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Abstract

Background Epidemiological studies show an increasing trend of hospitalization for acute diverticulitis (AD), but data
regarding the trend in hospitalization for complicated AD in Italy are scarce. The aim of this study was to analyze the Italian
trend in hospitalization for complicated AD, from 2008 to 2015.

Methods Using the Italian Hospital Information System, we identified all patients with complicated colonic AD as a dis-
charge diagnosis. Age- and sex-specific rates for AD as well as type of hospital admission (emergency/elective), type of
complication (peritonitis, obstruction, bleeding, abscess, fistula, perforation, sepsis) and type of treatment (medical/surgi-
cal), were analyzed.

Results A total of 41,622 patients with a discharge diagnosis of complicated AD were identified. Over the study period the
admission rate grew from 8.8 to 11.8 per 100,000 inhabitants.

The hospitalization rate was highest for patients > 70 years, but the increase in the admission rate was higher among patients
aged <60 years. There were more males in the group <60 years and more females in the group > 60 years old. The rate of
emergency admissions associated with surgery showed a significant mean annual increase (+3.9% per year) in the rate of
emergency admissions associated with surgery, whereas elective admissions for surgery remained stable. Peritonitis was
the most frequent complication (35.5%). The rate of surgery increased in AD complicated by peritonitis (+5.1% per year),
abscess (+5.8% per year) and decreased for obstruction (— 1.8% per year).

Conclusions From 2008 to 2015, we documented an increasing rate of hospitalization for complicated AD, especially for
younger patients, with an increase in surgery for peritonitis and abscess. Further studies are needed to clearly assess the risk
factors for complications and risk of surgery.
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Introduction

Acute diverticulitis (AD) is a common cause of hospital
admission in Western countries and its incidence is ris-
ing, making AD a heavy burden on the health care sys-
tems [1-5]. It is estimated that 15-20% of patients with
diverticulitis develop complications during their lifetime,
including potentially life-threatening complications such
as colonic perforation, abscess formation, bleeding or
bowel obstruction [6]. After a diagnosis of complicated
diverticulitis, an excess 1-year mortality compared with
the general population has been reported, ranging from a
2.5-fold to a 4.5-fold increase for fistula/stricture and per-
foration/abscess, respectively [7]. The primary endpoint of
our study was the trend in hospitalization for complicated
diverticulitis in Italy from 2008 to 2015, using adminis-
trative data from the national health system. Secondary
endpoints were the age- and sex-specific incidence as well
as the type of complications, hospital admission (elective/
urgent) and treatment (medical/surgical).

Materials and methods

A nationwide administrative register-based cohort study
was conducted by extracting data from the Italian Hos-
pital Information System (HIS) which includes all public
and private hospitals. The characteristics and management
of HIS have been described previously [5]: the database
collects clinical and administrative information of every
patient hospitalized in Italy. Discharge diagnoses are cat-
egorized according to the International Classification of
Disease, 9th Revision, Clinical Modification (ICD-9-CM).

All patients hospitalized in Italy between 2008 and
2015 with a diagnosis of colon diverticulitis according
to ICD-9-CM codes 562.11 (diverticulitis without hem-
orrhage) and 562.13 (diverticulitis with hemorrhage),
either as a primary diagnosis, or as a secondary diagnosis
only if associated with a complication of diverticulitis as
primary diagnosis, were initially selected. Among them,
those with one or more of the following ICD-9-CM codes
were subsequently identified as patients with complicated
diverticulitis: intestinal obstruction (codes 560.0, 560.1,
560.2, 560.89, 560.9); peritonitis (codes 567.0-567.3,
567.9); diverticular bleeding (codes 578.0-578.9), intes-
tinal/peritoneal abscess (code 569.5); diverticular fistula
(intestinal fistula, code 569.81) (colovesical fistula, code
596.1); intestinal perforation (code 569.83); sepsis or sep-
tic shock (codes 785.52, 995.90, 995.92).

Parameters assessed for the cohort with complicated
diverticulitis and for each complication category included
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the following: age of patient at the time of hospitalization,
sex, type of admission (urgent or elective), type of treat-
ment (medical or surgical) and type of surgery (emergency
or elective). Since in 2009 the codification of surgical pro-
cedures was updated from version ICD-19 to version ICD-
24, making previous classification of surgical treatment
no longer reliable, we analysed surgical parameters from
2009 to 2015.

Statistical analysis

Admission rates are reported per 100,000 individuals over
18 years. Population data were extracted from the national
demographic report provided by the Italian National Institute
of Statistics. Trends have been calculated using Negative
Binomial Distribution test, assuming as dependent variable
the number of admissions for complicated AD weighted for
the population over 18 years. A p value <0.05 was consid-
ered statistically significant. Statistical analysis was per-
formed using Stata 13 Software [8].

Results
General occurrence and trends

Between 2008 and 2015, 174,436 hospitalizations for AD
were registered in Italy. Among them, AD with one or more
complications accounted for 41,622 admissions (23.9%).
Considering the overall number of hospitalizations in Italy
during the same period, complicated diverticulitis accounted
for 0.59/1000 admissions.

The number of hospital admissions for complicated
diverticulitis increased by 39.6%, from 4280 in 2008 to
5975 in 2015, significantly more than uncomplicated
diverticulitis (26.5%) (p <0.001). Year by year variations
were as follows: 20082009, +5.5%; 2009-2010, + 7.4%;
2010-2011,+4.1%; 2011-2012, + 8.8%; 2012-2013,+ 3.4%;
2013-2014, +1.9%; 2014-2015, + 3.2%. During the study
period the admission rate rose from 8.8 to 11.8 per 100,000
inhabitants (Fig. 1).

Demographic features

Demographic features are summarized in Table 1. Admis-
sion for complicated diverticulitis per 100,000 inhabitants
over 18 years was more frequent in patients aged 70-79 years
(mean 24.23 +1.15, median 23.89 years) and over 80 years
(mean 38.99 + 1.97, median 39.06 years) than in the other
age groups (Fig. 2).

There was an increase over time in hospitalizations
for complicated AD, especially in younger age groups:
in particular, from 2008 to 2015, hospitalizations for AD
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Table 1 Demographic

o Demographic characteristics
characteristics, type of

No. of admissions

admission and treatment Sex

of patients hospitalized for Males (%)

complicated diverticulitis ’
Females (%)

Age categories
Mean years [IQR]

Age group
18-39 years (%)
40-49 years (%)
50-59 years (%)
60-69 years (%)
70-79 years (%)
>80 years (%)

Type of admission
Emergency (%)
Elective (%)

19,726 (47.4)
21,896 (52.6)

71 [57-80]

1973 (4.7)
4013 (9.6)
5802 (13.9)
7817 (18.8)
10,783 (25.9)
11,234 (27.0)

34,488 (82.9)
7134 (17.1)

Type of treatment (recorded since 2009)

Surgical treatment (%)
Medical treatment (%)

20,513(54.9)
16,830 (45.1)

Surgery according to type of admission (recorded since 2009)
Surgery in emergency admissions (% of emergency admissions)

Surgery in elective admissions (% di elective admissions)

16,104 (51.8)
4409 (70.8)

in the 18- to 39-year age group increased from 1.1 to 1.7
(+54.5%, p<0.001) in the 18- to 39-year age group, from
3.8 t0 6.4 (+68.4%, p<0.001) in the 40- to 49-year age
group, from 7.3 to 11.1 (+52.1%, p <0.001) in the 50- to
59-year age group, increased from 12.3 to 15.6 (+26.8%,
p <0.001) in the 60- to 69-year age group, from 23.3 to

25.4 (+9.0%, p=0.020) in the 70- to 79-year age group,
it increased, and from 35.2 to 39.0 (+ 10.8%, p=0.008) in
patients aged 80 years and over.

A slightly higher hospitalization rate was registered
for females (52.6%). There was a significant a male pre-
dominance in the under 60 years group and a significant
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Fig. 2 Hospitalization for acute 45
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female predominance in the over 60 years group(p <0.001)
(Fig. 3).

Rate of surgery with respect to urgent or elective
admission

Clinical management is summarized in Table 1. In patients

with complicated AD the chance of emergency admission
was fourfold higher than elective hospitalization. There
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was no significant change in the rate of elective hospitaliza-
tions in the study period, whereas the number of emergency
admissions increased from 3370 in 2008 to 5101 in 2015
with a cumulative increase of 51.4% and a rising admission
rate from 6.9 to 10.1 per 100,000 inhabitants (p < 0.001)
(Fig. 4).

Most patients (54.9%) with complicated AD had surgery
(Table 1), 51.8% after emergency admission and 70.8%
after elective admission. From 2009 to 2015, no significant
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difference was found in the number of patients with com-
plicated AD having surgery. The rate of emergency surgical
treatment for complicated AD showed a 3.9 per 100,000
inhabitants annual increase (p < 0.01), whilst rates of oper-
ation remained stable among electively admitted patients
(Fig. 5). During the study period, the cumulative number of
in-hospital days was 569,628, with a mean length of stay of
13.7+11.8 days (median 10 days), representing almost half
of the whole burden of AD consisting of 1,114,593 days
with a mean length of stay of 9.7+ 8.9 days (median 8 days).

Calendar years

Trend of AD complications

A total number of 50.091 complications of AD were
recorded, a single complication in 33,398 (80.2%) patients
and two or more complications in 8224 (19.8%) cases. The
most frequent complication registered at the index admis-
sion was peritonitis (17,811, 35.5%), followed by obstruc-
tion (11,068, 22.1%) and perforation (10,712, 21.4%). Less
frequently, fistula (2511, 5.0%), abscess (2143, 4.3%) and
sepsis (760, 1.5%) were reported (Table 2).

Fig.5 Trend of surgery for 6
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tis (AD) according to type of
hospitalization (emergent vs 5 . _ .
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Table2 Type of complications in patients admitted for complicated
AD

Clinical variable No. of admissions

Type of complications (total complications: 50,091)
Peritonitis (%) 17,811 (35.6)
Obstruction (%) 11,068 (22.1)
Perforation (%) 10,712 (21.4)

Bleeding (%) 5086 (10.2)
Abscess (%) 2143 (4.3)
Fistula (%) 2511 (5)
Sepsis or septic shock (%) 760 (1.5)

The incidence of peritonitis increased by 64.4%
(»<0.001) from 1638 cases in 2008 to 2693 in 2015. The
diagnosis of peritonitis was frequently associated with
other ICD complication codes, mainly intestinal perforation
(28.5%) and sepsis or septic shock (4.2%).

From 2009 to 2015, 26.2% of AD patients with peritonitis
were surgically treated, rising from 415 in 2009 to 813 in
2015 and the annual rate of surgery for peritonitis increased
from 22.02 to 30.19% with a mean annual increase of 5.1%
(p<0.001).

Intestinal obstruction was reported in 11,068 hospitali-
zations without any significant change in incidence during
the study period, ranging from 1436 admissions in 2008 to
1320 in 2015.

From 2009 to 2015, 58.2% of patients with intestinal
obstruction had surgery, and reduced from 842 in 2009
to 721 cases in 2015, a mean annual decrease of 1.8%
(»p=0.009).

Colonic fistula was reported in 2511 patients, with an
increase of 47.98% from 2008 (248 admissions) to 2015
(367 admissions) (p <0.001). Colonic fistula was oper-
ated on in 281 cases with a mean annual decrease of 4.8%
(p=0.140).

Peritoneal abscess was reported in 2143 patients, with an
increase of 23.1% from 2008 (264 admissions) to 2015 (325
admissions) (p > 0.05). Surgical treatment was required in
997 patients with abscess, the annual rate rising from 43.27
to 62.77% of abscess presentations, with a mean annual
increase of 5.8% (p <0.001).

Sepsis or septic shock were coded in few cases (760
admission, 1.5%), all of them associated with peritonitis.

Diverticular bleeding was diagnosed in 5086 (10.2%)
cases and the incidence of diverticular bleeding rose by
32.14%, from 532 admissions in 2008 to 703 in 2015.
Two hundred-fifty patients were operatively managed for
bleeding with an annual rate that increased from 20 to 69%
(»p=0.126).

The temporal trend of the relative rate of each complica-
tion of AD is given in Fig. 6.

Discussion

In this study we investigated the whole burden of hospi-
talization due to any complications of diverticular disease.
In an earlier study we reported that in Italy between 2008
and 2015 the hospital admission rate for AD increased by
30% [5]. The current study shows that the increasing tem-
poral trend of hospitalization for complicated diverticuli-
tis (39.6%) was significantly higher than for all AD or for
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uncomplicated diverticulitis (26.5%). These findings could
be the result of an increasing incidence of complicated
diverticulitis combined with a higher threshold for hospi-
talization of individuals with uncomplicated disease [9].
Similarly, a nationwide cohort study on the entire Danish
population from 2000 to 2014 found a significant increase
in the admission rate for complicated diverticulitis of 42.7%
[10]. In our study at least one complication was reported in
23.9% of cases of AD. An international retrospective longi-
tudinal 7-year study on unplanned admissions for AD reg-
istered a percentage of complicated diverticulitis of 32.4%,
25.2% and 24.3% in the USA, England and Australia, respec-
tively [11], whereas uncomplicated diverticulitis accounted
for 83-88% of all admissions in Denmark [10]. However,
in the aforementioned studies the inclusion criteria often
filtered out diverticular bleeding and potentially missed fis-
tula or obstruction.

An increased incidence of perforated diverticulitis with
increasing age in both sexes has been reported [12]. We doc-
umented that the rate of hospital admission for complicated
diverticulitis was higher in individuals > 80 years of age,
but significantly increased over the study period in all age
groups. As we previously reported, in the same years the rate
of hospitalization for AD was stable in patients over 70 years
[5], and these findings suggest that AD is more often com-
plicated in this age group.

Similarly to Morris et al. in a series of patients with per-
forated diverticulitis, we found a slight predominance of
complicated diverticulitis in females with a female to male
ratio of 1.1:1 [12]. Hong and colleagues reported a male
predominance in Australia and a female predominance in the
USA and England [11]. In accordance with data about AD
previously reported in the literature, we found that compli-
cated AD is male predominant in the younger patients and
female predominant in the elderly; thus the mean age of the
population could influence the overall sex distribution [2,
4,5,13].

Roughly four-fifths of patients were emergently admitted
and a similar figure was reported in a study on the manage-
ment of AD in USA in the past decade (78.3% emergent
admissions) [14]. Kang et al. examined hospital admissions
for diverticular disease in the English National Health Ser-
vice, finding that operation rates increased significantly
by 16.3% for males and by 13.5% for females [15]. Con-
versely, subsequent studies by Ricciardi et al. and Lamm
et al. reported a significant decline in the number of patients
receiving emerging surgery for complicated diverticulitis,
(71-55.5% and from 58 to 47%, respectively), reflecting a
gradual shift towards more conservative management of
acute complications [16, 17]. These figures are compara-
ble with our finding of 51.8% of surgical procedures among
emergent admissions while Hong et al. reported a surgical
intervention rate of 32-45% [11]. Analyzing our cohort

of patients emergently admitted both for complicated and
uncomplicated AD, we found 17.2% were treated surgically.
Rose et al. reported that the management of the first episode
was medical in 85.4% of cases and surgical in 14.6% of cases
and Masoomi et al. stated that 12.2% of emergently admit-
ted patients had surgery [14, 18]. Other studies reported an
emergency surgery rate of 10—-22% but data are difficult
to compare due to the heterogeneity of the cohort [3, 11,
18-21]. Furthermore, the health system model can influ-
ence the threshold for surgery, since insured patients are
more likely to undergo an emergency operation for acute
diverticulitis than those without insurance [22].

Over the study period, we registered a significant increas-
ing trend of 5.9% of the number of surgical procedures in the
emergent setting and a greater increase of emergent admis-
sions by 7.4%, resulting in a slight decrease in the proportion
of patients who had surgery. Similarly, an analysis of the US
National Inpatient Sample from 2002 to 2007 showed that
the annual emergency admission rate for AD increased by
9.5% while in the same period there was a 4.3% increase of
the annual rate of surgical resection [14]. We found that the
annual rate of surgical treatment was stable among electively
admitted patients and that there was a decreasing trend of
hospitalization for these patients (by 6.7%). Therefore, in
this group there was a not negligible increase in the propor-
tion of surgically treated patients that, although it is less
than the 38% reported by Masoomi et al. is quite surprising
considering the growing evidence supporting more restricted
indications for elective surgery [14, 23].

The most frequent complications at index episode were
peritonitis, showing a significantly increasing temporal
trend, as well as perforation. The same trend was reported
by Talabani et al. for purulent peritonitis and Makela et al.
for diverticular perforation, whereas Ricciardi et al. found
that the absolute number of free perforations rose during the
study period but the ratio with all diverticulitis remained
stable [4, 16, 24]. In our study the overall increase in the
peritonitis rate was double that of complicated diverticulitis.
Like Talabani et al. we found that the rate of diverticular
abscess significantly rose across the study period and the
surgical treatment rate rose year by year while other authors
reported that the percutaneous drainage increased 3.3 times
over a 5-year period [4, 14]. There was a decreasing rate of
hospitalization for diverticular bleeding in the USA during
the past decade [25].

This study has some limitations. As a hospital-based
study, the analysis does not include outpatients who were
managed medically, those treated solely in primary care or
who were not treated by any physician at all. This may be
uncommon in complicated disease, but the number of cases
of uncomplicated diverticulitis could be potentially underes-
timated. Furthermore, data were extracted from an adminis-
trative database which translates diagnoses and procedures
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into alphanumeric codes that are prone to subjectivity, vari-
ability and errors that could jeopardized the homogeneity of
patient groups [26].

Conclusions

We demonstrated a true increase in the overall burden of
complicated diverticulitis during the study period, which
accounts for almost half of the total number of hospitaliza-
tion days for AD. The temporal trend of complications such
as bleeding and abscess showed an absolute rise in the num-
ber of hospitalized patients. There was both a significantly
increasing absolute number of admissions for AD with peri-
tonitis / perforation and a rising proportion of peritonitis /
perforation among cases of complicated AD. The rate of
surgical treatment seems higher than expected, especially in
the elective cohort and in some subsets of emergent admis-
sions such as abscess and hemorrhage.
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