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Abstract

Background This multicentre case—control study aimed to identify risk factors associated with non-operative treatment
failure for patients with CT scan Hinchey Ib-IIb and WSES Ib-Ila diverticular abscesses.

Methods This study included a cohort of adult patients experiencing their first episode of CT-diagnosed diverticular abscess,
all of whom underwent initial non-operative treatment comprising either antibiotics alone or in combination with percutane-
ous drainage. The cohort was stratified based on the outcome of non-operative treatment, specifically identifying those who

What does this paper add to the literature? With a large

sample size, this study suggests that the success of non-
operative treatment is dependent not only on disease-specific
characteristics but also on patient-related factors, including the
individual patient's habits. This is one of the first studies to show
that tobacco smoking is one of the two factors, together with CT
scan Hinchey stage IIb disease, that most negatively impact the
outcome of conservative treatment for patients with diverticular
abscess. The results of this study could improve decision-making
processes, treatment strategies, and patient counselling and
modify the planned treatment pathway in patients deemed at the
highest risk of failure.
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required emergency surgical intervention as cases of treatment failure. Multivariable logistic regression analysis to identify
independent risk factors associated with the failure of non-operative treatment was employed.

Results Failure of conservative treatment occurred for 116 patients (27.04%). CT scan Hinchey classification IIb (aOR 2.54,
95%CI 1.61;4.01, P <0.01), tobacco smoking (aOR 2.01, 95%CI 1.24;3.25, P <0.01), and presence of air bubbles inside
the abscess (aOR 1.59, 95%CI 1.00;2.52, P=0.04) were independent predictors of failure. In the subgroup of patients with
abscesses > 5 cm, percutaneous drainage was not associated with the risk of failure or success of the non-operative treatment
(aOR 2.78, 95%CI — 0.66;3.70, P=0.23).

Conclusions Non-operative treatment is generally effective for diverticular abscesses. Tobacco smoking's role as an inde-
pendent risk factor for treatment failure underscores the need for targeted behavioural interventions in diverticular disease
management. IIb Hinchey diverticulitis patients, particularly young smokers, require vigilant monitoring due to increased
risks of treatment failure and septic progression. Further research into the efficacy of image-guided percutaneous drainage
should involve randomized, multicentre studies focussing on homogeneous patient groups.

Graphical abstract

Towards a tailored approach for patients with acute diverticulitis and
abscess formation. The DivAbsc2023 multicentre case-control study.

STUDY AIM

To identify risk factors associated with non-operative treatment failure
for patients with CT scan Hinchey Ib-llb and WSES Ib-lla diverticular abscesses.
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/\ Patients experiencing their first episode of CT-diagnosed diverticular abscess, all of
& whom underwent initial non-operative treatment comprising either antibiotics alone
or in combination with percutaneous drainage.
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non-operative treatment (aOR 2.78, 95%Cl -0.66;3.70, P= 0.23)
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Diverticular disease is a common clinical entity whose
prevalence has risen steadily in Western countries over the
past few decades [1]. It might lead to acute diverticulitis in
approximately 4—7% of patients, among which 15-20% are
complicated by an intra-abdominal abscess [2—-4]. Com-
plicated acute diverticulitis with abscess can be classified
according to the original or the modified Hinchey clas-
sifications as type Ib (confined pericolic abscess smaller
than 5 cm) or Hinchey II (pelvic, distant intra-abdomi-
nal or retroperitoneal abscess at least 5 cm in size) [4].
According to the World Society of Emergency Surgery
(WSES) classification system, the Ib stage indicates the
presence of an abscess <4 cm, while the Ila stage indicates
an abscess >4 cm [5]. Although there has been a wealth of
research in the form of both observational and randomized
studies focussing upon the treatment of Hinchey I, III, or
IV disease stages [6-9], little focus has been placed upon
the cohort of patients presenting with acute diverticulitis
complicated by pericolic or pelvic abscesses. Abscess size
of 4-6 cm is generally accepted as a reasonable cut-off
determining the choice of treatment between antibiotic
therapy and antibiotic therapy plus percutaneous drain-
age [5, 10-13]. Unfortunately, the available data to sug-
gest this approach consists of a short list of studies with a
limited number of patients, often associated with a short
follow-up period, which is insufficient to assess the value
of percutaneous drainage as the mainstay of treatment
[14-16].

A subgroup of patients will fail the non-operative
approach and require a surgical rescue strategy. Data from
observational studies suggest an approximately 20-30% fail-
ure rate for both antibiotics with drainages and antibiotics
alone [17, 18]. Several studies have explored the possible
factors leading to the failure of the conservative approach
[19, 20]. The identification of the subset of patients with risk
predictors for non-operative treatment strategy failure is a
clinically relevant, as well as unexplored field to date, the
knowledge of which could improve decision-making pro-
cesses, treatment strategies, patient counselling, and even
modify the planned treatment pathway in patients deemed
at highest risk of failure.

A multicentre retrospective cohort study was set up
that merges the cases of acute complicated diverticulitis
with abscess formation (CT scan Hinchey Ib and Ila/b,
and WSES Ib/Ila) initially approached conservatively at
twelve high-volume centres for emergency surgery in Italy.
The aim was to assess the short-term outcomes of initial
non-operative treatment for these patients and to identify
risk factors associated with non-operative treatment failure
to help facilitate appropriate patient selection and assess
the optimal treatment strategy for this peculiar subgroup
of patients.

Patients and methods

This study complied with the Declaration of Helsinki princi-
ples and was waived by the central Italian Ethics Committee
due to its retrospective, observational design. Informed con-
sent was waived according to the regulations of the Italian
Ethics Committee for retrospective analyses. Institutional
review board approval was obtained at each participating
centre. Reporting was performed according to the require-
ments of the STROBE (STrengthening the Reporting of
Observational studies in Epidemiology) checklist [21].
The study protocol was registered in ClinicalTrials.gov
(NCT06109506).

Clinical data

Electronic medical records were reviewed retrospectively
for patient demographic and baseline characteristics,
comorbidity, clinical variables, and biochemistry markers
related to the initial presentation of the disease, abscess
size, location, the interval between the occurrence of
symptoms and treatment, complications, and clinical out-
comes after non-operative treatment. Comorbidities were
scored using the Charlson Comorbidity Index (CCI) [22].
The reports of the CT scans were analysed for terms like
diverticular abscess, pericolic free air, maximum diameter
of the abscess, or covered perforation. Whenever missing
information from the CT scan notes was reported, a sec-
ond radiologist reviewed images, and missing data were
retrieved. Pericolic air was defined as air located less than
5 cm from the affected segment of the colon, regardless
of whether the air was intra or retroperitoneal. Free air
was defined as extraluminal air 5 cm or more from the site
of inflammation or in contact with the anterior peritoneal
wall in the supine position [20, 23, 24]. Abscess measure-
ments were performed, including the maximal area in the
axial plane and the maximal diameter in the axial, coronal,
and sagittal planes.

Inclusion criteria

The patient cohort consisted of adult (> 18 years of age)
patients who had CT-diagnosed complicated diverticulitis
of the left colon with abscess formation (CT scan Hinchey
Ib-IIb and WSES Ib-Ila diverticular abscesses, with or with-
out localized pericolic extraluminal air) and who received
initial non-operative treatment, being either antibiotics alone
or antibiotics with percutaneous drainage of the abscess.
For multiple recurrent cases for the same patient, only the
first case treated was included in the database. The decision
to focus solely on patients experiencing their first episode
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of acute diverticulitis with abscess formation was informed
by a thorough review of the literature, according to which
the number of prior episodes of acute diverticulitis predicts
severity, with patients presenting for the first time having
more severe disease than those with recurrent presentations
[25-28].

To be included in the present study, patients had to show
haemodynamic stability at hospital admission and no clini-
cal or radiological evidence of diffuse peritonitis.

Exclusion criteria

Patients were excluded from this study if they had perfo-
rated diverticulitis with diffuse (CT scan Hinchey III or IV,
WSES stage IV) abdominal fluid at the CT scan or clini-
cally assessed generalised peritonitis. Patients who received
emergency surgery within 24 h after presentation were also
excluded. Patients with a final diagnosis other than diverticu-
lar abscess, including those diagnosed with colonic cancer
mimicking acute diverticulitis with abscess intraoperatively
or after routine follow-up, were also excluded.

Definition of outcomes

The primary study endpoint was the occurrence of non-
operative treatment failure, defined as failure whenever a
patient required emergency surgery or died due to abdom-
inal sepsis during the hospital stay despite the planned
non-operative treatment. The non-operative treatment was
defined as successful when the acute infective condition
was resolved conservatively, with the regression of symp-
toms and the normalization of inflammatory indexes, and
the patient was discharged without the need for surgical
intervention. Clinical definitions of non-operative treat-
ment failure included at least one of the following: the
occurrence of diffuse peritonitis, septic shock, increased
size of the abscess at the follow-up CT scan, presence of
four-quadrant free abdominal fluid at the follow-up CT
scan, or lack of dimensional improvement of the abscess
at the follow-up CT scan. Follow-up CT scans were per-
formed during the index hospital admission. In all cases, in
order to define the failure of conservative therapy, patient's
clinical deterioration had to be documented.

Patients with planned colorectal resection for compli-
cated acute diverticulitis after the success of non-opera-
tive treatment were excluded. Any adverse events after
the discharge date (readmission, radiologic interventions,
surgical intervention, and mortality) were not considered
failures of non-operative treatment.

The secondary outcome was the recurrence of acute
diverticulitis requiring hospital readmission within 90 days
after discharge (within 30 days or after 30 days from the
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index episode). Admissions for elective operations were
excluded from this outcome. In-hospital morbidity (infec-
tions, surgical complications, adverse drug reactions) was
graded based on severity according to the Clavien-Dindo
classification, based on the number of patients with at least
one complication [29]. Although policies for percutane-
ous drainage placement may differ from centre to centre,
guidelines for establishing the correct indication of the
procedure were followed in the participating sites [5, 10].

After the initial attempt of conservative treatment
with antibiotics plus/minus percutaneous drainage, if the
patient required emergency surgery, a consultant-level
on-call surgeon decided to operate based on the clinical
condition, laboratory parameters, and radiological findings
suggestive of patient deterioration, clinical worsening, or
not improving conditions. The reasons for the decision to
operate were registered in the clinical notes and translated
into the database. The > 30 days patient follow-up was
conducted by contacting the patients via telephone and
obtaining all the pertinent clinical notes on eventual fur-
ther episodes of recurrent sigmoid diverticulitis requiring
hospital admission after the initial non-operative approach.

Statistics

Statistical analysis was performed using SPSS® Statistics
version 26 (IBM, Armonk, NY, USA). Descriptive and infer-
ential statistics were provided for all previously mentioned
variables. Distribution was examined by the Shapiro—Wilk
test. Continuous variables were presented as mean or median
values with standard deviation (or interquartile range IQR)
with differences between groups assessed by the Student's
T-test or Mann—Whitney U test. Patients were categorized
based on the presence or absence of non-operative treatment
failure. Categorical variables were presented in frequency
tables, and statistical differences between groups were deter-
mined through Chi-square linear-by-linear association, Pear-
son X°, or Fisher exact test.

Differences in patient baseline and disease characteris-
tics between subjects with and without non-operative treat-
ment failure were assessed to identify risk factors for the
outcomes. Univariable logistic regression analyses were
performed to calculate crude odds ratios (ORs) with 95%
confidence intervals (95% CI). Independent variables reach-
ing a cut-off P value of <0.05 at univariable analysis were
considered for inclusion in multivariable logistic regression
models. Continuous variables were transformed into dicho-
tomic variables to provide a clear cut-off value by imple-
menting the Youden index.

Multivariable logistic regression models under different
methods (backward, forward, stepwise selection) were cre-
ated to determine the independent risk factors for failure of
non-operative treatment and recurrence. A P value <0.05
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was considered statistically significant. Multiple imputa-
tion and Maximum Likelihood Estimation (MLE) methods
were implemented to impute missing data, avoid selection
bias, and assess the potential impact of missing data on the
results. Data were assumed to be missing at random. Model
goodness-of-fit was evaluated, and multicollinearity among
variables was assessed. Sensitivity analyses restricting the
analysis to cases of abscess >5 cm and CT scan Hinchey IIb
stage diverticulitis were implemented.

Results

A search for the International Classification of Diseases,
9th revision, codes 562.11, 562.13, 567.22, 567.38, 569.5
(acute diverticular disease of the bowel) was performed
in the electronic patient files. The query for 2018-2022
produced 5,834 patients treated for diverticular disease
at the twelve participating hospitals. Patients diagnosed
with acute diverticulitis of the left colon were selected.
Screening of electronic patient records identified 2.884
patients with CT scan-verified acute colonic diverticuli-
tis. Of these, 480 had CT-verified Hinchey Ib or Hinchey
ITa/b diverticular abscesses according to the classifica-
tions by Wasvary et al. [30], Sher et al. [31], and WSES
(World Society of Emergency Surgery) Ib-Ila acute diver-
ticulitis [5].

Fifty-one patients with diverticular abscesses were
submitted to emergency surgical treatment on admission,
and they were excluded from the present analysis; 429

patients with diverticular abscesses treated conservatively
were finally included in this study (Fig. 1).

Study population, imaging characteristics,
and disease-specific characteristics

Patient and disease characteristics of the study cohort
and the modality of non-operative treatment (antibiot-
ics alone or antibiotics and percutaneous drainage) are
shown in Table 1. Twenty-six (6.07%) were CT scan
Hinchey Ib, 226 (52.68%) were CT scan Hinchey Ila,
and 171 (39.86%) were CT scan Hinchey IIb patients.
The mean abscess diameter on the CT scan was 41.17
mm (+25.97). Abscesses were further stratified into the
following three groups: <3 cm (196 patients, 45.68%),
3-5 cm (124 patients, 28.90%), and > 5 cm (109 patients,
25.30%) to obtain more homogeneous samples for further
sensitivity analyses.

Most patients (378 patients, 88.12%) were initially
treated with antibiotics alone; 27 patients (6.29%) and
24 patients (5.59%) were submitted to CT-guided and
Ultrasound-guided percutaneous drainage, respectively.

Clinical outcomes

Failure of conservative treatment occurred for 116 patients
(27.04%) (Table 2). A mortality rate of 0.69% was observed,
corresponding to three patients. Detailed analysis revealed
one fatality attributed to pneumonia, while the remaining

Assessed for eligibility

Identification Enroliment period: 01/01/2018 - 31/12/2022

N= 5,834 Patients with diverticular disease

Excluded

N= 2,950 Patients with colonic
diverticulosis or other disease

Screening

Screening N= 2,884 Patients with CT scan-verified
acute diverticulitis of the left colon

Excluded

N= 2,404 Patients with uncomplicated diverticulitis

or disease stages other than modified Hinchey Ib-lib

or WSES* Ib-lla

N= 480 Patients with CT scan-verified diverticular abscess

modified Hinchey Ib-llb or WSES* Ib-lla Excluded

N= 51 Patients submitted to
emergency surgical treatment on

Included admission

m N= 429 Patients with CT scan-verified diverticular abscess
modified Hinchey Ib-llb or WSES* Ib-lla

m treatment failure

Primary outcome: Non-operative

Failure

N= 116 (27.04%) Patients N= 313 (72.96%) Patients

Success

Fig.1 STROBE flow diagram of the study enrollment process

* World Society of Emergency Surgery
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Table 1 Baseline characteristics and modality of non-surgical management of the patients who underwent non-operative treatment with antibiot-

ics and antibiotics plus percutaneous drainage

Variable mean +SD or N. (%)

Missing data Results

Age (years) Mean +SD

Body Mass Index (BMI) (Kg/mz)

Charlson Comorbidity Index

White Blood Cells (WBC)x 10*/ul

CRP (C-reactive Protein) (mg/1)

Creatinine (mg/dl)

Hemoglobin (mg/l)

Platelets x 10%/pl

Procalcitonin ng/ml

Body temperature (°C)

Systolic blood pressure (mmHg)

Heart rate

Abscess diameter (maximum) on CT scan (mm)

Time between the start of the antibiotic therapy and failure (days)

Time between the beginning of symptoms and the hospital admis-
sion

Time spent in the Emergency Department (minutes)

Number of previous episodes of acute diverticulitis

Number of abscesses on CT scan

Hinchey CT scan classification (modified by Sher et al. and Was-
vary et al.)

Number of air bubbles inside the abscess

Time of hospital admission

N. of cases treated/year

Immunodeficiency (Congenital/Acquired)
Diabetes

Chronic Kidney Disease
Dialysis

Leukopenia

Active tumor

AIDS

Steroid therapy
Chemotherapy
Immunotherapy

Chronic cardiac failure
Chronic pulmonary failure
Obesity

Coagulopathy

372
140
148

21
313

160

96

O O O O O O o0 oo o o o oo

61.46+14.02; 95%CI 60.69-60.13
26.81+3.79; 95%CI 27.17-26.45
2.02+2.22; 95%CI 2.23-1.81

13.63 +4.28; 95%CI 14.04-13.23
114.30+79.53; 95%CI 121.83-106.78
1.010+0.44; 95%CI 1.05-0.97
13.00+1.68; 95%CI 13.87-12.83
269.92+90.12; 95%CI 278.97-260.87
3.62 (1.39 IQR); 95%CI 7.35-0.09
37.29+0.93; 95%CI 37.38-37.20
132.82+19.24; 95%CI 135.04-130.60
83.51+16.67; 95%CI 85.46-81.56
41.17+25.97; 95%CI 43.69-38.65
6.28 +6.03; 95%CI 7.38-5.19
3.46+2.69; 95%CI 3.71-3.20

433.66 (291.10 IQR); 95%CI 526.82-340.51
No previous episodes 278 (64.80%)

1 previous episode 107 (24.94%)

> 1 previous episodes 44 (10.26%)
1 abscess 386 (89.98%)
2 abscesses 36 (8.39%)

> 2 abscesses 7 (1.63%)
Hinchey Ib 26 (6.06%)
Hinchey Ila 226 (52.68%)
Hinchey IIb 177 (41.26%)
No bubble 271 (63.17%)
1 bubble 80 (20.51%)
> 1 bubble 70 (16.32%)
06.01-12.00 101 (23.54%)
12.01-18.00 94 (21.91%)
18.01-23.59 94 (21.91%)
00.00-06.00 44 (10.26%)
<10/year 115 (26.8%)
> 10/year 314 (73.2%)
5 (1.16%)

39 (9.09%)

19 (4.42%)

2 (0.46%)

0 (0%)

3(0.69%)

0(0%)

17 (3.96%)

2 (0.46%)

3 (0.69%)

13 (3.03%)

6 (1.39%)

69 (16.08%)

5(1.16%)
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Table 1 (continued)

Variable mean+SD or N. (%)

Missing data Results

High blood pressure (hypertension)

Chronic Obstructive Pulmonary Disease (COPD)
Tobacco smoking

Alcohol abuse

Clostridium Difficile infection

Abscess diameter <3 cm

Abscess diameter 3—5 cm

Abscess diameter > 5 cm

World Society of Emergency Surgery (WSES) CT scan Ib
World Society of Emergency Surgery (WSES) CT scan Ila
Previous episodes of acute diverticulitis

O O O O O O o o o o o

Presence of retroperitoneal bubbles
Presence of distant free air
Presence of free pelvic fluid
CT-guided percutaneous drainage

SO © O © o

Ultrasound-guided percutaneous drainage

168 (39.16%)

20 (4.66%)

112 (26.10%)

15 (3.49%)

2 (0.46%)

196 (45.68%)

124 (28.90%)

109 (25.30%)

244 (56.87%)

185 (43.12%)

No previous episodes 278 (64.80%)
107 (24.94%)
44 (10.25%)

1 previous episode

> | previous episode
13 (3.03%)

44 (10.25%)

134 (21.23%)

27 (6.29%)

24 (5.59%)

two fatalities occurred subsequent to unsuccessful rescue
surgeries, performed due to the progression of sepsis in the
wake of non-operative treatment failure.

The mean duration of hospital stay was 11.29 days
(7.34), with a difference between the patients who experi-
enced failure of the non-operative treatment and those with
success (16.67+9.79 vs 9.30+4.88, P <0.01). In-hospital
morbidity was more frequent in the failure group than in
the success group, with most complications classified as
Clavien-Dindo I-IITa in the general analyses (Supplemen-
tary Table 1). A total of 116 patients required emergency
surgery due to non-operative treatment failure and clinical
deterioration (mean time between the start of the antibiotic
therapy and failure 6.28 +6.03 days), with a total of 126
surgical operations registered. The indication for emer-
gency surgery was the occurrence of diffuse acute perito-
nitis during conservative treatment (37.93%), septic shock
(11.20%), increased size of the abscess at the follow-up CT
scan (19.82%), presence of four-quadrant free abdominal
fluid at the follow-up CT scan (1.72%), and lack of dimen-
sional improvement of the abscess at the follow-up CT scan
accompanied by clinical deterioration (29.33%).

After discharge, early recurrence (within 30 days from
the discharge) was detected in five cases (1.16%), whereas
symptomatic recurrence of acute diverticulitis beyond
30 days was reported for 30 patients (6.99%).

Correlation analyses

Risk factors for conservative treatment failure
and emergency surgery

Results of the univariable analysis are reported in Supple-
mentary Table 1. The results of the multivariable logistic
regression analysis of non-operative treatment failure are
summarized in Supplementary Table 2 and Fig. 2. Within
the stepwise models, CT scan Hinchey classification IIb
(aOR 3.62, 95%CI 2.00;5.56, P <0.01), tobacco smoking
(aOR 2.72,95%CI1 1.45;5.11, P <0.01), WBC count > 15
(x 10% p/1) (aOR 1.86, 95%CI 1.01;3.41, P=0.04), and
presence of air bubbles inside the abscess (aOR 1.82,
95%CI 1.00;3.13, P =0.04) were predictive of non-oper-
ative treatment failure. These findings were confirmed in
the conventional model, where CT scan Hinchey classifi-
cation IIb (aOR 2.54, 95%CI 1.61;4.01, P <0.01), tobacco
smoking (aOR 2.01, 95%CI 1.24;3.25, P <0.01), pres-
ence of air bubbles inside the abscess (aOR 1.59, 95%CI
1.00;2.52, P=0.04), and centres treating more than 10
cases per year (aOR 2.88, 95%CI 1.18;7.05, P=0.02)
resulted to be independent predictors of failure of the
non-operative treatment.
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Table 2 Clinical outcomes of the patients who underwent non-operative treatment with antibiotics and antibiotics plus percutaneous drainage

Variable Mean + SD or N. (%)

Missing data Results

Length of antibiotic therapy (days) 204 8.73 +3.68; 95%C1 9.21-8.25
Length of hospital stay (days) 3 11.29+7.34; 95%CI 11.99-10.60
In-hospital morbidity 0 No morbidity 360 (86.25%)
Clavien-Dindo I 19 (4.43%)
Clavien-Dindo 11 20 (4.66%)
Clavien-Dindo Illa 7 (1.63%)
Clavien-Dindo IIIb 12 (2.80%)
Clavien-Dindo I'Va 1(0.23%)
Clavien-Dindo IVb -
Symptomatic acute diverticulitis recurrence <30 days 0 5(1.16%)
Symptomatic acute diverticulitis recurrence > 30 days 0 30 (6.99%)
(to 90-day follow-up)
Characteristics of the diverticulitis recurrence (if any) 0 No recurrence 394
Obstruction 4 (11.42%)
Abscess 19 (54.29%)
Perforation 12 (34.29%)
Failure of the conservative treatment 0 116 (27.04%)
Reason for failure 313 Acute diffuse peritonitis 44 (37.93%)
Septic shock 13 (11.20%)
Increased size of the abscess at the follow-up CT scan 23 (19.82%)
Four quadrant free abdominal fluid at the follow-up CT 2 (1.72%)
scan
Lack of dimensional improvement at the follow-up CT 34 (29.33%)
scan
In-hospital mortality 0 3 (0.69%)
Treatment of the failure: Laparoscopic lavage 0 16 (13.79%)
Treatment of the failure: Hartmann resection 0 42 (36.20%)
Treatment of the failure: Colorectal resection with 0 58 (50.0%)
primary anastomosis
Treatment of the failure: Colorectal resection with open 0 10 (8.62%)
abdomen
Fig.2 Multivariable analysis Oy .
of risk factors for conserva- !
tive treatment failure (general |
population) |
Tobacco smoking ‘E @
Presence of air bubbles inside the abscess ;—.7
N. of cases treated/year >10 E °
]‘. 2 3 4 5 6 7
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Fig.3 Multivariable analysis

. . Alcohol abuse
of risk factors for conservative

treatment failure (subgroup:
abscesses>5 cm)

Tobacco smoking

Age <40 years

0.0 0.5

Risk factors for recurrence of acute diverticulitis
during the follow-up

A phone call follow-up was performed in 308 cases. Five
patients in the study population (1.16%) experienced an
early recurrence of symptomatic acute diverticulitis and a
second hospitalisation within 30 days from hospital dis-
charge. Results of the univariable and multivariable analyses
are summarized in Supplementary Table 3. Thirty patients in
the study population (6.99%) experienced a late recurrence
of symptomatic acute diverticulitis and a second hospitali-
sation beyond 30 days (to 90-day follow-up) from hospital
discharge. Regarding late recurrence after 30 days from hos-
pital discharge, at the multivariable analysis, the number of
previous episodes of acute diverticulitis increased the risk of
recurrence and re-hospitalisation: previous episodes in gen-
eral (aOR 11.04, 95%CI 1.92;3.87, P<0.01), one previous

Fig.4 Multivariable analysis

Tobacco smoking

L

1.0 1.5 2.0 2.5 3.0 3.5
Adjusted Odds Ratio (aOR)

episode (aOR 5.79, 95%CI 1.77;2.74, P <0.01) and more
than one previous episode (aOR 7.04, 95%CI 1.76;3.13,
P=0.01) were the most relevant independent predictors of
late recurrence (Supplementary Table 4).

Sensitivity analyses
Abscess>5 cm

The analysis of predictive risk factors for non-opera-
tive treatment failure in the subgroup of patients with
abscesses >5 cm at CT scan is shown in Supplementary
Tables 5 and 6. In this subgroup of patients, 44 (40.74%)
experienced failure of non-operative treatment. The results
of the multivariable logistic regression analysis of non-oper-
ative treatment failure are shown in Fig. 3. Within the step-
wise models, age <40 years (aOR 1.18, 95%CI 1.05;3.32,

of risk factors for conservative
treatment failure (subgroup: CT
scan Hinchey IIb)

Presence of distant free air

Age (Years)

Systolic blood pressure

— _..___________.____________ ————— e ]

2 3 4 5 6
Adjusted Odds Ratio (aOR)
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P=0.04) was the only independent risk predictor of non-
operative treatment failure. This result was confirmed in the
conventional model (aOR 1.64, 95%CI 1.33;3.58, P=0.01).
Tobacco smoking showed a minor positive prediction role
within one of the stepwise models (aOR 1.35, 95%CI
1.14;1.85, P=0.04).

CT scan Hinchey lIb stage

The analysis of predictive risk factors for non-operative
treatment failure in the subgroup of patients with CT scan
Hinchey IIb stage disease is shown in Supplementary
Tables 7 and 8. In this subgroup of patients, 67 (39.18%)
experienced failure of non-operative treatment.

The results of the multivariable logistic regression anal-
ysis of non-operative treatment failure are summarized in
Fig. 4. Within the stepwise models, age <40 years (aOR
1.29, 95%CI 1.07;1.85, P=0.02), tobacco smoking (aOR
2.75,95%CI 1.10;6.47, P=0.04) and systolic blood pres-
sure (aOR 1.02, 95%CI 1.00;1.05, P =0.02) were independ-
ent risk predictors of non-operative treatment failure. The
conventional multivariable model confirmed that tobacco
smoking (aOR 2.55, 95%CI 1.01;6.46, P=0.04) and systolic
blood pressure (aOR 1.02, 95%CI 1.01;1.04, P =0.04) were
predictive factors of non-operative treatment failure.

The role of percutaneous drainage

Image-guided percutaneous drainage was placed in 51
patients (11.88%), of which 27 patients (6.29%) were CT-
guided, and 24 patients (5.59%) were Ultrasound-guided.
In the subset of patients with abscesses >5 cm at CT scan,
percutaneous drainage was not associated with the outcome
of non-operative treatment (aOR 2.78, 95%CI — 0.66;3.70,
P=0.23) and symptomatic recurrence of acute diverticuli-
tis beyond 30 days from the discharge (aOR 2.36, 95%CI
—4.45;4.49, P=0.99). Percutaneous drainage showed no
significant impact on the length of hospital stay (aOR 1.00,
95%CI — 0.15;1.17, P=0.92), and the length of antibiotic
therapy (aOR 1.01, 95%CI — 0.23;1.26, P=0.90) (Table 3).

Missing data

Among all candidate predictors in the multivariable models,
only heart rate (148 missing values, 34.49%) and systolic
blood pressure (140 missing values, 32.63%) had missing
data. Sensitivity analyses of the non-imputed data showed
similar results for the primary and secondary outcomes.

Discussion

Over the years, treatment strategies for acute diverticulitis
with abscess formation have gradually shifted from acute
surgery to non-operative management comprised of antibi-
otic therapy with or without percutaneous drainage. A recent
systematic review and meta-analysis by Fowler et al. [32]
found that the failure rates following non-operative manage-
ment of diverticular abscess did not significantly decrease
over the past three decades. Within this context, identify-
ing risk factors for failure can indicate which patients' care-
ful supervision is necessary to avoid further complications
through a septic progression of the disease.

This multicentre observational study conducted in twelve
high-volume Italian surgical units for emergency surgery
indicates that non-operative treatment with antibiotics alone
or with the placement of a CT- or Ultrasound-guided percu-
taneous drainage is an effective strategy in avoiding emer-
gency surgery for patients with diverticular abscess. The
results of our study showed success rates of 72.96% in the
general population of patients with diverticular abscess, in
line with the results of previous studies [17, 33].

Previous studies suggest that patients presenting for the
first time typically exhibit more severe disease manifesta-
tions than those with recurrent episodes [25, 26]. Addition-
ally, the literature indicates that complications such as perfo-
ration or complicated diverticulitis occur more frequently in
patients during their initial episode compared to subsequent
occurrences [27, 28]. Given this evidence, we believe that
our study's focus on the initial episode of acute diverticulitis
with abscess formation allows for a more precise assessment

Table 3 Multivariable analysis

Variable Adjusted Odds P value 95% confi-
of the role of percutaneous Ratio (aOR) dence interval
drainage for patients with (CI)
diverticular abscesses >5 cm
on clinical outcomes (failure of Abscesses > 5 cm
non—o.pe.rat.lve treatment, length Failure of the non-operative treatment 2.78 0.23 —0.66;3.70
of antibiotic therapy, length of o
hospital stay, and recurrence of Length of antibiotic therapy 1.01 0.90 —0.23;1.26
acute diverticulitis) Length of hospital stay 1.00 0.92 —0.15;1.17

Symptomatic acute diverticulitis recurrence <30 days 2.77 0.99 - 7.73;1.77

Symptomatic acute diverticulitis recurrence > 30 days (to  2.36 0.99 —4.45:4.49

90-day follow-up)
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of the condition's severity and the effectiveness of the treat-
ment approaches under investigation.

Despite lacking high-quality evidence, international
guidelines recommend percutaneous drainage according to
abscess size [5, 10, 34]. A diverticular abscess diameter of
5 cm is generally accepted as a cut-off determining whether
percutaneous drainage is suggested in addition to antibiot-
ics [5]. Our findings reflect a percutaneous drainage rate
appearing low (11.88%) compared with the range reported
in the literature, which varies from 24 to 48% [33, 35] for
CT scan Hinchey II abscesses. This variability can largely be
attributed to the nature of the evidence guiding these recom-
mendations, which stems from small-scale, non-randomised
studies. The lack of large, definitive randomised controlled
trials in this area has led to considerable heterogeneity in
clinical practice, as reflected in our study population.

In our study, percutaneous drainage combined with anti-
biotics as a treatment for abscesses larger than 5 cm did not
offer clear advantages in the short- and long-term success
of the non-operative treatment compared with only anti-
biotics. Some published studies have corroborated these
outcomes. Ocaifia et al. [35] showed that the modality of
initial non-operative management did not appear to be inde-
pendently associated with treatment failure and emergency
surgery. However, in their study, in a stratified analysis by
initial treatment and abscess size, a higher risk of emergency
surgery was reported in the antibiotics alone group com-
pared with percutaneous drainage in patients with>6 cm
abscesses. Elagili et al. [13] found that 21% of treatments
with antibiotics alone failed as initial treatment compared
with 18% of the percutaneous group, without statistical dif-
ference. Similarly, Mali et al. [33] showed an equivalent
non-operative treatment failure rate between antibiotics
and percutaneous drainage in a cohort of 241 patients with
abscesses of 4 cm or more. Lambrichts et al. [19], in a large
cohort of 447 patients, showed a significantly higher rate of
conservative treatment failure and subsequent emergency
surgery in the percutaneous drainage group (13.9%) than in
the antibiotics alone group (7.2%). In the present study, the
advantageous role of positioning a percutaneous drain in
decreasing the failure rate of non-operative treatment and
recurrences of acute diverticulitis was not demonstrated,
both in the general population and in patients with abscesses
larger than 5 cm in size.

Confounding by indication of initial treatment cannot be
ruled out from our analysis, and the differences could pri-
marily reflect disease, comorbidity, and clinical severity at
admission. Our study, however, confirmed that for abscesses
larger than 5 cm, it can still be debated which treatment
strategy is most appropriate. To research the potential role
of percutaneous drainage, its probable impact on the length
of hospital stay and the duration of antibiotic therapy was
explored. No association with these outcomes was observed

on multivariable analysis. These results, which must be
interpreted within the limitations related to the retrospec-
tive study design and, therefore, the potential selection bias
resulting from it, call for the need to investigate more in
detail the role of image-guided percutaneous drainage in
patients with diverticular abscess through the design of pos-
sibly randomised, multicentre studies with large series of
homogeneous populations.

The recurrence rate in our study was in line with those
reported in the recent literature (10-55%) [36]. This wide
range of recurrence rates may be attributed to varying
lengths of follow-up, as longer follow-up is associated with
increasing recurrence rate [37]. Al-Masrouri et al. [38]
reported the incidence of readmission for treatment failure
in the general population with acute diverticulitis to be 6.6%
at 90-day follow-up. However, they reached 12.5% among
patients with an index presentation of complicated diverticu-
litis, and an index episode of complicated diverticulitis was
the strongest risk factor for treatment failure.

It seems clear that the decision to treat patients with
diverticular abscesses conservatively should not be based
solely on abscess size or CT scan Hinchey stage, but other
patient and disease characteristics should be considered. The
role of age in the evolution of complicated diverticulitis,
especially in the subgroup of patients with abscesses larger
than 5 cm, was highlighted by our study. The data showed
how young age was an independent risk factor for the failure
of non-operative treatment, although these results may be
affected by a selection bias. Indeed, despite the pre-specified
criteria for the definition of conservative treatment failure
provided in the study protocol, the threshold for establish-
ing the failure of non-operative treatment and subsequent
emergency surgery in younger patients may have been lower
than in older patients.

Last, from the results of our study comes the need to
emphasize the impact of some habits, including tobacco
smoking, on the probability of failure of non-operative
treatment. Several studies have investigated the associa-
tion between smoking and acute diverticulitis. Our data
are in line with those from published studies, which
demonstrated that tobacco smoking is associated with a
higher risk of conservative treatment failure in patients
with diverticular abscesses [39-41]. Recently, a single-
centre cohort study by Murzi et al. on 71 patients with CT
scan Hinchey II diverticular abscess found that tobacco
smoking was the only independent predictor of conserva-
tive treatment failure [18]. Tobacco smoking can be a
pathogenetic and prognostic factor through several mecha-
nisms. Firstly, nicotine acts by inhibiting cytokines (IL-1
and TNF) and leukocytes, reducing collagen formation,
causing an increase in intraluminal pressure with impaired
blood flow to the colonic mucosa and increasing tissue
permeability. Such mechanisms can favour the evolution
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towards perforation and increase inflammation, favouring
endothelial dysfunction and reducing the blood oxygen
supply [42-44].

Patients with Hinchey stage IIb disease have a relevant
risk of failure of the non-operative strategy, as reported in
previous studies [32], and they should probably be consid-
ered for upfront operative management. Notably, in the gen-
eral multivariable analysis of our study, CT scan Hinchey
IIb disease stage and tobacco smoking were shown to have
the same prognostic impact on the failure of non-operative
therapy, the first with an aOR of 2.54, and the second with
an aOR of 2.01.

Our experience has shown how, even in the subgroup
of patients with CT scan Hinchey IIb stage, age <40 years
and tobacco smoking were the strongest independent fac-
tors predictive of failure of non-operative treatment. This
aligns with previous reports where patients with larger
abscesses and more advanced stages of diverticulitis may
have a higher likelihood of treatment failure and require
surgical intervention [5]. While the effectiveness and pre-
dominant role of non-operative therapy with antibiotics
alone, or antibiotics and CT- or Ultrasound-guided per-
cutaneous drainage in patients with diverticular abscess
is recognised, the results of this study allow for the focus
on predictive risk factors of failure of the non-operative
treatment, primarily tobacco smoking, to be shifted. In
light of our findings, it becomes evident that the success
of non-operative treatment for diverticular abscesses is
not solely contingent on disease-specific characteristics
but also significantly influenced by patient-related fac-
tors, notably lifestyle habits such as tobacco smoking. This
insight underscores the necessity of incorporating smoking
status into the clinical decision-making process when eval-
uating the suitability of non-operative treatment for this
patient subgroup. The augmented risk of non-operative
treatment failure and septic progression in patients with
stage IIb Hinchey diverticulitis, especially among younger
individuals who smoke, advocates a more cautious, per-
sonalized treatment strategy that considers smoking status
as a critical factor.

Furthermore, our results focus on some subgroups of
patients, such as young people under 40 years of age and
patients with CT scan Hinchey stage IIb diverticulitis, for
whom close follow-up is required after the start of non-oper-
ative treatment, in order to identify the clinical and labora-
tory signs of failure of the conservative strategy as early as
possible, to be able to quickly implement all surgical rescue
measures and prevent the appearance of fatal complications
of abdominal sepsis [45].

While this large multicentre retrospective cohort study
offers valuable insights into various aspects of non-operative
treatment strategies of patients with diverticular abscess, it
also comes with several inevitable limitations associated
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with a retrospective study design and the characteristics of
the practice at the participating centres, which introduces the
potential for selection bias and confounding by indication.
An inherent limitation of our study pertains to the thresh-
old for establishing failure of non-operative treatment and
the subsequent decision to proceed with emergency surgery.
Despite our efforts to delineate precise criteria for the defini-
tion of treatment failure, we acknowledge that the ultimate
decision to transition from non-operative to surgical man-
agement is influenced by individual surgeon behaviour and
clinical judgment. This variability reflects the complex,
multifaceted nature of clinical decision-making in acute
diverticulitis cases, where surgeons must weigh the spe-
cific clinical presentation, patient preferences, and evolv-
ing standards of care. Moreover, variability in healthcare
practices, patient populations, and data collection methods
among different centres can have introduced heterogeneity
between hospital differences in treatment, firstly regarding
the reasons for choosing percutaneous drainage, potentially
affecting the study's external validity. Another possible bias
is the potential risk of missing data, as the availability of
variables and outcomes data depends on the completeness
of medical records. Within this context, multiple imputation
methods were used to prevent selection bias introduced by
missing data for certain variables. Despite these limitations,
this large multicentre retrospective cohort study can provide
valuable insights into treatment patterns and the occurrence
of a rare event, such as the failure of non-operative treatment
of diverticular abscess.

In conclusion, a non-operative approach is successful in
most patients with diverticular abscesses. The success of
non-operative treatment is dependent not only on disease-
specific characteristics but also on patient-related factors,
including the individual patient's habits, clinical condition,
and response to treatment. The role of tobacco smoking as
an independent predictor of failure of non-operative therapy
of acute diverticulitis complicated by diverticular abscesses
reported in this large multicentre study highlights the impor-
tance of prevention.

It is crucial to monitor patients with stage IIb CT scan
Hinchey diverticulitis undergoing non-operative treatment
with caution due to the augmented risk of non-operative
treatment failure and septic progression in this subgroup of
patients, especially if they are young and tobacco smokers.
The results of this study could improve surgical decision-
making in these patients, although prospective studies need
to confirm the external validity of our findings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-024-10793-z.

Acknowledgements None.


https://doi.org/10.1007/s00464-024-10793-z

Surgical Endoscopy

Author contributions Mauro Podda: Conceptualization, data cura-
tion, formal analysis, investigation, methodology, project adminis-
tration, supervision, validation, original draft preparation, reviewing
and editing; Marco Ceresoli: Data curation, investigation, methodol-
ogy, original draft preparation, reviewing and editing; Marcello Di
Martino: Formal analysis, investigation, methodology, original draft
preparation, reviewing and editing; Monica Ortenzi: Data curation,
investigation, methodology, original draft preparation, reviewing and
editing; Gianluca Pellino: Formal analysis, investigation, method-
ology, original draft preparation, reviewing and editing; Francesco
Pata: Formal analysis, investigation, methodology, original draft
preparation, reviewing and editing; Benedetto Ielpo: Formal analy-
sis, investigation, methodology, original draft preparation, review-
ing and editing; Valentina Murzi: Data curation, formal analysis,
investigation, methodology, original draft preparation, reviewing and
editing; Andrea Balla: Data curation, investigation, methodology,
original draft preparation, reviewing and editing; Pasquale Lepiane:
Data curation, investigation, methodology, original draft preparation,
reviewing and editing; Nicolo' Tamini: Data curation, investigation,
methodology, original draft preparation, reviewing and editing; Giulia
De Carlo: Data curation, investigation, methodology, original draft
preparation, reviewing and editing; Alessia Davolio: Data curation,
investigation, methodology, original draft preparation, reviewing and
editing; Salomone Di Saverio: Data curation, investigation, methodol-
ogy, original draft preparation, reviewing and editing; Luca Cardinali:
Data curation, investigation, methodology, original draft preparation,
reviewing and editing; Emanuele Botteri: Data curation, investigation,
methodology, original draft preparation, reviewing and editing; Nereo
Vettoretto: Data curation, investigation, methodology, original draft
preparation, reviewing and editing; Pier Paolo Gelera: Data curation,
investigation, methodology, original draft preparation, reviewing and
editing; Belinda De Simone: Data curation, investigation, method-
ology, original draft preparation, reviewing and editing; Antonella
Grasso: Data curation, investigation, methodology, original draft
preparation, reviewing and editing; Marco Clementi: Data curation,
investigation, methodology, original draft preparation, reviewing and
editing; Danilo Meloni: Data curation, investigation, methodology,
original draft preparation, reviewing and editing; Gaetano Poillucci:
Data curation, investigation, methodology, original draft preparation,
reviewing and editing; Francesco Favi: Data curation, investigation,
methodology, original draft preparation, reviewing and editing; Rob-
erta Rizzo: Data curation, investigation, methodology, original draft
preparation, reviewing and editing; Giulia Montori: Data curation,
investigation, methodology, original draft preparation, reviewing and
editing; Giuseppe Procida: Data curation, investigation, methodol-
ogy, original draft preparation, reviewing and editing; Irene Recchia:
Data curation, investigation, methodology, original draft preparation,
reviewing and editing; Ferdinando Agresta: Data curation, investiga-
tion, methodology, original draft preparation, reviewing and editing;
Francesco Virdis: Data curation, investigation, methodology, origi-
nal draft preparation, reviewing and editing; Stefano Piero Bernardo
Cioffi: Data curation, investigation, methodology, original draft prep-
aration, reviewing and editing; Martina Pellegrini: Data curation,
investigation, methodology, original draft preparation, reviewing and
editing; Massimo Sartelli: Data curation, investigation, methodology,
original draft preparation, reviewing and editing; Federico Coccolini:
Data curation, investigation, methodology, original draft preparation,
reviewing and editing; Fausto Catena: Data curation, investigation,
methodology, original draft preparation, reviewing and editing; Ado-
Ifo Pisanu: Data curation, investigation, methodology, original draft
preparation, reviewing and editing.

Funding Open access funding provided by Universita degli Studi di
Cagliari within the CRUI-CARE Agreement. This research has not
received any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Data availability All information is freely available by application to
the Chief Investigator Mauro Podda (Department of Surgical Science,
University of Cagliari).

Declarations

Disclosures Mauro Podda, Marco Ceresoli, Marcello Di Martino, Mon-
ica Ortenzi, Gianluca Pellino, Francesco Pata, Benedetto Ielpo, Val-
entina Murzi, Andrea Balla, Pasquale Lepiane, Nicolo' Tamini, Giulia
De Carlo, Alessia Davolio, Salomone Di Saverio, Luca Cardinali,
Emanuele Botteri, Nereo Vettoretto, Pier Paolo Gelera, Belinda De
Simone, Antonella Grasso, Marco Clementi, Danilo Meloni, Gaetano
Poillucci, Francesco Favi, Roberta Rizzo, Giulia Montori, Giuseppe
Procida, Irene Recchia, Ferdinando Agresta, Francesco Virdis, Stefano
Piero Bernardo Cioffi, Martina Pellegrini, Massimo Sartelli, Federico
Coccolini, Fausto Catena and Adolfo Pisanu have no conflicts of inter-
est or financial ties to disclose.

Consent for publication Not applicable. No patient information is dis-
closed.

Ethical approval No formal ethics approval was required by any of the
ethics committees of the centers involved in this study due to its ret-
rospective, observational design. The local scientific boards approved
the study of the participating hospitals.

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. Ricciardi R, Baxter NN, Read TE, Marcello PW, Hall J, Roberts
PL (2009) Is the decline in the surgical treatment for diverticuli-
tis associated with an increase in complicated diverticulitis? Dis
Colon Rectum 52:1558-1563. https://doi.org/10.1007/DCR.0b013
e3181a90a5b

2. Devaraj B, Liu W, Tatum J, Cologne K, Kaiser AM (2016) Medi-
cally treated diverticular abscess associated with high risk of
recurrence and disease complications. Dis Colon Rectum 59:208—
215. https://doi.org/10.1097/DCR.0000000000000533

3. Loffeld RJ (2016) Long-term follow-up and development of
diverticulitis in patients diagnosed with diverticulosis of the
colon. Int J Colorectal Dis 31:15-17. https://doi.org/10.1007/
$00384-015-2397-1

4. Klarenbeek BR, de Korte N, van der Peet DL, Cuesta MA (2012)
Review of current classifications for diverticular disease and a
translation into clinical practice. Int J Colorectal Dis 27:207-214.
https://doi.org/10.1007/s00384-011-1314-5

5. 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, Demetrashvili

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/DCR.0b013e3181a90a5b
https://doi.org/10.1007/DCR.0b013e3181a90a5b
https://doi.org/10.1097/DCR.0000000000000533
https://doi.org/10.1007/s00384-015-2397-1
https://doi.org/10.1007/s00384-015-2397-1
https://doi.org/10.1007/s00384-011-1314-5

Surgical Endoscopy

10.

11.

12.

13.

Z, De Simone B, Di Marzo F, Di Saverio S, Duane TM, Faro
MP, Fraga GP, Gkiokas G, Gomes CA, Hardcastle TC, Hecker
A, Karamarkovic A, Kashuk J, Khokha V, Kirkpatrick AW, Kok
KYY, Inaba K, Isik A, Labricciosa FM, Latifi R, Leppédniemi
A, Litvin A, Mazuski JE, Maier RV, Marwah S, McFarlane M,
Moore EE, Moore FA, Negoi I, Pagani L, Rasa K, Rubio-Perez I,
Sakakushev B, Sato N, Sganga G, Siquini W, Tarasconi A, Tolo-
nen M, Ulrych J, Zachariah SK, Catena F (2020) 2020 update of
the WSES guidelines for the management of acute colonic diver-
ticulitis in the emergency setting. World J Emerg Surg 15(1):32.
https://doi.org/10.1186/s13017-020-00313-4

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 antibiotic
treatment for a first episode of CT-proven uncomplicated acute
diverticulitis. Br J Surg 104:52-61. https://doi.org/10.1002/bjs.
10309

van de Wall BJM, Stam MAW, Draaisma WA, Stellato R, Bemel-
man WA, Boermeester MA, Broeders IAMJ, Belgers EJ, Tooren-
vliet BR, Prins HA, Consten ECJ, DIRECT Trial Collaborators
(2017) Surgery versus conservative management for recurrent and
ongoing left-sided diverticulitis (DIRECT trial): an open-label,
multicentre, randomised controlled trial. Lancet Gastroenterol
Hepatol 2:13-22. https://doi.org/10.1016/S2468-1253(16)30109-1
Schultz JK, Wallon C, Blecic L, Forsmo HM, Folkesson J, Buch-
wald P, Kgrner H, Dahl FA, @resland T, Yaqub S; SCANDIV
Study Group (2017) One-year results of the SCANDIV rand-
omized clinical trial of laparoscopic lavage versus primary resec-
tion for acute perforated diverticulitis. BrJ Surg 104:1382-1392.
https://doi.org/10.1002/bjs.10567

Bridoux V, Regimbeau JM, Ouaissi M, Mathonnet M, Mauvais F,
Houivet E, Schwarz L, Mege D, Sielezneff I, Sabbagh C, Tuech
1J (2017) Hartmann’s procedure or primary anastomosis for gen-
eralized peritonitis due to perforated diverticulitis: a prospec-
tive multicenter randomized trial (DIVERTI). J Am Coll Surg
225:798-805. https://doi.org/10.1016/j.jamcollsurg.2017.09.004
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,
Campbell K, Francone T, Haggerty SP, Hedrick TL, Stefanidis
D, Truitt MS, Kelly J, Ket H, Dunkin BJ, Pietrabissa A (2019)
EAES and SAGES 2018 consensus conference on acute diverticu-
litis management: evidence-based recommendations for clinical
practice. Surg Endosc 33:2726-2741. https://doi.org/10.1007/
500464-019-06882-z

Hall J, Hardiman K, Lee S, Lightner A, Stocchi L, Paquette IM,
Steele SR, Feingold DL; Prepared on behalf of the Clinical Prac-
tice Guidelines Committee of the American Society of Colon and
Rectal Surgeons (2020) The American Society of colon and rectal
surgeons clinical practice guidelines for the treatment of left-sided
colonic diverticulitis. Dis Colon Rectum 63:728-747

Galetin T, Galetin A, Vestweber KH, Rink AD (2018) Systematic
review and comparison of national and international guidelines
on diverticular disease. Int J Colorectal Dis 33:261-272. https://
doi.org/10.1007/s00384-017-2960-z

Elagili F, Stocchi L, Ozuner G, Kiran RP (2015) Antibiotics alone
instead of percutaneous drainage as initial treatment of large
diverticular abscess. Tech Coloproctol 19:97-103. https://doi.
org/10.1007/s10151-014-1250-9

Elagili F, Stocchi L, Ozuner G, Dietz DW, Kiran RP (2014)
Outcomes of percutaneous drainage without surgery for patients
with diverticular abscess. Dis Colon Rectum 57:331-336.
https://doi.org/10.1097/DCR.0b013e3182a84dd2

Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Brandt D, Gervaz P, Durmishi Y, Platon A, Morel P, Poletti
PA (2006) Percutaneous CT scan-guided drainage vs. antibio-
therapy alone for Hinchey II diverticulitis: a case-control study.
Dis Colon Rectum 49:1533-1538. https://doi.org/10.1007/
$10350-006-0613-3

Durmishi Y, Gervaz P, Brandt D, Bucher P, Platon A, Morel
P, Poletti PA (2006) Results from percutaneous drainage of
Hinchey stage II diverticulitis guided by computed tomogra-
phy scan. Surg Endosc 20:1129-1133. https://doi.org/10.1007/
s00464-005-0574-y

Gregersen R, Mortensen LQ, Burcharth J, Pommergaard HC,
Rosenberg J (2016) Treatment of patients with acute colonic
diverticulitis complicated by abscess formation: a systematic
review. Int J Surg 35:201-208. https://doi.org/10.1016/j.ijsu.
2016.10.006

Murzi V, Locci E, Carta A, Pilia T, Frongia F, Gessa E, Podda
M, Pisanu A (2023) Tobacco smoking is a strong predictor
of failure of conservative treatment in hinchey Ila and IIb
acute diverticulitis-a retrospective single-center cohort study.
Medicina (Kaunas) 59(7):1236. https://doi.org/10.3390/medic
ina59071236

Lambrichts DPV, Bolkenstein HE, van der Does DCHE, Dieleman
D, Crolla RMPH, Dekker JWT, van Duijvendijk P, Gerhards MF,
Nienhuijs SW, Menon AG, de Graaf EJR, Consten ECJ, Draaisma
WA, Broeders IAMJ, Bemelman WA, Lange JF (2019) Multi-
centre study of non-surgical management of diverticulitis with
abscess formation. Br J Surg 106:458—-466. https://doi.org/10.
1002/bjs.11129

Titos-Garcia A, Aranda-Narvaez JM, Romacho-Lépez L,
Gonzalez-Sanchez AJ, Cabrera-Serna I, Santoyo-Santoyo J (2017)
Nonoperative management of perforated acute diverticulitis with
extraluminal air: results and risk factors of failure. Int J Colorectal
Dis 32:1503-1507. https://doi.org/10.1007/s00384-017-2852-2
Vandenbroucke JP, von Elm E, Altman DG, Ggtzsche PC, Mulrow
CD, Pocock SJ, Poole C, Schlesselman JJ, Egger M, STROBE Ini-
tiative (2007) Strengthening the reporting of observational studies
in epidemiology (STROBE): explanation and elaboration. Ann
Intern Med 147:W163-194. https://doi.org/10.7326/0003-4819-
147-8-200710160-00010-w 1

Charlson ME, Sax FL, MacKenzie CR, Braham RL, Fields SD,
Douglas RG Jr (1987) Morbidity during hospitalization: can we
predict it? J Chronic Dis 40:705-712. https://doi.org/10.1016/
0021-9681(87)90107-x

Sallinen VJ, Mentula PJ, Leppidniemi AK (2014) Nonoperative
management of perforated diverticulitis with extraluminal air is
safe and effective in selected patients. Dis Colon Rectum 57:875—
881. https://doi.org/10.1097/DCR.0000000000000083

Colas PA, Duchalais E, Duplay Q, Serra-Maudet V, Kanane S,
Ridereau-Zins C, Lermite E, Aubé C, Hamy A, Venara A (2017)
Failure of conservative treatment of acute diverticulitis with extra-
digestive air. World J Surg 41:1890-1895. https://doi.org/10.1007/
500268-017-3931-9

Tan JP, Barazanchi AW, Singh PP, Hill AG, Maccormick AD
(2016) Predictors of acute diverticulitis severity: a systematic
review. Int J Surg 26:43-52. https://doi.org/10.1016/j.ijsu.2016.
01.005

Chapman JR, Dozois EJ, Wolff BG, Gullerud RE, Larson DR
(2006) Diverticulitis: a progressive disease? Do multiple recur-
rences predict less favorable outcomes? Ann Surg 243:876-830.
https://doi.org/10.1097/01.s1a.0000219682.98158.11

Trenti L, Kreisler E, Galvez A, Golda T, Frago R, Biondo S
(2015) Long-term evolution of acute colonic diverticulitis after
successful medical treatment. World J Surg 39:266-274. https://
doi.org/10.1007/s00268-014-2773-y

Peery AF (2021) Management of colonic diverticulitis. BMJ
24(372):n72. https://doi.org/10.1136/bmj.n72


https://doi.org/10.1186/s13017-020-00313-4
https://doi.org/10.1002/bjs.10309
https://doi.org/10.1002/bjs.10309
https://doi.org/10.1016/S2468-1253(16)30109-1
https://doi.org/10.1002/bjs.10567
https://doi.org/10.1016/j.jamcollsurg.2017.09.004
https://doi.org/10.1007/s00464-019-06882-z
https://doi.org/10.1007/s00464-019-06882-z
https://doi.org/10.1007/s00384-017-2960-z
https://doi.org/10.1007/s00384-017-2960-z
https://doi.org/10.1007/s10151-014-1250-9
https://doi.org/10.1007/s10151-014-1250-9
https://doi.org/10.1097/DCR.0b013e3182a84dd2
https://doi.org/10.1007/s10350-006-0613-3
https://doi.org/10.1007/s10350-006-0613-3
https://doi.org/10.1007/s00464-005-0574-y
https://doi.org/10.1007/s00464-005-0574-y
https://doi.org/10.1016/j.ijsu.2016.10.006
https://doi.org/10.1016/j.ijsu.2016.10.006
https://doi.org/10.3390/medicina59071236
https://doi.org/10.3390/medicina59071236
https://doi.org/10.1002/bjs.11129
https://doi.org/10.1002/bjs.11129
https://doi.org/10.1007/s00384-017-2852-2
https://doi.org/10.7326/0003-4819-147-8-200710160-00010-w1
https://doi.org/10.7326/0003-4819-147-8-200710160-00010-w1
https://doi.org/10.1016/0021-9681(87)90107-x
https://doi.org/10.1016/0021-9681(87)90107-x
https://doi.org/10.1097/DCR.0000000000000083
https://doi.org/10.1007/s00268-017-3931-9
https://doi.org/10.1007/s00268-017-3931-9
https://doi.org/10.1016/j.ijsu.2016.01.005
https://doi.org/10.1016/j.ijsu.2016.01.005
https://doi.org/10.1097/01.sla.0000219682.98158.11
https://doi.org/10.1007/s00268-014-2773-y
https://doi.org/10.1007/s00268-014-2773-y
https://doi.org/10.1136/bmj.n72

Surgical Endoscopy

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dindo D, Demartines N, Clavien PA (2004) Classification
of surgical complications: a new proposal with evaluation in
a cohort of 6336 patients and results of a survey. Ann Surg
240:205-213. https://doi.org/10.1097/01.s1a.0000133083.
54934.ae

Wasvary H, Turfah F, Kadro O, Beauregard W (1999) Same
hospitalization resection for acute diverticulitis. Am Surg
65:632-635; discussion 636

Sher ME, Agachan F, Bortul M, Nogueras JJ, Weiss EG, Wexner
SD (1997) Laparoscopic surgery for diverticulitis. Surg Endosc
11:264-267. https://doi.org/10.1007/s004649900340

Fowler H, Gachabayov M, Vimalachandran D, Clifford R,
Orangio GR, Bergamaschi R (2021) Failure of nonoperative
management in patients with acute diverticulitis complicated
by abscess: a systematic review. Int J Colorectal Dis 36:1367—
1383. https://doi.org/10.1007/s00384-021-03899-6

Mali J, Mentula P, Leppdniemi A, Sallinen V (2019) Deter-
minants of treatment and outcomes of diverticular abscesses.
World J Emerg Surg 14:31. https://doi.org/10.1186/
s13017-019-0250-5

Nagata N, Ishii N, Manabe N, Tomizawa K, Urita Y, Funabiki T,
Fujimori S, Kaise M (2019) Guidelines for colonic diverticular
bleeding and colonic diverticulitis: Japan Gastroenterological
Association. Digestion 99(Suppl 1):1-26. https://doi.org/10.1159/
000495282

Ocaia J, Garcia-Pérez JC, Fernandez-Martinez D, Aguirre I, Pas-
cual I, Lora P, Espin E, Labalde-Martinez M, Leén C, Pastor-Pei-
nado P, Lépez-Dominguez C, Muiioz-Plaza N, Valle A, Dujovne
P, Alias D, Pérez-Santiago L, Correa A, Carmona M, Diez MM,
Timoteo A, Salvans S, Medina RE, Gémez T, Fernandez-Vega L,
Pena E, Garcia-Gonzélez JM, Blanco-Antona F, Fabregues Al,
Sagarra E, Viejo E, Moreno A, Fernandez-Cebrian JM, Die J;
DIPLICAB Study Collaborative Group (2023) Diverticulitis with
abscess formation: outcomes of non-operative management and
nomogram for predicting emergency surgery: the Diplicab Study
Collaborative Group. Surgery 174:492-501. https://doi.org/10.
1016/j.surg.2023.05.016

Jalouta T, Jrebi N, Luchtefeld M, Ogilvie JW Jr (2017) Diverticu-
litis recurrence after percutaneous abscess drainage. Int J Colorec-
tal Dis 32:1367-1373. https://doi.org/10.1007/s00384-017-2825-5
Gaertner WB, Willis DJ, Madoft RD, Rothenberger DA, Kwaan
MR, Belzer GE, Melton GB (2013) Percutaneous drainage of
colonic diverticular abscess: is colon resection necessary? Dis
Colon Rectum 56:622—-626. https://doi.org/10.1097/DCR.0b013
e31828545¢e3

Al-Masrouri S, Garfinkle R, Al-Rashid F, Zhao K, Morin N, Ghit-
ulescu GA, Vasilevsky CA, Boutros M (2020) Readmission for

39.

40.

41.

42.

43.

44.

45.

treatment failure after nonoperative management of acute diver-
ticulitis: a nationwide readmissions database analysis. Dis Colon
Rectum 63:217-225. https://doi.org/10.1097/DCR.0000000000
001542

Gayam V, Koirala S, Garlapati PR, Mandal AK (2021) Outcomes
of diverticulitis in patients with tobacco smoking: a propensity-
matched analysis of nationwide inpatient sample. Int J Colorectal
Dis 36:1033-1042. https://doi.org/10.1007/s00384-020-03805-6
Humes DJ, Ludvigsson JF, Jarvholm B (2016) Smoking and the
risk of hospitalization for symptomatic diverticular disease: a
population-based cohort study from Sweden. Dis Colon Rectum
59:110-114. https://doi.org/10.1097/DCR.0000000000000515
Hjern F, Wolk A, Hikansson N (2011) Smoking and the risk of
diverticular disease in women. Br J Surg 98:997-1002. https://doi.
org/10.1002/bjs. 7477

Zullo A (2018) Medical hypothesis: speculating on the pathogen-
esis of acute diverticulitis. Ann Gastroenterol 31:747-749. https://
doi.org/10.20524/a0g.2018.0315

Niikura R, Nagata N, Akiyama J, Shimbo T, Uemura N (2012)
Hypertension and concomitant arteriosclerotic diseases are risk
factors for colonic diverticular bleeding: a case-control study.
Int J Colorectal Dis 27:1137-1143. https://doi.org/10.1007/
s00384-012-1422-x

Okamoto T, Watabe H, Yamada A, Hirata Y, Yoshida H, Koike K
(2012) The association between arteriosclerosis related diseases
and diverticular bleeding. Int J Colorectal Dis 27:1161-1166.
https://doi.org/10.1007/s00384-012-1491-x

Coccolini F, Sartelli M, Sawyer R, Rasa K, Viaggi B, Abu-Zidan
F, Soreide K, Hardcastle T, Gupta D, Bendinelli C, Ceresoli M,
Shelat VG, Broek RT, Baiocchi GL, Moore EE, Sall I, Podda M,
Bonavina L, Kryvoruchko IA, Stahel P, Inaba K, Montravers P,
Sakakushev B, Sganga G, Ballestracci P, Malbrain MLNG, Vin-
cent JL, Pikoulis M, Beka SG, Doklestic K, Chiarugi M, Falcone
M, Bignami E, Reva V, Demetrashvili Z, Di Saverio S, Tolonen
M, Navsaria P, Bala M, Balogh Z, Litvin A, Hecker A, Wani I,
Fette A, De Simone B, Ivatury R, Picetti E, Khokha V, Tan E, Ball
C, Tascini C, Cui Y, Coimbra R, Kelly M, Martino C, Agnoletti
V, Boermeester MA, De’Angelis N, Chirica M, Biffl WL, Ansa-
loni L, Kluger Y, Catena F, Kirkpatrick AW (2023) Source con-
trol in emergency general surgery: WSES, GAIS, SIS-E. SIS-A
guidelines World J Emerg Surg 18(1):41. https://doi.org/10.1186/
s13017-023-00509-4

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

@ Springer


https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1007/s004649900340
https://doi.org/10.1007/s00384-021-03899-6
https://doi.org/10.1186/s13017-019-0250-5
https://doi.org/10.1186/s13017-019-0250-5
https://doi.org/10.1159/000495282
https://doi.org/10.1159/000495282
https://doi.org/10.1016/j.surg.2023.05.016
https://doi.org/10.1016/j.surg.2023.05.016
https://doi.org/10.1007/s00384-017-2825-5
https://doi.org/10.1097/DCR.0b013e31828545e3
https://doi.org/10.1097/DCR.0b013e31828545e3
https://doi.org/10.1097/DCR.0000000000001542
https://doi.org/10.1097/DCR.0000000000001542
https://doi.org/10.1007/s00384-020-03805-6
https://doi.org/10.1097/DCR.0000000000000515
https://doi.org/10.1002/bjs.7477
https://doi.org/10.1002/bjs.7477
https://doi.org/10.20524/aog.2018.0315
https://doi.org/10.20524/aog.2018.0315
https://doi.org/10.1007/s00384-012-1422-x
https://doi.org/10.1007/s00384-012-1422-x
https://doi.org/10.1007/s00384-012-1491-x
https://doi.org/10.1186/s13017-023-00509-4
https://doi.org/10.1186/s13017-023-00509-4

	Towards a tailored approach for patients with acute diverticulitis and abscess formation. The DivAbsc2023 multicentre case–control study
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Patients and methods
	Clinical data
	Inclusion criteria
	Exclusion criteria
	Definition of outcomes
	Statistics

	Results
	Study population, imaging characteristics, and disease-specific characteristics
	Clinical outcomes
	Correlation analyses
	Risk factors for conservative treatment failure and emergency surgery

	Risk factors for recurrence of acute diverticulitis during the follow-up
	Sensitivity analyses
	Abscess > 5 cm
	CT scan Hinchey IIb stage

	The role of percutaneous drainage
	Missing data

	Discussion
	Acknowledgements 
	References


