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Abstract

Purpose The aim of the study is to identify CT findings that are predictive of recurrence of acute uncomplicated colonic
diverticulitis, to better risk-stratify these patients for whom guidelines recommend a conservative outpatient treatment and
to determine the appropriate management with an improvement of health costs.

Materials and Methods Over the past year, 33 patients enrolled in an outpatient integrated care pathway (PDTA) for uncom-
plicated acute diverticulitis with 1-year follow-up period, without recurrence, and 33 patients referred to Emergency Depart-
ment for a recurrent acute diverticulitis were included. Images of admission CT were reviewed by two radiologists and the
imaging features were analyzed and compared with Chi-square and Student ¢ tests. Univariate and multivariate Cox regres-
sion models were employed to identify parameters that significantly predicted recurrence in 1-year follow-up period and
establish cutoff and recurrence-free rates. The maximally selected rank statistics (MSRS) were used to identify the optimal
wall thickening cutoff for the prediction of recurrence.

Results Patients with recurrence showed a greater mean parietal thickness compared to the group without recurrence (16 mm
vs. 11.5 mm; HR 1.25, p <0.001) and more evidence of grade 4 of peridiverticular inflammation (40% vs. 12%, p=0.009,
HR 3.44). 12-month recurrence-free rates progressively decrease with increasing thickness and inflammation. In multivari-
ate analysis, only parietal thickness maintained its predictive power with an optimal cutpoint > 15 mm that causes a sixfold
increased risk of recurrence (HR 6.22; 95% CI, 3.05-12.67; p<0.001). Beyond thickness and peridiverticular inflamma-
tion, predictive value of early recurrence within 90 days from the 1st episode resulted also an Hinchey Ib on admission CT.
Conclusions The maximum wall thickening and the grade of peridiverticular inflammation can be considered as predictive
factors of recurrence and may be helpful in selecting patients for a tailored treatment to prevent the risk of recurrence.
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Abbreviations HR Hazard ratio

PDTA  The Italian acronym for integrated care pathway AD Acute diverticulitis

ICP Integrated care pathway ED Emergency Department
BMI Body mass index NR-pts Non-recurrence patients
CI Confidence intervals R-pts Recurrence patients

CT Computed tomography
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Acute diverticulitis (AD) represents one of the most com-
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increased 7.5% annually from 190 per 100000 in 2008 to 310

Extended author information available on the last page of the article per 100000 in 2015 in Europe [1], resulting in significant
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economic burden on the healthcare system, both in Europe
[2-4] and in USA [5, 6].

Furthermore, these numbers are expected to increase, due
to the growing prevalence of this disease, especially among
younger patients.

Computed tomography (CT) imaging has become a pri-
mary diagnostic tool in the diagnosis and staging of patients
with acute diverticulitis. The most used classification is
based on the Hinchey criteria [7], modified by the recent
German guidelines [8]. 75% of patients develop the uncom-
plicated form of acute diverticulitis [9]. The classification
of uncomplicated forms has an important implication in
clinical practice because, based on the recent international
guidelines [10-12], a conservative outpatient treatment is
recommended. Both an international consensus conference
[13] and meta-analyses [14, 15] also suggest that antibiotic
therapy is not necessary. With an accurate multidisciplinary
management protocol, which provides for the short-term
follow-up of the patient, a rapid discharge of patients with a
diagnosis of acute uncomplicated diverticulitis would there-
fore be feasible. The implementation of such a therapeutic
approach would considerably reduce healthcare costs [16].

In this context, an integrated care pathway (PDTA) for
uncomplicated acute diverticulitis has been organized for
outpatient program at Policlinico Umberto I Hospital, Roma,
Italy. After diagnosis at the Emergency Department, patients
are discharged with observational treatment borne by an
expert team of gastroenterologists with medical examina-
tion at the outpatient gastroenterological clinic within 72
hours, 30 days and 3 months after discharge. The institution
of standardized clinical pathway for acute non-complicated
colonic diverticulitis has the following objectives: to abbre-
viate the stay in Emergency Department of patients, optimiz-
ing the time needed for diagnosis; to reduce inappropriate
hospitalizations; to provide high quality specialist outpa-
tient care for management and therapy with personalized
pathways, ensuring both short- and long-term follow-up;
and to ensure a multidisciplinary approach in the clinical
management of the patient and the availability of dialogue
between healthcare professionals and general practitioners.
However, to improve the quality of patient care, it would
be useful to establish whose patients are at risks of early
and late AD recurrences. Patients with a recurrent attack of
diverticulitis may be at risk for developing complications,
need for emergency surgery and developing more than one
recurrent episode.

In a retrospective cohort study [17], the authors suggested
that the severity of acute inflammation and the wall thick-
ening of affected colonic segment may be useful predictors
for recurrence, although a cutoff value for parietal thickness
was not defined as well as the time of recurrence. No pre-
dictive factors were identified by another cohort study [18]
while more than five diverticula per 10 cm of colon resulted

a significant predictor of recurrence on right AD [19, 20].
Discrepancies among studies could be ascribed to the hetero-
geneous population of AD patients that have been analyzed.

This study is aimed to identify CT imaging findings that
could predict the risk of recurrence within 12 months in a
cohort of patients with uncomplicated AD, thereby aiding
in selecting patients enrolled in our PDTA who may be suit-
able for more intensive non-operative treatment to prevent
recurrence of the disease.

Materials and methods
Study population

This retrospective observational study only used information
gathered from human participants, without any identifiers
linking individuals to the data/samples. All methods and
procedures meet institutional and research committee ethi-
cal standards in accordance with the 2013 Declaration of
Helsinki.

Over the past year, 66 patients referred to the Emergency
Department of Policlinico Umberto I Hospital (Rome) for
uncomplicated AD were included. Uncomplicated acute
diverticulitis was defined as modified Hinchey stages la
and 1b; therefore, patients have a small pericolic abscess
(< 5 cm) or covered perforation, with the absence of ascites
or free abdominal air. Thirty-three of these patients were
those enrolled in the outpatient uncomplicated AD care
program (PDTA) with 1-year follow-up without recur-
rence (NR-pts) and 33 patients, matched per gender and
age, were patients admitted for a recurrent AD (R-pts)
within 12 months from the previous 1st access for AD to
the Emergency Department. Patients with recurrence were
also divided into early recurrence after first episode of acute
diverticulitis (< 90 days, 13 patients) and late recurrence
(> 90 days, 20 patients). Exclusions criteria were: high-
risk subjects (immunocompromised patients, presence of
associated comorbidities), need for emergency surgery and
development of complications at 1st episode (Hinchey > 2).
All admission Ist episode CT scans were revaluated and
examined.

CT scanning protocol

CT examinations were performed using the two CT scanners
of the Emergency Radiology Department: Philips Ingenu-
ity 64-slice and Siemens Somatom Sensation 64-slice, with
intravenous iodinated contrast injection, after eGFR (Esti-
mated Glomerular Filtration Rate) evaluation, based on
Policlinico Umberto I Hospital Guidelines regarding preven-
tion of acute kidney injury from iodinated contrast media.
All protocols included basal phase and arterial, portal, and
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excretory phases, from the lung base to the pelvis, with coro-
nal and sagittal multiplanar reconstructions, and slice thick-
ness of 5 mm and 15 mm.

CT imaging analysis

First episode CT images were analyzed by an emergency
radiologist with > 10 years of experience (S.L.) and a
fourth-year radiology resident (S.S.). CT scan revaluation
and measurements were performed using INFINITT PACS.
CT outcome measures were known parameters of disease
severity [17-19] : (a) maximum length of the involved
colonic segment: length of involved colonic segment was
measured using both axial and coronal multiplanar recon-
structions, based on morphology of segment involved and
its rotation on the various planes, using the digital caliber
of the PACS system (Fig. 1); (b) number of diverticula
within 10 cm: first, the colonic segment with the highest
concentration of diverticula was identified, and then, the
maximum number of diverticula contained within 10 cm
of that segment was counted; (c) maximum colonic wall
thickness (in millimeters) of the affected segment: as shown
in Dickerson et al. [17], for the correct measurement it is
necessary to identify the colonic lumen and then measure
the maximum serous—mucosal distance, perpendicular to

Fig.1 A axial and coronal
measurement of involved colon
segment length; B measurement
of maximum parietal thickness
(serosa-to-mucosal surface) of
inflamed segment with visible
lumen and measurement of
maximum parietal thickness
(serosa-to-serosa surface) of
inflamed segment without vis-
ible lumen
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the lumen, without including abscesses or diverticula in
measurement: In this case, measurement can be taken in
colonic segments adjacent to them. Furthermore, if lumen is
poorly visualized, thickness can be calculated measuring the
serosa—serosa distance and then dividing the result in half
(Fig. 1); (d) grade of pericolic inflammation: this finding
manifests through the presence of hyperdense threads and
hyperaemic vessels, which are increasingly less recognizable
as the extent of inflammation increases. A system of grad-
ing allowed to qualitatively measure the level of pericolic
inflammation (Fig. 2); (e) presence and dimension of the
peridiverticular or intramural abscess: abscess was defined
as a localized collection > 1 cm in diameter, of heterogene-
ous density (fluid/corpusculate), with or without air bubbles,
delimited by a contrast-enhanced rim; maximum diameter
was measured in horizontal plane.

Statistical analysis

Categorical variables were summarized as counts and
percentages and were compared using the Chi-square test
(Xz) or Fisher’s exact test, in case of low frequencies. Con-
tinuous variables were summarized as means and standard
deviations and were compared using the unpaired ¢ test
(Student ¢ test), adjusted with Welch—Satterthwaite method
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Fig.2 Axial CT showing peridiverticular inflammation grades: (1)
Minimal: rare fine threads of high attenuation. (2) Mild: multiple
threads of high attenuation that remain distinct, vessels are clearly
visible. (3) Moderate: many threads difficult to resolve individually,
vessels difficult to discern. (4) Severe: dominant pattern of increased
attenuation in the fat could be mistaken for fluid collection, vessels
not visible

or integrated with the Mann—Whitney U test, or ANOVA
test in case of more than two groups. Univariate analysis
using Cox regression models was employed to evaluate the
effect of each predictor on diverticulitis recurrence over the
12-month follow-up period; multivariate analysis was used
to evaluate correlation between CT predictors. The hazard
ratio (HR) and 95% confidence intervals were calculated.
Kaplan—Meier recurrence-free curves were created to graph-
ically illustrate time-to-event rates throughout 1 year and
compared using the log-rank test. The maximally selected
rank statistics (MSRS) were used to identify the optimal
wall thickening cutoff for the prediction of recurrence. In all
analyses, the Pearson correlation coefficient was calculated.
A p value < 0.05 was considered statistically significant.

Statistical analyses were performed with IBM SPSS Sta-
tistics software (version 29.0).

Results

Demographic characteristics and diverticulitis-related CT
findings of NR- and R-pts are summarized in Table 1. No
statistically significant differences were found between the
2 groups regarding sex and age distribution. A trend was
found in distribution of Hinchey Ib at the 1st episode, that
was higher in R- than in NR-pts (30% vs. 12%), even if not
statistically different. As far as parameters of diverticular

disease severity were concerned, there were no differences
between NR- and R-pts in overall number of diverticula and
number of diverticula within 10 cm. In both groups, the
most involved segment was rectosigmoid colon (78% and
81%), followed by the descending colon (47% and 31%).
Ascending colon and caecum were much less involved, and
no cases of transverse colon diverticulitis have been found
in our study population. Mean length of the involved colonic
segment (8.4 cm) was the same in two groups as well as
the prevalence and mean diameter of the eventual abscess.
Instead, a statistically significant difference was found
regarding maximum wall thickness of the inflamed segment,
R-pts showing a higher maximum parietal thickness than the
other group (p < >0.001). A significant difference between
the 2 groups was also found in peridiverticular inflammation
with prevalent grade 4 in R-pts and prevalent grades 1 and
2 in NR group (p = >0.016).

At univariate analysis with Cox regression model, signifi-
cant predictors of diverticulitis recurrence were maximum
thickness of colonic wall and grade 4 of peridiverticular
inflammation: When thickness increases of 1 >mm, the haz-
ard increases by 1.25 (1.15-136, p < >0.001) times; when
peridiverticular inflammation is grade 4, there is a 344 times
risk of recurrence than inflammation grade 1. Multivariate
Cox regression showed that maximum thickness of colonic
wall remained significant while grade 4 of peridiverticular
inflammation reduced its predictive power (Table 2).

Kaplan—Meier plots were produced for the significant pre-
dictors identified, to illustrate the relationship between the
predictors and 1-year time-to-event rates. For wall thickness,
continuous predictors were converted in categorical vari-
ables, and 4 groups were created: >10 mm, >10-<15 mm,
>15-<20 mm, >20 mm. Figure 3 illustrates the recurrence-
free probability stratified by colonic wall maximum thick-
ness (Fig. 3). Similarly, for grade of peridiverticular inflam-
mation, continuous predictors were converted in categorical
variables, and 4 groups were created: minimal, mild, moder-
ate, and severe (Fig. 4). Table 3 shows the estimated median
recurrence-free months and 12-month recurrence-free rate
for each significant predictor.

Using MSRS analysis, the optimal cutpoint for wall thick-
ness for the prediction of recurrence was estimated and
resulted to be >15 mm. Through curve fitting, which defines
the “best fit” model of the relationship between thickness
and recurrence-free rates, it was demonstrated that for
thickness values <15 mm the HR remains almost constant,
while for values >15 mm the curve slope begins to change
and then tends to rise continuously upwards up to values of
thickness =18 mm. This highlights that for high thickness
values, patients present an increased risk to develop recur-
rence within 1-year follow-up period (Fig. 5).

Kaplan—Meier curve was reconstructed according to the
new cutoff value to examine recurrence-free probability
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Table 1 Demographic

characteristics and diverticulitis- NRopts (=33 Repts (n=33) p-value
related CT findings of Sex M =21 (64%) M =20 (61%) 0.800
populations F=12 (36%) F=13 (39%)
Aget 58 (12.2) 61 (14) 0.408*
Hinchey 0.071°
Ia 29 (88%) 23 (70%)
Ib 4 (12%) 10 (30%)
Multiple diverticula® YES=31 (94%) YES=32 (97%) 0.555
NO=2 (6%) NO=1(3%)
12 (7.2) 14 (7.3) 0.386"
Involved segment 0.595"
Rectosigmoid colon 26 (719%) 27 (82%)
Descending colon 14 (42%) 10 (30%)
Transverse colon 0 (0%) 0 (0%)
Ascending colon 2 (6%) 1 (3%)
Caecum 1 (3%) 1 (3%)
Involved segment length (cm)® 8.4 (3.9 8.4 (2.4) 0.669*
ABSCESS (mm)® 3 (6%) 9 (18%) 0.282F
19 245 0.393"
Maximum wall thickness (mm)* 11.5 (2.6) 16 (4.2) <0.001*
Peridiverticular 0.016°
Inflammation
Grade 1 10 (30%) 3 (9%)
Grade 2 12 37%) 7 (21%)
Grade 3 7 21%) 10 (30%)
Grade 4 4 (12%) 13 (40%)
# Student 7 test
* Mann—Whitney test
T Chi-square test (2)
§ Mean with standard deviation in parentheses
Table2 CT pr~edict0rs Univariate analysis Multivariate analysis
of recurrence in 1-year
follow-up—univariate and Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
multivariate cox regression
analysis Peridiverticular inflammation
Grade 1 Reference - Reference -
Grade 2 1.64 (0.42-6.34) 0.475 1.28 (0.33-4.99) 0.940
Grade 3 1.73 (0.94-12.41) 0.063 1.33 (0.33-5.41) 0.322
Grade 4 3.44 (1.51-18.71) 0.009 2.09 (0.55-8.01) 0.280
Wall thickness 1.25 (1.15-1.36) <0.001 1.23 (1.12-1.36) <0.001

(Fig. 6). Recurrence-free rate of patients with thickness
>15 mm was significantly higher than that of patients with
thickness <15 mm (log-rank test, p < 0.001). In fact, the
presence of thickness >15 mm causes a sixfold increased
risk of recurrence compared to a thickness <15 mm (HR,
6.22;95% CI, 3.05-12.67; p < 0.001).

Finally, in order to analyze the timing of the second
event after the 1st episode of acute diverticulitis, diver-
ticulitis-related CT findings were compared between
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recurrence within 90 days from first discharge (early
recurrence, n = 13) after 90 days (late recurrence, n = 20).
Results showed that mean parietal thickness was much
higher in patients with early recurrence than those with
late recurrence (18.5 mm vs. 14 mm; p < 0.001) and that
grade 4 of peridiverticular inflammation was greater in
first group (62% vs. 25% p = 0.036). Hinchey grade Ib at
first event was more represented in the first group (46% vs.
20%, p = 0.011). Analyzing the relationship with Hinchey
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Fig.3 Kaplan—Meier plot for
recurrence-free probability
stratified by colonic wall maxi-
mum thickness groups during
1-year follow-up. Patients with
a parietal thickness > 15 mm
had a 12-month recurrence-free
probability < 0,25 (log-rank test
p<0.001)

Fig.4 Kaplan—Meier plot for
recurrence-free probability
stratified by peridiverticular
inflammation groups during
1-year follow-up. Patients with a
grade 1 and 2 of peridiverticular
inflammation had a significantly
higher recurrence-free prob-
ability at 12 months than those
with 3 and 4 grades (log-rank
test p<0.001)
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Table 3 Estimated median
recurrence-free months and

Median recurrence-free months

12-Month recurrence-free rate

12-month recurrence-free rate
for each significant predictor

Colonic wall thickness
<10 mm

>10mm, <15 mm

> 15 mm, <20 mm
>20 mm

12 [11-12, 95% CT]
9[6-12,95% CI]
4,5 [4-9, 95% CI]

1 [2-8, 95% CI]

Peridiverticular inflammation grade

69% [48-99%, 95% CI]
42% [30-58%, 95% CI]
21% [11-40%, 95% CI]
0%

Grade 1 12 [4-12,95% CI] 56% [36,5-87%, 95% CI]
Grade 2 11 [7-12,95% CI] 39% [23,5-65%, 95% CI|
Grade 3 8,5 [4-12,95% CI] 34% [22-53%, 95% CI]
Grade 4 4 [3-6, 95% CI] 15% [6,5-33%, 95% CI]
THICKNESS
Distribution
1.00 A
0.75 4
2
2 0.50-
[}
o
0.25 -
0.00 -
| I | | T
7,5 10 12.5 15.0 17,5
Maximally Selected Rank Statistics
Q ] I
3 ° .
T 1 o
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c L]
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Fig.5 Scatter plot of maximally selected rank statistic shows the cutoff value of colonic wall thickness that predicts risk of recurrence

grade of the recurrence, patients with early recurrence
showed a higher Hinchey on second CT (grade II: 31% vs.
5%; grade Ib: 62% vs. 45%; p = 0.002) and there was also
a case of Hinchey III (Table 4). Even if no statistically dif-
ferent, there was a trend regarding mean length of inflamed
segment, that was higher in patients with early recurrence
(9 mm vs. 8§ mm; p = 0.070).
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Discussion

The present study highlights that some CT parameters
result in the statistical prediction of recurrence within
12 months from a first episode of uncomplicated acute
diverticulitis and could be useful in identifying patients
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Fig. 6 Kaplan—-Meier curve
according to the new cutoff
value of colonic wall thickness
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e
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o
0.00

I | | | I
0 3 6 9 12
Time (months)

Number at risk

THICKNESS High 19 8 7 4 0

THICKNESS Low 47 44 38 38 33
I I I | I
0 3 6 9 12

Time (months)

Table 4 Comparison of

CT findings in patients <90 Days (n=13) > 90 Days (n=20) p-value
who developed acute Sex M=38 (62%) M=12 (60%) 0.988"
di\'/erticul.itis <90 days frf)m first F=5 (38%) F=8 (40%)
episode discharge vs. patients
developing recurrence after 90 Age (years)’ 60 (13.7) 62 (14.5) 0.694*
days Maximum wall thickness (mm)* 18.5 (3.73) 15 (4.03) <0.001*
Peridiverticular inflammation 0.036"
Grade 1 1(7%) 2 (10%)
Grade 2 0 (0%) 7 (35%)
Grade 3 4 (31%) 6 (30%)
Grade 4 8 (62%) 5 (25%)
Length (cm)® 9 (2.32) 8 (2.34) 0.070*
Hinchey 1° event 0.0117
Ia 7 (54%) 16 (80%)
Ib 6 (46%) 4 (20%)
Hinchey 2° event 0.002°
Ia 0 (0%) 10 (50%)
Ib 8 (62%) 9 (45%)
I 4 (31%) 1 (5%)
I 1 (7%) 0 0%)
ABSCESS (mm)® 38% (5) 5% (1) 0.0257
224 (11.2) 35(17) 0.335*

# Student 7 test
* Mann—Whitney test
T Chi-square test (x2)

§ Mean with standard deviation in parentheses
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for whom guidelines recommend a conservative outpatient
treatment that might require a more intensive management
aimed to prevent recurrence of the disease. Patients with a
recurrent attack of diverticulitis may be at risk for devel-
oping complications and needs for emergency surgery. In
the past, it was reported that about one-third of all patients
with acute diverticulitis will have a recurrent attack, often
within 1 year [10]. However, a recent meta-analysis [9]
found an estimated recurrence of 12.9% after an uncom-
plicated episode of diverticulitis.

In the present study, which strictly included only patients
with a first episode of uncomplicated acute diverticulitis,
two CT parameters have been identified as predictive factors
on admission CT for recurrence of disease within 1 year, the
maximum colonic wall thickness of the affected portion of
the colon and the degree of peridiverticular inflammation.
These parameters are coherent with those reported in a ret-
rospective cohort study [17] that included acute diverticu-
litis independently from Hinchey classification score with
a longer period of follow-up (5 years). The colonic wall
thickness results to be the most predictive parameter that
persist to be significant after multivariate analysis. To our
knowledge, for the first time a cutoff was determined. The
presence of thickness >15 mm causes a sixfold increased
risk of recurrence within 1 year, with values of 18.5 mm
being predictive of early recurrence within 90 days.

In turn, after multivariate analysis, peridiverticular
inflammation has no longer a predictive power when asso-
ciated with parietal thickness in accordance with a previous
study [21] in which it was found that marked thickening
of the mesenteric fat was not proportionated to the mod-
est increase in the colonic parietal thickness. However, this
finding differs from an other cohort study [17], in which
predictive power of peridiverticular inflammation severity
persisted in multivariate analysis. These discordances could
be related to the different types of AD population studied
as well as to the methods used to determine inflammation
severity. In the present study, a visual grade of severity was
used to make a qualitative evaluation while in other studies
a mean region of interest (ROI) measurement was employed.
Even with the use of ROI, the power of peridiverticular
inflammation severity resulted discordant being predictive
in some studies [17] but not in others [18]. In the latter study,
the authors proposed measuring the largest area of inflam-
mation using a ROI and the size of inflamed area in cm?.

Accurate measurement is difficult to obtain also when
measuring length of involved colonic segment. None of the
other CT parameters that have been reported to be predic-
tive of recurrence was confirmed in the present study. Length
of colonic inflamed segment was no related to recurrence
similarly to Dickerson et al [17] that estimated the linear
percentage of the inflamed segment. However, the length of
involved segment might be predictive of early recurrence in
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uncomplicated AD with significancy barely missed in the
present study probability to ascribe to the small number of
patients included in the analysis. A previous study [22] evalu-
ating CT features predictive of complications in AD divided
patients into the same groups (<90 days and >90 days) found
length of inflamed segment as a significant predictor of com-
plications within 90 days. It has been demonstrated that the
severity of the primary episode may be associated with similar
severity at the following episode [23]. Further, in our study,
also the presence of an abscess was not related to higher recur-
rence risk even if discordant with other studies [24]. Moreo-
ver, a study [23] correlates a primary episode with abscess
(Hinchey Ib) with recurrence that shows abscess formation. In
our experience, this outcome was not significant, but we found
that early recurrence-pts developed on second CT a higher
Hinchey grade than late recurrence-pts.

Finally, the previously reported risk factors for age [9] and
male sex [17] were not confirmed in the present study.

Concerning the limitations of this study: (1) the population
sample includes only patients recruited in the PDTA with a
one-year follow-up, being the expression of an accurate selec-
tion and not representing the general population. However the
extreme homogeneity of the group allows the data to be vali-
dated. (2) The results of this retrospective study required to be
confirmed prospectively, an analysis already ongoing in the
PDTA that continues to operate actively.

To our knowledge, to date, this is the first study that
established a cutoff value for a predictor of recurrence of
acute diverticulitis. Furthermore, in the literature there are
not studies that have evaluated at the same time and in the
same cohort CT predictors of recurrence and the influence
of detected predictors on early and late recurrence. A precise
estimate of the cutoff beyond which the risk of recurrences
increases could be useful in clinical practice to establish
which patients are eligible for a different therapeutic strat-
egy and follow-up. Up to date, no treatments have proven
efficiency in prevention of recurrence. Antibiotics treatment
had no significant effect on the reduction of recurrence rates
in AD [9, 15], and even elective surgery does not eliminate
the risk of recurrence [24]. Some evidence that still need to
be confirmed indicate that intermittent rifaximin associated
with probiotics could prevent recurrence [23]. The possibil-
ity provided by the above CT predictive factors of recurrence
of selecting a homogenous group of AD patients to tailor
specific new therapeutic strategies represents an important
clinical opportunity.

Conclusions

The maximum wall colonic thickness and the grade of
peridiverticular inflammation can be considered as pre-
dictive factors of recurrence. These factors, together
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with length of inflamed segment and Hinchey grade 1b
at first episode of uncomplicated AD, may aid in select-
ing patients of our PDTA for a personalized therapy,
potentially suitable for a treatment for prevention of
recurrence, thus reducing health costs and inappropriate
hospitalizations.

Acknowledgements PDTA Group of Uncomplicated Acute Diverticu-
litis that contribute to the selection, clinical diagnostic evaluation and
follow-up of the patients enrolled in the Integrated Clinical Pathway
(PDTA is the Italian acronym for ICP): Domenico Alvaro (UOC Gas-
troenterologia, Sapienza University of Rome, Rome, Italy), Marco
Assenza (UOSD Pronto Soccorso Chirurgico, Sapienza University of
Rome, Rome, Italy), Enrico Baldini (UOSD PS Medico e OBI, Poli-
clinico Umberto 1 Hospital, Rome, Italy), Carmen Catero (UOSD PS
Medico e OBI, Policlinico Umberto 1 Hospital, Rome, Italy), Ema-
nuela Conti (UOSD Risk Management e Audit Clinico, Sapienza Uni-
versity of Rome, Rome, Italy), Giuseppe Donato (UOC Gastroentero-
logia, Sapienza University of Rome, Rome, Italy), Giampiero Ferraguti
(UOS Patologia Clinica—Laboratorio Centrale, Sapienza University of
Rome, Rome, Italy), Enrico Fiori (UOC Chirurgia Oncologica e Lapa-
roscopica, Sapienza University of Rome, Rome, Italy), Deborah Grilli
(UOSD PS Medico e OBI, Policlinico Umberto 1 Hospital, Rome,
Italy), Anna Santa Guzzo (UOSD Risk Management e Audit Clinico,
Sapienza University of Rome, Rome, Italy), Franco lafrate (UOC Radi-
ologia, Sapienza University of Rome, Rome, Italy), Antonella Lamazza
(UOSD Endoscopia Digestiva e Operativa, Sapienza University of
Rome, Rome, Italy), Marco Lucarelli (UOS Patologia Clinica—Labo-
ratorio Centrale, Sapienza University of Rome Rome, Italy), Andrea
Mingoli (UOC Chirurgia d’Urgenza e del Trauma, Sapienza Univer-
sity of Rome, Rome, Italy), Nadia Pallotta (UOC Gastroenterologia,
Sapienza University of Rome, Rome, Italy), Francesco Pugliese (UOC
Centro di Rianimazione, Sapienza University of Rome, Rome, Italy)
and Laura Zinnamosca (UOSD PS Medico e OBI, Policlinico Umberto
1 Hospital, Rome, Italy).

Authors contribution All authors contributed to the study conceptu-
alization, methodology and investigation. SS, SL, GB and DC helped
in material preparation, data collection and analysis. CS and PR were
involved in statistical analysis. SS wrote the first draft of the manu-
script. All authors contributed in draft visualization and revision. CS
and PR made the final revision. All authors have read and approved the
final version of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Roma La Sapienza within the CRUI-CARE Agreement. The authors
declare that no funds, grants or other support were received during the
preparation of this manuscript.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethics approval This is an observational study, carried out as part
of the PDTA (Italian acronym for Integrated Clinical Pathway) on
Uncomplicated Acute Diverticulitis, officially recognized by the Gen-
eral Management of the AOU Policlinico Umberto 1 with resolution
no. 0000070 on 5.2.2021. The Research Ethics Committee of the Poli-
clinico Umberto 1 Hospital has confirmed that no ethical approval is
required.

Consent to participate All patients enrolled in the PDTA signed an
informed consent and were informed that their clinical-anamnestic data

and diagnostic images could be used anonymously for dissemination
and research purposes.

Consent to publish The authors affirm that human research participants
provided appropriate informed consent for publication of the images
in Figs. 1 and 2.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Schultz JK, Azhar N, Binda GA, Barbara G, Biondo S, Boer-
meester MA, Chabok A, Consten ECJ, van Dijk ST, Johanssen A,
Kruis W, Lambrichts D, Post S, Ris F, Rockall TA, Samuelsson A,
Di Saverio S, Tartaglia D, Thorisson A, Winter DC et al (2020)
European society of coloproctology: guidelines for the manage-
ment of diverticular disease of the colon. Colorectal Dis 22(Suppl
2):5-28. https://doi.org/10.1111/codi.15140

2. Kang G, Son S, Shin YM, Pyo JS (2022) Recurrence of uncom-
plicated diverticulitis: a meta-analysis. Medicina (Kaunas)
58(6):758. https://doi.org/10.3390/medicina58060758

3. Kaiser AM, Jiang JK, Lake JP, Ault G, Artinyan A, Gonzalez-Ruiz
C, Essani R, Beart RW Jr (2005) The management of complicated
diverticulitis and the role of computed tomography. Am J Gas-
troenterol 100(4):910-917. https://doi.org/10.1111/j.1572-0241.
2005.41154

4. Kruis W, Germer CT, Leifeld L, German Society for Gastroenter-
ology, Digestive and Metabolic Diseases and The German Society
for General and Visceral Surgery (2014). Diverticular disease:
guidelines of the German society for gastroenterology, digestive
and metabolic diseases and the German society for general and
visceral surgery. Digestion 90(3):190-207. https://doi.org/10.
1159/000367625

5. Bollom A, Austrie J, Hirsch W, Nee J, Friedlander D, Ellingson
K, Cheng V, Lembo A (2017) Emergency department burden of
diverticulitis in the USA, 2006-2013. Dig Dis Sci 62(10):2694—
2703. https://doi.org/10.1007/s10620-017-4525-y

6. Mennini FS, Sciattella P, Marcellusi A, Toraldo B, Koch M
(2018) Valutazione dell’impatto economico delle complicanze
della malattia diverticolare con i dati “real life” della Regione
Marche [Burden of diverticular disease: an observational analysis
based on Italian real-world data]. Recenti Prog Med 109(1):15-24.
https://doi.org/10.1701/2848.28749

7. Sartelli M, Weber DG, Kluger Y, Ansaloni L, Coccolini F,
Abu-Zidan F, Augustin G, Ben-Ishay O, Biffl WL, Bouliaris
K, Catena R, Ceresoli M, Chiara O, Chiarugi M, Coimbra R,
Cortese F, Cui Y, Damaskos D, De’ Angelis GL, Delibegovic S
et al (2020) 2020 update of the WSES guidelines for the man-
agement of acute colonic diverticulitis in the emergency setting.
World J Emerg Surg: WIES 15(1):32. https://doi.org/10.1186/
s13017-020-00313-4

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/codi.15140
https://doi.org/10.3390/medicina58060758
https://doi.org/10.1111/j.1572-0241.2005.41154
https://doi.org/10.1111/j.1572-0241.2005.41154
https://doi.org/10.1159/000367625
https://doi.org/10.1159/000367625
https://doi.org/10.1007/s10620-017-4525-y
https://doi.org/10.1701/2848.28749
https://doi.org/10.1186/s13017-020-00313-4
https://doi.org/10.1186/s13017-020-00313-4

1128

La radiologia medica (2024) 129:1118-1129

10.

11.

12.

13.

14.

15.

16.

Francis NK, Sylla P, Abou-Khalil M, Arolfo S, Berler D, Curtis
NJ, Dolejs SC, Garfinkle R, Gorter-Stam M, Hashimoto DA, Has-
singer TE, Molenaar CJL, Pucher PH, Schuermans V, Arezzo A,
Agresta F, Antoniou SA, Arulampalam T, Boutros M, Bouvy N
et al (2019) EAES and SAGES 2018 consensus conference on
acute diverticulitis management: evidence-based recommenda-
tions for clinical practice. Surg Endosc 33(9):2726-2741. https://
doi.org/10.1007/s00464-019-06882-z

Daniels L, Unlii C, de Korte N, van Dieren S, Stockmann HB,
Vrouenraets BC, Consten EC, van der Hoeven JA, Eijsbouts QA,
Faneyte IF, Bemelman WA, Dijkgraaf MG, Boermeester MA,
Dutch Diverticular Disease (3D) Collaborative Study Group
(2017). Randomized clinical trial of observational versus anti-
biotic treatment for a first episode of CT-proven uncomplicated
acute diverticulitis. Br J Surg 104(1):52-61. https://doi.org/10.
1002/bjs.10309

Andersen JC, Bundgaard L, Elbrgnd H, Laurberg S, Walker LR,
Stgvring J, Danish Surgical Society (2012). Danish national
guidelines for treatment of diverticular disease. Dan Med J
59(5):C4453

Andeweg CS, Mulder IM, Felt-Bersma RJ, Verbon A, van der Wilt
GJ, van Goor H, Lange JF, Stoker J, Boermeester MA, Bleichrodt
RP, Netherlands Society of Surgery, and Working group from
Netherlands Societies of Internal Medicine, Gastroenterologists,
Radiology, Health echnology Assessment and Dieticians (2013)
Guidelines of diagnostics and treatment of acute left-sided colonic
diverticulitis. Dig Surg 30(4—6):278-292. https://doi.org/10.1159/
000354035

Cuomo R, Barbara G, Pace F, Annese V, Bassotti G, Binda GA,
Casetti T, Colecchia A, Festi D, Fiocca R, Laghi A, Maconi G,
Nascimbeni R, Scarpignato C, Villanacci V, Annibale B (2014)
Italian consensus conference for colonic diverticulosis and diver-
ticular disease. United Eur Gastroenterol J 2(5):413—-442. https://
doi.org/10.1177/2050640614547068

Pietrzak A, Bartnik W, Szczepkowski M, Krokowicz P, Dziki A,
Reguta J, Wallner G (2015) Polish interdisciplinary consensus on
diagnostics and treatment of colonic diverticulosis (2015). Pol
Przegl Chir 87(4):203-220. https://doi.org/10.1515/pjs-2015-0045
Stollman N, Smalley W, Hirano I, Institute Clinical Guidelines
Committee AGA (2015) American gastroenterological associa-
tion institute guideline on the management of acute diverticulitis.
Gastroenterology 149(7):1944—-1949. https://doi.org/10.1053/j.
gastro.2015.10.003

Mege D, Yeo H (2019) Meta-analyses of current strategies to treat
uncomplicated diverticulitis. Dis Colon Rectum 62(3):371-378.
https://doi.org/10.1097/DCR.0000000000001295

van Dijk ST, Daniels L, Unlii C, de Korte N, van Dieren S,
Stockmann HB, Vrouenraets BC, Consten EC, van der Hoeven

Authors and Affiliations

17.

18.

19.

20.

21.

22.

23.

24.

JA, Eijsbouts QA, Faneyte IF, Bemelman WA, Dijkgraaf MG,
Boermeester MA, Dutch Diverticular Disease (3D) Collabora-
tive Study Group (2018) long-term effects of omitting antibiot-
ics in uncomplicated acute diverticulitis. Am J Gastroenterol
113(7):1045-1052. https://doi.org/10.1038/s41395-018-0030-y
Dickerson EC, Chong ST, Ellis JH, Watcharotone K, Nan B,
Davenport MS, Al-Hawary M, Mazza MB, Rizk R, Morris AM,
Cohan RH (2017) Recurrence of colonic diverticulitis: identify-
ing predictive CT findings-retrospective cohort study. Radiology
285(3):850-858. https://doi.org/10.1148/radiol.2017161374
Thorisson A, Smedh K, Torkzad MR, Pdhlman L, Chabok A
(2016) CT imaging for prediction of complications and recur-
rence in acute uncomplicated diverticulitis. Int J Colorectal Dis
31(2):451-457. https://doi.org/10.1007/s00384-015-2423-3
Pereira JM, Sirlin CB, Pinto PS, Jeffrey Kim DH, Kim HJ, Jang
SK, Yeon JW, Shin KS (2017) CT predictors of unfavorable
clinical outcomes of acute right colonic diverticulitis. AJR Am J
Roentgenol 209(6):1263-1271. https://doi.org/10.2214/AJR.17.
17869RB

Stella DL, Casola G (2004) Disproportionate fat stranding: a help-
ful CT sign in patients with acute abdominal pain. Radiographics
24(3):703-715. https://doi.org/10.1148/rg.243035084

van Dijk ST, Daniels L, Nio CY, Somers I, van Geloven AAW,
Boermeester MA (2017) Predictive factors on CT imaging for pro-
gression of uncomplicated into complicated acute diverticulitis.
Int J Colorectal Dis 32(12):1693-1698. https://doi.org/10.1007/
s00384-017-2919-0

Lanas A, Ponce J, Bignamini A, Mearin F (2013) One year
intermittent rifaximin plus fibre supplementation vs. fibre sup-
plementation alone to prevent diverticulitis recurrence: a proof-
of-concept study. Dig Liver Dis 45(2):104—-109. https://doi.org/
10.1016/j.d1d.2012.09.006

Poletti PA, Platon A, Rutschmann O, Kinkel K, Nyikus V,
Ghiorghiu S, Morel P, Terrier F, Becker CD (2004) Acute left
colonic diverticulitis: can CT findings be used to predict recur-
rence? AJR Am J Roentgenol 182(5):1159-1165. https://doi.org/
10.2214/ajr.182.5.1821159

Longchamp G, Abbassi Z, Meyer J, Toso C, Buchs NC, Ris F
(2021) Surgical resection does not avoid the risk of diverticulitis
recurrence-a systematic review of risk factors. Int J Colorectal Dis
36(2):227-237. https://doi.org/10.1007/s00384-020-03762-0

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Stefania Simonetti’ - Silvia Lanciotti? - Dominga Carlomagno? - Flaminia De Cristofaro’ - Gioacchino Galardo® -

Bruno Cirillo* - Fabio Fiore' - Giacomo Bonito? - Carola Severi- -

Uncomplicated Acute Diverticulitis

<

Paolo Ricci
paolo.ricci@uniromal..it

Stefania Simonetti
stefania.simonetti @uniromal .it

Department of Radiology, Oncology and Pathology,
Sapienza University of Rome, Viale Regina Elena 324,
00161 Rome, Italy

@ Springer

Paolo Ricci'?® on behalf of PDTA Group on

Emergency Radiology Unit, Policlinico Umberto I Hospital,
Viale del Policlinico 155, 00161 Rome, Italy

Translation and Precision Medicine Department, Sapienza
University of Rome, Viale del Policlinico 155, 00161 Rome,
Italy

Emergency Department, Sapienza University of Rome, Viale
del Policlinico 155, 00161 Rome, Italy

UOC Gastroenterologia, University Sapienza, Rome, Italy


https://doi.org/10.1007/s00464-019-06882-z
https://doi.org/10.1007/s00464-019-06882-z
https://doi.org/10.1002/bjs.10309
https://doi.org/10.1002/bjs.10309
https://doi.org/10.1159/000354035
https://doi.org/10.1159/000354035
https://doi.org/10.1177/2050640614547068
https://doi.org/10.1177/2050640614547068
https://doi.org/10.1515/pjs-2015-0045
https://doi.org/10.1053/j.gastro.2015.10.003
https://doi.org/10.1053/j.gastro.2015.10.003
https://doi.org/10.1097/DCR.0000000000001295
https://doi.org/10.1038/s41395-018-0030-y
https://doi.org/10.1148/radiol.2017161374
https://doi.org/10.1007/s00384-015-2423-3
https://doi.org/10.2214/AJR.17.17869RB
https://doi.org/10.2214/AJR.17.17869RB
https://doi.org/10.1148/rg.243035084
https://doi.org/10.1007/s00384-017-2919-0
https://doi.org/10.1007/s00384-017-2919-0
https://doi.org/10.1016/j.dld.2012.09.006
https://doi.org/10.1016/j.dld.2012.09.006
https://doi.org/10.2214/ajr.182.5.1821159
https://doi.org/10.2214/ajr.182.5.1821159
https://doi.org/10.1007/s00384-020-03762-0
http://orcid.org/0000-0001-5212-0678

La radiologia medica (2024) 129:1118-1129 1129

UOSD Pronto Soccorso Chirurgico, University Sapienza, UOC Radiologia, University Sapienza, Rome, Italy

Rome, Italy 13 UOSD Endoscopia Digestiva e Operativa, University
7 UOSD PS Medico e OBI, AO Policlinico Umberto I, Rome, Sapienza, Rome, Italy

Ttaly 4 UOS Patologia Clinica - Laboratorio Centrale, University
8 UOSD Risk Management e Audit Clinico, University Sapienza, Rome, Italy

Sapienza, Rome, Italy 15

UOC Chirurgia d’Urgenza e del Trauma, University
UOC Gastroenterologia, University Sapienza, Rome, Italy Sapienza, Rome, Italy

UOS Patologia Clinica - Laboratorio Centrale, University UOC Centro di Rianimazione, University Sapienza, Rome,
Sapienza, Rome, Italy Italy

UOC Chirurgia Oncologica e Laparoscopica, University
Sapienza, Rome, Italy

@ Springer



	Acute diverticulitis: beyond the diagnosis: predictive role of CT in assessing risk of recurrence and clinical implications in non-operative management of acute diverticulitis
	Abstract
	Purpose 
	Materials and Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	CT scanning protocol
	CT imaging analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements 
	References




