgical approach is generally laparo-
scopic, and surgeons could benefit from information about the vascular map derived
from CTC (Fig. 14.16) [54, 55]. Of course, to obtain this level of detail requires a
contrast-enhanced CTC protocol, adding an arterial contrast phase to the standard
portal venous phase. In general, the initial position (e.g., prone) is obtained prior to
the IV contrast, allowing for assessment of enhancement.
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Fig. 14.16 Examples of a vascular 3D map provided by CT colonography. (a) 2D axial CTC
image showing multiple diverticula limited to the sigmoid colon. (b) 3D-fused image demonstrat-
ing the sigmoid arteries (SAs) branching from the left colic artery (LCA) and the accessory left
colic artery (ALCA) branching from the middle colic artery (MCA). LCA and SAs run anteriorly
to the inferior mesenteric vein
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