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Abstract

Introduction: Complicated intra-abdominal infections (clAls) are a common cause of morbidity worldwide, and in
spite of improvements in patient care, therapeutic failure still occurs, impacting in-hospital resource consumption.
This study aimed to assess the costs associated with the treatment of community-acquired clAls, from the [talian
National Health Service perspective.

Methods: This retrospective study analyzed the charts of patients who were discharged from four Italian university
hospitals between January 1 and December 31, 2009 with a primary diagnosis of community-acquired clAls. Patient
characteristics, diagnosis, surgical procedure, antibiotic therapy, and length of hospital stay were all recorded and
the cost of total hospital care was estimated. Costs were calculated in Euros at 2009 values.

Results: The records of 260 patients (mean age 48.9 years; 57% males) were analyzed. The average cost of care
for a patient hospitalized due to clAl was €4385 (95% Cl 3650-5120), with an average daily cost of €419 (95% Cl
378-440). Antibiotic therapy represented just under half (44.3%) of hospitalization costs. The strongest predictor of
the increase in hospital costs was clinical failure: patients who clinically failed received an average of 8.2 additional
days of antibiotic therapy and spent 11 more days in hospital compared with patients who responded to first-line
therapy (both p < 0.05 vs. patients who were successfully treated). Furthermore, they incurred €5592 in additional
hospitalization costs (2.88 times the cost associated with clinical success) with 53% (€2973) of the additional

costs attributable to antibiotic therapy. Overall, antibiotic appropriateness rate was 78.8% (n = 205), and was
significantly higher in patients receiving combination therapy compared with those treated with monotherapy
(97.3% vs. 64.6%).

Conclusion: The results of this study suggest that hospitals need to be aware of the clinical and economic
consequences of antibiotic therapy of clAls and to reduce overall resource use and costs by improving the rate of
success with appropriate initial empiric therapy.
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Introduction

Intra-abdominal infections (IAls), encompassing a wide
spectrum of pathological conditions from uncomplicated
appendicitis to fecal peritonitis, are a common cause of
morbidity worldwide. IAls are defined as complicated
(cIAIs) when infection extends beyond the affected hol-
low viscus into the peritoneal space, causing either local-
ized or diffuse peritonitis [1]. In spite of improvements
in patient care, therapeutic failure still occurs in patients
with community-acquired (CA) cIAls [2-5], highly im-
pacting in-hospital resource consumption [2,5,6]. In
early European series, patients with community-acquired
cIAls who clinically failed had significantly longer length
of hospital stay and incurred significantly higher inpatient
charges than those who were treated successfully [2,6].
More recently, the economic rebound of clinical failure
has been investigated in a large US multi-institutional
database of 6056 patients with cIAls, showing an add-
itional 4.6 days spent in hospital and inpatient charges of
$6368 when clinical failure occurred [5].

The clinical outcome of patients with cIAls is heavily
influenced by prompt surgical source control and timely
effective antimicrobial treatment [7,8]. Current guidelines
recommend a wide range of first-line single or multiple
antimicrobial regimens based on patient characteristics
(comorbidities, immunosuppression, and previous anti-
biotic exposure), expected involved pathogens (inferred by
source and origin, community or hospital-acquired, of in-
fection) and local resistance epidemiology [1,5].

Most recent guidelines also consider the antibiotic
treatment of cIAls from a microbiological point of
view, particularly in terms of pathogens producing ESBLs
(Extended Spectrum Beta-Lactamases). For community-
acquired extrabiliary cIAls, empirical antimicrobial ther-
apy can be divided into categories: treatment for critically
ill and non-critically ill patients, and treatment for
both groups according to the presence or absence of risk
factors for ESBL-producing pathogens. In non-critically
ill patients, amoxicillin-clavulanate or -ciprofloxacin-
metronidazole are possible options, but in the pres-
ence of risk factors for ESBL these are not sufficient,
and other drugs such as tigecycline and ertapenem
are useful. In critically ill patients without risk factors
for ESBL, piperacillin-tazobactam is an option, but in
the presence of ESBL risk factors carbapenems like
imipenem and meropenem are more appropriate [9].

Of note, knowledge of antibiotic drugs costs is suggested
as additional criteria supporting clinical decision-making
[1,5,9]. In fact, in some US and European studies, a signifi-
cant influence of empiric antibiotic therapy choice on eco-
nomic outcome of cIAls has emerged [3,6,7,10]. However,
the wide inter-country variability of antimicrobial pre-
scribing attitudes and of health care and reimbursement
systems organization could differently impact on cost
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estimates. Therefore, due to this limited generalizability of
data, referring to pharmacoeconomic analyses from other
countries could be misleading.

To the best of our knowledge, a costs analysis of cIAls
hospital care has never been performed in Italy, although
IAIs have been ranked as the second most common in-
fectious reason for hospitalization, after respiratory
infections [11]. To address this issue, this study aimed
to assess the costs associated with the treatment of
community-acquired cIAls, from the Italian National
Health Service (i.e. the third payer) perspective.

Methods

Study design

This one-year, multicentre, retrospective, incidence-
based observational study was performed in four Italian
(Bari, Florence, Turin, and Verona) acute-care university
hospitals. The study was conducted in accordance with
the ethical principles of the Declaration of Helsinki (and
subsequent revisions) and to the current norm for obser-
vational studies. The protocol was reviewed and ap-
proved by each study site’s ethical committees. Due to
the retrospective study design, informed consent was
not deemed necessary.

Patient selection

Patients were identified by searching computerized hos-
pitalization records of each recruiting hospital for a pri-
mary discharge diagnoses of one of five International
Classification of Diseases 9th revision (ICD-9) codes sug-
gestive of cIAls (540.1- acute appendicitis with intra-
abdominal abscess, 540.0 - acute appendicitis with diffuse
peritonitis, 567.2 - other suppurative peritonitis, 567.8-
other specified peritonitis, 567.9 - unspecified peritonitis,
567.0 - peritonitis in infectious disease classified else-
where. Patients were eligible for inclusion if they (1) were
hospitalized between January 1 and December 31, 2009;
(2) were at least 18 years old at the time of their hospi-
talization; (3) had a primary discharge diagnosis suggest-
ing any cIAls; (4) underwent laparotomy, laparoscopy or
percutaneous drainage of an intra-abdominal abscess and
(5) received intravenous antibiotics.

Patient analysis

A review of each patient’s chart was performed, and rele-
vant parameters were recorded in standardized individ-
ual electronic case report forms. These included: patient
age, gender, comorbidities (diabetes mellitus, obesity or
others), patient lifestyle factors (smoking, alcoholism),
known risk factors for antibiotic failure [1,9] (cancer,
liver cirrhosis, acute liver failure, renal failure, end stage
renal failure, anemia, leukopenia, coagulopathy, immuno-
suppression, or others), primary and secondary discharge
diagnoses, primary surgical procedure and unplanned
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additional surgeries (if any), laboratory, instrumental and
microbiology tests (number, type and results), antibiotic
therapy type, dose, and duration, switch to second-line
antibiotic drugs and reasons for the switch (clinical failure,
antibiotic resistance, adverse event, unspecified), illness se-
verity markers (use of artificial nutrition, antifungal drugs,
immune globulins, central venous catheter, renal replace-
ment therapies, mechanical ventilation), medical special-
ists’ consultancies (type and frequency), length of hospital
stay, and discharge status (alive/dead). Hospital ward of
admission, in-hospital transfers (to other wards or to the
intensive care unit [ICU]), and place of discharge (home,
other hospitals or long-term care facilities) were also
recorded.

Definitions

Primary surgical procedures were categorized according
to the source of infection as surgical operations on up-
per gastrointestinal (GI) tract (biliary or gastro-duodenal
tract, and small intestine), gall-bladder, appendix, lower
GI tract (colon-rectum), peritoneal abscesses drainage,
or others.

Clinical success was defined as patient recovery with
either first line empiric antibiotic therapy or a step-down
from initial therapy (transition wide/narrow spectrum or
intravenous/oral).

Clinical failure was defined as a switch to second-line
antibiotic treatment, need for unscheduled additional ab-
dominal surgeries, or patient death [2-4,6,7].

First-line empiric antibiotic therapy was defined as a
regimen started at the time of surgical intervention, be-
fore the availability of any culture data.

Switch to second-line antibiotic therapy was defined as
the addition of one or more parenteral antibiotics to the
initial antibiotic regimen or as a complete or partial
switch of the initial antibiotic regimen to another paren-
teral antibiotic regimen.

Unscheduled additional abdominal surgeries were ta-
ken into account if they occurred 2 or more days after
the primary surgical procedure and were related to poor
primary source control. Secondary procedures were not
considered in the analysis when there was a mention of
other reasons (i.e. technical issues or hemorrhage) that
might have led to re-operation.

First-line empiric antibiotic therapy was defined as ap-
propriate if all isolated bacteria were sensitive to at least
one of the antibiotics administered in patients with
documented positive intra-abdominal swabs or blood
cultures. Alternatively, in patients with negative or no
cultures, empiric therapy was deemed as appropriate
when the selected regimen covered enteric gram-negative
aerobic and anaerobic bacteria and drug dosing was ad-
equate, according to current guidelines [1]. Antibiotic
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regimens not fulfilling the above criteria were defined as
inappropriate.

Leucocytosis was defined by a white blood cell (WBC)
count >12,000/mm?. Leukopenia was defined as a WBC
count <4000/mm?.

Cost analysis

A estimate of the cost of antibiotics was performed by
multiplying the number of antibiotic days by the unit
price of that antibiotic and by the number of per day
doses. The overall cost of antibiotic treatment for each
patient was the sum of costs calculated for all parenteral
antibiotics received by the patient during the hospi-
talization period. The unit price of antibiotics was based
on official ex-factory prices per unit in Italy [12]. La-
boratory tests, instrumental tests, and specialists’ con-
sultancies utilization were directly recorded and their
costs were assessed by referring to fees for providers of
specialist services recognized by the Italian National
Health Service (I-NHS). Costs related to primary surgi-
cal procedures were not included in analysis, as we as-
sume they were independent of the adopted antibiotic
therapy.

Other direct costs, including personnel, ordinary main-
tenance and hotel costs, were indirectly estimated by
using Diagnosis-Related Group’s tariffs per admission pro-
vided to hospitals by the I-NHS. Specifically, this estimate
was based on the acknowledged over-threshold per hos-
pital day tariff, which is the per day cost to hospitals for
length of stay prolonged over an a priori defined threshold
(i.e. a tariff applicable to length of stay statistically consid-
ered as outliers), assuming that by subtracting the average
costs of specialist services provided from this tariff, an ac-
ceptable proxy of the general cost sustained for patient
management could be obtained.

Costs were expressed in Euro values at the time they
were incurred (year 2009 values).

Statistical analysis

Sample size derived from the number of cIAls patients
meeting inclusion criteria, admitted at the four recruit-
ing centers from January 1 to December 31, 2009.

Continuous data are expressed as means + standard
deviation or 95% confidence intervals (Cls), and categor-
ical data as number of events and percentages. Univari-
ate statistical analysis was performed by student t-test or
chi-squared test, as appropriate, to compare baseline
characteristics and outcomes of clinical success and fail-
ure groups.

Due to the retrospective design of the study, a reg-
ression model by means of a backward stepwise model
selection approach was employed to investigate the in-
dependent hospital charges predictors, in order to control
for confounding factors and obtain the exact contribution
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of each parameter to the outcome variable. The model
takes into account patient status and controls for type of
primary surgical procedure, unplanned additional surger-
ies, and antibiotic therapy switches. Considered variables
were dummy. In order to avoid co-linearity between vari-
ables, a Pearson correlation was performed. Covariates in
the model were: patient age and gender, one or more high
risk factors, primary surgical procedure, surgical approach,
antibiotic monotherapy/combination therapy, clinical suc-
cess/failure, one or more therapeutic failure risk factors,
unplanned additional surgeries, more than one additional
surgery.

Statistical analyses were performed by using SPSS statis-
tical software version 15.1 (SPSS Inc., Chicago, IL, USA).
A P value <0.05 was considered statistically significant.

Results

Patient characteristics

A total of 260 patients (mean age 48.9 years; 57% males)
met the study entrance criteria. On hospital arrival, 250
(96.2%) patients were admitted to surgical wards, 8
(3.1%) to medical wards, and 2 (0.7%) to the ICU. The
majority of patients (62.3%) were affected by compli-
cated appendicitis. Patients were surgically approached
by laparoscopy in slightly more than half of cases, and
by laparotomy in the majority of the others (Table 1).

One-hundred forty-four (55.4%) patients received first-
line empiric antibiotic therapy as a monotherapy drug
regimen, with the most frequent being ampicillin-sulbac-
tam or amoxicillin-clavulanate (37.5%), and piperacillin-
tazobactam (18.05%; Figure 1). In the remaining 116
(44.6%) patients, who received combination antibiotic
therapy, the most common treatments were amoxicillin-
clavulanate or ampicillin-sulbactam (31.9%), fluoroqui-
nolones (19.8%), or piperacillin-tazobactam (13.8%), all
in combination with metronidazole (Figure 2).

Of the 48 microbiologically evaluable patients (18.4%
of the total patient population), 23 (47.9%) intra-
operative abdominal site cultures (21 peritoneal swabs,
and 2 intra-operative biopsies), 12 (25.0%) abdominal
drainage fluid cultures, 11 (22.9%) blood cultures and 2
(4.2%) surgical wound swabs were performed. Among 34
(70.8%) documented positive cultures, the most frequent
isolated pathogen was Escherichia coli (58.8%), followed
by Klebsiella pneumoniae (14.7%).

Due to the low representation of the microbiological
evaluable population, antibiotic therapy appropriateness
was inferred by covered antimicrobial spectrum and dos-
ing adequacy of starting empiric regimens, as detailed in
the methods section. Overall, antibiotic appropriateness
rate was 78.8% (n =205), and was significantly higher in
patients receiving combination therapy compared with
those treated with monotherapy (97.3% vs. 64.6%). Clin-
ical success chances with appropriate antibiotic therapy
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Table 1 Demographic and clinical characteristics
Patients (n = 260)

Characteristic

Mean + SD age, years 489+ 20
Males, n (%) 149 (57.3)
Comorbidities, n (%)
Diabetes mellitus 12 (4.6)
Obesity 12 (4.6)
Lifestyle factors, n (%)
Smoking 27 (104)
Alcoholism 0 (0)
Therapeutic failure risk factors, n (%)
Age > 65 years 63 (24.2)
Cancer 16 (6.2)
Anemia 16 (6.2)
Liver cirrhosis 1(04)
Renal failure 1(04)
Acute liver failure 0(0)
End stage renal failure 2 (0.8)
Coagulopathy 2(0.8)
Immunosuppression 2 (0.8)
Leukopenia 0 (0)
Primary surgical intervention site, n (%)
Appendix 162 (62.3)
Lower Gl tract 51 (19.6)
Upper Gl tract 13 (5.0)
Gall-bladder 14 (54)
Peritoneal abscess 16 (6.1)
Explorative laparotomy/laparoscopy 4(15)
Surgical approach, n (%)
Laparoscopy 135 (51.9)
Laparotomy 116 (44.6)
Percutaneous 935
lliness severity markers, n (%)
Parenteral nutrition 52 (20.0)
Central venous catheter 44 (16.9)
Antifungal drugs 28 (10.8)
Enteral nutrition 22 (84)
Invasive mechanical ventilation 20 (7.7)
Immune globulins 0(0)
Renal replacement therapies 0(0)
ICU transfer, n (%) 24 (9.2)
Mean =+ SD length of hospital stay, days 104+13
Mortality rate, n (%) 6(2.3)

Gl, gastrointestinal; ICU, intensive care unit; SD, standard deviation.
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Figure 1 Antibiotics administered to patients who received
monotherapy for first-line treatment of complicated intra-
abdominal infections. Cephalosporins included: cefazolin,
ceftizoxime, cefotaxime, and ceftriaxone; fluoroquinolones included:
ciprofloxacin and levofloxacin; carbapenems included imipenem and
meropenem; aminoglycosides included: amikacin, gentamicin

and tobramycin.

were 78.5% (n =161) and 34.5% (n = 19) with inappropri-
ate therapy.

In total, 194 (74.6%) patients responded to antibiotic
treatment and experienced clinical success (clinical suc-
cess group), while 66 (25.4%) patients did not respond to
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First-line antibiotic combination therapy (n = 116)
Figure 2 Antibiotic regimens administered to patients who
received combination therapy for the first-line treatment of
complicated intra-abdominal infections. Cephalosporins included:
cefazolin, ceftizoxime, cefotaxime, and ceftriaxone; fluoroquinolones
included: ciprofloxacin and levofloxacin; carbapenems included
imipenem and meropenem; aminoglycosides included: amikacin,
gentamicin and tobramycin. Other regimens included:
aminoglycosides plus ampicillin/sulbactam or piperacillin/
tazobactam, or imipenem (n=4), fluoroquinolones plus
amoxicillin/clavulanate, cephalosporins, tygecicline or piperacillin/
tazobactam (n=5), fluoroquinolones plus clindamycin (n=1).
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antibiotic therapy (clinical failure group). Ninety-six per
cent (95.8%) of patients were discharged to home, 1.5%
to long-term care facilities, 0.4% to another hospital, and
2.3% died in hospital.

In-hospital charges

The average cost of care for a patient hospitalized due to
cIAI was €4385 (95% CI 3650-5120), with an average
daily cost of €419 (95% CI 378-440). Antibiotic therapy
cost by itself represented just under half (44.3%) of
hospitalization costs. Clinical failure was the strongest
independent predictor of hospitalization costs increases
in multivariable regression analysis, followed by un-
scheduled additional abdominal surgeries, combination
antibiotic therapy administration, patient comorbidities
and illness severity markers (R*=0.47) (Table 2).

The critical influence of clinical outcome on hospi-
talization costs prompted us to investigate clinical char-
acteristics and economic outcome of patients stratified
into clinical failure and success groups (Table 3). Com-
pared with the clinical success group, patients in the
clinical failure group were older and were more likely to
have cancer. More patients in the clinical failure group
had undergone lower GI tract surgical procedures, were
surgically approached by laparotomy, and had markers
indicative of severe disease and required ICU transfer
(Table 3). Moreover, they more frequently received anti-
biotic monotherapy (69.7% vs. 52.1%). Specifically, pa-
tients who failed therapy were more like to have received
metronidazole monotherapy (21.4% vs. 3.03%) and were
less likely to have received the combination of fluoroqui-
nolones plus metronidazole (4.7% vs. 22.6%) as their first-
line antibiotic therapy.

The majority of patients who experienced clinical fail-
ure (99.6%) switched to second-line antibiotic therapy,
12 (18.2%) underwent unscheduled additional surgeries
and 6 (9.1%) died. Second-line antibiotic therapy in-
cluded switching to entirely different antibiotics in 63.6%
of cases and addition of one or more drugs to the initial
antibiotic regimen in 36.3% of cases. Reasons for swit-
ching therapy were clinical ineffectiveness in 63.6% of
patients, microbiologic resistance in 9% and was unre-
ported in 24.2% of patients. Second-line regimens involved
meropenem (25.7%), ertapenem (21.2%), tygecicline (19.6%)
and glycopeptides (10.6%).

In-hospital charges by therapeutic outcome

Patients who failed antibiotic therapy received an aver-
age of 8.2 additional days of antibiotic therapy and spent
11 more days in hospital compared with patients who
responded to first-line therapy (both p < 0.05 vs. clinical
success group). Furthermore, they incurred €5592 in add-
itional hospitalization costs (2.88 times the cost associated
with clinical success) with 53% (€2973) of the additional
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Table 2 Independent predictors of hospitalization costs associated with complicated intra-abdominal infection

Not standardized Standardized t P Cost
coefficients coefficients value variation (%)
B Standard error Beta

Constant 3,733.00 793.44 4.705 0.000
Clinical failure 3,817.85 681.02 0.275 5.606 0.000 +87.04
Unscheduled secondary surgeries 4,558.00 1,059.75 0226 4301 0.000 +104
Antibiotic combination therapy 2,264.09 580.05 0.186 3.903 0.000 +51.6
Comorbidities 217745 742.28 0.14 2933 0.004 +49.6
Therapeutic failure risk factors 1,755.84 675.91 0.137 2.598 0.010 +40
Appendectomy -3,481.79 698.81 -0.279 —4.982 0.000 -794
Cholecystectomy —2,920.24 1,339.50 -0.109 —2.180 0.030 —66.6
Female gender —1,043.09 572.92 -0.085 -1.821 0.070 -238

costs attributable to antibiotic therapy (Figure 3). All of
the other contributors to hospitalization costs were signifi-
cantly higher in the clinical failure group (Figure 3).

A significant cost difference was still found when aver-
age costs per hospital-day were computed, amounting to
€386 (95% CI 350—421) for patients experiencing clinical
success, and €476 (95% CI 414-539) for patients who
failed first-line therapy. Antibiotic cost by itself still was
a great contributor to total per day inpatient charges, in
both success and failure groups (40% and 48.5%, respect-
ively), being significantly higher in patients who failed
starting therapy (€249 vs. €153).

Due to the high contribution of antibiotic therapy to
hospitalization costs, daily charges limited to antibiotic
therapy course duration have been estimated (Figure 4),
and were significantly higher for patients who clinically
failed, as compared to those who succeeded (€502 vs.
€186). This significant extra cost per antibiotic day in
clinical failure cases was confirmed for both single and
multiple drug antibiotic regimens (Figure 4).

Discussion

To our knowledge, this is the first multicenter study in-
vestigating the economic outcome of hospitalized cIAls
in Italy. This study clearly shows that starting empirical
antibiotic therapy has a large impact on the cost of care
of community-acquired cIAls. In this large sample of
hospitalized adult patients with community-acquired
clAls, clinical failure was the strongest independent
predictor of increases in hospitalization costs. Com-
pared with patients who are treated successfully, pa-
tients who failed therapy received antibiotic therapy for
more than one additional week, spent 11 more days in
hospital, and incurred a mean €5600 more in hospital
charges. Antibiotic therapy was the leading contributor
to inpatient charges, and multiple drug regimens was an
independent predictor of increases in costs.

Various European and US studies have investigated the
clinical outcomes associated with the treatment of
community-acquired cIAls and have shown a clinical
failure rate of 17%—35% [2-5], which is consistent with
the 25% failure rate observed in our study. However, very
few studies have addressed the issue of the economic bur-
den of cIAls.

Early European series have shown that hospitalization
costs are 1.2-1.5 times higher in patients who have failed
treatment compared with patients who were treated
successfully [2,6]. The present study confirms and sub-
stantiates these findings, demonstrating that the costs
associated with failing first-line antibiotic therapy is as-
sociated with a 2.8-fold increase in hospitalization costs
compared with patients who have had clinical success. Im-
portantly, clinical failure was the strongest independent
contributor to inpatient hospitalization charges, leading to
an increase in costs of 87% after adjusting for comorbidi-
ties, therapeutic failure risk factors, type of primary surgi-
cal procedure and unscheduled additional surgeries.

The cost of antibiotic therapy explained over 50% of
total hospitalization charges, confirming previous studies
that have shown that antibiotics contribute 70% of extra
costs associated with cIAls [6]. This large proportion of
clinical failure costs deriving from antibiotic therapy
most probably arises from the overlap existing between
the failure of antibiotic therapy and clinical failure. Al-
though clinical failure, a widely employed measure of
drug effectiveness [2-4,6,7], is a composite of three dif-
ferent outcomes (antibiotic therapy switch, re-operation
or death), in most instances it is driven by failure of
first-line antibiotic therapy. In our study virtually all pa-
tients who clinically failed required second-line anti-
biotic therapy, while re-operation or death involved only
a few patients (17.7% and 9.1%, respectively). This is
consistent with the results of previous studies which
have shown that the majority of costs associated with
clinical failure are due to antibiotic therapy [2,7].
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Table 3 Demographic and clinical characteristics of In most cases, clinical failure with antibiotic therapy is

patients stratified by clinical outcome driven by unsuitable drug choice [3,4,6]. In the present

Characteristic Clinical success Clinical failure Pvalue  study, although only “presumed” basing on drug spec-

group (n=194) group (n=66) trum of coverage adequacy [1], appropriate antibiotic

Mean + SD age, years 464+19 56221 <0.05 therapy was associated with a 78% chance of clinical suc-

Males, n (%) 113 (582) 36 (54.5) NS cess, compared with a 34% chance of clinical success as-

Comorbidities, n (%) sociated with inappropriate therapy. Therefore, the role

Diabetes mellitus 736) 5(75) NS of antibiotic failure and inappropriateness of drug choice

A having a large influence on the occurrence of clinical fail-
Obesity 9 (4.6) 3(45) NS

ure could be inferred, as previously demonstrated [3,7,10].

Lifestyle factors, n (%) As expected, the appropriateness of empiric antibiotic

Smoking 22 (11.3) 5(75) NS therapy was more frequently reached with wide spec-
Alcoholism 0(0) 00 NS trum combination therapy. We found that multiple-drug
Therapeutic failure risk empiric regimens were appropriate in 97% of cases com-
factors, n (%) pared with roughly 65% of single drug regimens. More-
Age > 65 years 38 (19.5) 25 (37.8) <005 over, patients who achieved clinical success were more
Cancer 8 (41) 8(12.1) <005 likely to have received antibiotic combination therapy
Anermia 6 G.1) 10052) <005 t‘han‘ those Patlent§ tho failed antibiotic therapy, con-
firming previous findings [7]. On the other hand, the
Liver cirrhosis 1(0.5) 0 (0) NS e . . . .
costs per day of antibiotic combination regimens were
Renal failure 105) 10.5) NS significantly higher than the costs of antibiotic mono-
End stage renal failure 2 (1.0) 0(0) NS therapy, regardless of therapeutic outcome. Importantly,
Coagulopathy 2(1.0) 00 NS combination therapy was a strong independent predictor
Immunosuppression 105) 1015) NS of increases in inpatient charges, causing approximately
Primary surgical a 50% increase of mean hospitalization costs. Thus, the
intervention site, n (%) benefit/cost ratio underpinning the correct management
Appendix 132 (68.0) 30 (45.4) <005 of community-acquired cIAls seems to be difficult to
Lower Gl tract 23(11.8) 28 (424) <0.05 balance.
wer rac K . . . PR . . . s
© Multiple antibiotic regimens aim to expand antimicro-
Upper Gl tract 1061 3(45) NS bial spectrum and to overcome increased bacterial resist-
Gall-bladder 1367) 105 NS ance in community-acquired cIAls [13,14]. Recently,
Peritoneal abscess 13 (6.7) 345 NS newly introduced wide spectrum agents, such as ertape-
Other 3(15) 1(15) NS nem and tygecicline, have been recommended [8] for
Surgical approach, n (%) use as flrst—llne empiric antlbl.OtIC monotberapy re-
gimens in stable, noncritically ill cIAls patients with
Laparoscopy 111(57.2) 24 (36.3) <0.05 .
extended-spectrum beta-lactamase producing pathogens
Laparotomy 76 (39.2) 40 (606) <005 risk factors, factors that are becoming more frequently
Percutaneous 7(30) 230 NS involved in community-acquired cIAls [13,14]. Interest-
Antibiotic treatment, n (%) ingly, these were also among the most frequent second-
Monotherapy 101 (52.1) 46 (69.7) <005 line choices in our failing patients, underlying the cost/
Combination therapy 93 (47.9) 20 (303) <005 benefit adyantage of such recommenflatlon.
A As previously reported [2,6,7], patients who were less
lliness severity markers, n (%) R T
healthy due to an increased age, comorbidities or those
Parenteral nutrition 27(139) 25678 <005 with known treatment failure risk factors, were signifi-
Central venous catheter 16 (82) 24 (363) <005 cantly more likely to fail antibiotic therapy. These same
Antifungal drugs 12 (6.2) 16 (24.2) <0.05 features independently increased hospitalization costs.
Enteral nutrition 10 (5.2) 12 (182) <005 Therefore, illness severity must be strongly considered
Invasive mechanical 6G1) 14 212) <005 wh(.en cﬁoosmg startmg ?mplrlcal antlblOiflC therapy, due
ventilation to its influence on clinical and economic outcomes of
ICU admission, n (%) 6G1) 18 (27.3) <005 patients with cIAls. S
Mortality rate, n (%) 00 6(9.1) NS The low rate of intra-operative microbiology tests per-

formed in the present study is worrisome. As choosing an-
tibiotics for the treatment of cIAls is an empiric decision,
local epidemiology knowledge is of outmost importance.

Gl, gastrointestinal; ICU, intensive care unit; NS, not significant; SD,
standard deviation.
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Costs (€)
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Total _ |
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€1188 (883-1493)*

Antibiotic therapy | e4161 (2047-5374)

€111 (97-124)*
Laboratory tests
€287 (203-371)

B Clinical success group (n = 194)

284 (166-401)*

Instrumental tests €599 (197-1000)
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[€5.7 (3.2-8)*

Consultancies €26/(17-36)

. €1376 (1185-1567)*
Other direct costs ¢ )
€3483 (2520-4446)

Figure 3 Total hospitalization costs per patient, stratified by therapeutic outcome. Other direct costs category includes personnel,
ordinary maintenance and hotel costs. *p < 0.05 vs. clinical failure group.

By increasing the chance of appropriate treatment [1], it
could improve outcome and decrease resource utilization
in patients subsequently hospitalized in the same institu-
tion for the same condition. Thus, we recommend that
the consistent taking of swab samples by Italian surgeons
is implemented.

As with any retrospective analysis, this study has sev-
eral limitations. Due to complexities associated with the
collection of data, summary measures of illness and co-
morbidities severity, potentially associated with clinical
failure, longer length of hospital stay, and higher inpa-
tient costs were not covered and could not be used in
the multivariate model. We were also unable to assess the
appropriateness of antibiotic therapy in light of culture

results and patient clinical risk profile [1,9] and, therefore,
the clinical failure variable, rather than antibiotic appro-
priateness, was used in the multivariable analysis of in-
dependent cost predictors. Finally, being a multicenter
study, dissimilarity in standard of care among participating
sites cannot be excluded.

Despite these limitations, for the first time we assessed
patterns of starting antibiotic therapy, resource utilization
and actual costs of caring for inpatients with community-
acquired cIAls in Italian hospitals. The results of this
study suggest that hospitals need to be aware of the clin-
ical and economic consequences of antibiotic therapy and
to reduce overall resource use and costs by improving the
rate of success with appropriate initial empiric therapy.
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Therapeutic success

— €186 (148-224)  m Clinical success group (n = 194)
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Therapeutic failure

| €502 (400-606)*

I <5 #5-105)

Therapeutic success with
monotherapy

Therapeutic success with
combination therapy

Therapeutic failure with

I < 212572

monotherapy

€428 (294-563)

Therapeutic failure with

combination therapy

Figure 4 Hospitalization costs per day of antibiotic therapy in patients stratified by therapeutic outcome and antibiotic regimens.
*p < 0.05 vs. clinical failure group; #p < 0.05 vs. antibiotic monotherapy group.

€642 (490-795)#
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Considering the prospective reimbursement system of the
Italian NHS, there may be a relevant cost saving at the
same reimbursement rate for hospitals, by reducing anti-
biotic costs of cIAls. Mandatory peritoneal swab sampling,
allowing for local epidemiology driven empiric antibiotic
therapy, should be strongly encouraged for each cIAls
patient.

Abbreviations

Cl: Confidence interval; clAls: Complicated intra-abdominal infections;

Gl: Gastrointestinal; IAls: Intra-abdominal infections; ICU: Intensive care unit;
WBC: White blood cell.

Competing interests

The authors LD, FB, EC, FR and CA declare that they have no competing
interests. SC has received funds from Pfizer. FS has received research and
educational grants from Abbott, Bayer, Biogen Idec, Biomarine, BMS,
Boehringer-Ingelheim, Celgene, Daiichi Sankyo, Eli Lilly, Genzyme,
GlaxoSmithKline, Janssen Cilag, Johnson & Johnson, Medtronic, MSD, Novartis,
Novo Nordisk, Obi, Pfizer, Roche, Sanofi Pasteur Servier, Sigma Tau, Stroder, Teva.
AN has received funds to support the research and donations from Pfizer, MSD
and honorary from Astra Zeneca, MSD, Pfizer, Valeas and Zambon.

Authors’ contributions

LD and CA carried out acquisition and interpretation of data, and drafted the
manuscript; FB, SC, EC, AN, FR, and FS provided to conception and design of
the study, and to manuscript revision; FS and CA performed the statistical
analysis. All authors read and approved the final manuscript.

Acknowledgements

The authors would like to thank Simone Boniface of Springer Healthcare
Communications, who edited the manuscript for English and styled for
submission. This medical writing assistance was funded by Pfizer.

Author details

'Anesthesia and Intensive Care Unit - Emergency and Organ Transplantation
Department, University of Bari, Policlinico of Bari, P.zza G. Cesare 11, 70124
Bari, Italy. “Department of General Surgery, Fatebenefratelli-lsola Tiberina,
Rome, Italy. Clinical Infectious Disease, Department of Pathology, University
of Verona, Verona, ltaly. 4Departmem of Health Sciences, Clinical
Pharmacology and Oncology Section, University of Florence, Florence, ltaly.
*Digestive, Colorectal, Oncologic and Minimally Invasive Surgery, Department
of Surgical Sciences, University of Turin, Turin, Italy. °CEIS, University of Rome
Tor Vergata, Rome, ltaly.

Received: 14 March 2014 Accepted: 17 June 2014
Published: 20 June 2014

References

1. Solomkin JS, Mazuski JE, Bradley JS, Rodvold KA, Goldstein EJ, Baron EJ,
O'Neill PJ, Chow AW, Dellinger EP, Eachempati SR, Gorbach S, Hilfiker M,
May AK, Nathens AB, Sawyer RG, Bartlett JG: Diagnosis and management
of complicated intra-abdominal infection in adults and children:
guidelines by the Surgical Infection Society and the Infectious Diseases
Society of America. Clin Infect Dis 2010, 50:133-164.

2. Cattan P, Yin DD, Sarfati E, Lyu R, De Zelicourt M, Fagnani F: Cost of care
for inpatients with community-acquired intra-abdominal infections.
Eur J Clin Microbiol Infect Dis 2002, 21:787-793.

3. Krobot K, Yin D, Zhang Q, Sen S, Altendorf-Hofmann A, Scheele J, Sendt W:
Effect of inappropriate initial empiric antibiotic therapy on outcome of
patients with community-acquired intra-abdominal infections requiring
surgery. Eur J Clin Microbiol Infect Dis 2004, 23:682-687.

4. Tellado JM, Sen SS, Caloto MT, Kumar RN, Nocea G: Consequences of
inappropriate initial empiric parenteral antibiotic therapy among
patients with community-acquired intra-abdominal infections in Spain.
Scand J Infect Dis 2007, 39:947-955.

5. Wong PF, Gilliam AD, Kumar S, Shenfine J, O'Dair GN, Leaper DJ: Antibiotic
regimens for secondary peritonitis of gastrointestinal origin in adults.
Cochrane Database Sys Rev 2005, 18:CD004539.

Page 9 of 9

6. Sturkenboom MC, Goettsch WG, Picelli G, In't Veld B, Yin DD, De Jong RB,
Go PM, Herings RM: Inappropriate initial treatment of secondary
intra-abdominal infections leads to increased risk of clinical failure and
costs. Br J Clin Pharmacol 2005, 60:438-443.

7. Edelsberg J, Berger A, Schell S, Mallick R, Kuznik A, Oster G: Economic
consequences of failure of initial antibiotic therapy in hospitalized adults
with complicated intra-abdominal infections. Surg Infect 2008, 9:335-347.

8. Sartelli M, Catena F, Ansaloni L, Leppaniemi A, Taviloglu K, van Goor H, Viale
P, Lazzareschi DV, Coccolini F, Corbella D, de Werra C, Marrelli D, Colizza S,
Scibé R, Alis H, Torer N, Navarro S, Sakakushev B, Massalou D, Augustin G,
Catani M, Kauhanen S, Pletinckx P, Kenig J, Di Saverio S, Jovine E, Guercioni
G, Skrovina M, Diaz-Nieto R, Ferrero A, et al: Complicated intra-abdominal
infections in Europe: a comprehensive review of the CIAO study. World J
Emerg Surg 2012, 7:36.

9. Sartelli M, Viale P, Catena F, Ansaloni L, Moore E, Malangoni M, Moore FA,
Velmahos G, Coimbra R, Ivatury R, Peitzman A, Koike K, Leppaniemi A, Biffl
W, Burlew CC, Balogh ZJ, Boffard K, Bendinelli C, Gupta S, Kluger Y, Agresta
F, Di Saverio S, Wani |, Escalona A, Ordonez C, Fraga GP, Junior GA, Bala M,
Cui'Y, Marwah S, et al: 2013 WSES guidelines for management of intra-
abdominal infections. World J Emerg Surg 2013, 8:3.

10. Wilson SE, Turpin RS, Hu XH, Sullivan E, Mansley EC, Ma L: Does initial
choice of antimicrobial therapy affect length of stay for patients with
complicated intra-abdominal infections? Am Surg 2005, 71:816-820.

11. De Lalla F, Eandi M: Indagine sull'uso di antibiotici nel trattamento delle
infezioni delle basse vie respiratorie negli ospedali italiani:
considerazioni farmacoeconomiche. G Ital Chemioter 1998, 45:59-87.

12. Agenzia ltaliana del Farmaco (AIFA): Italian Pharmaceutical Formulary.
2009. http://www.agenziafarmaco.gov.it/wscs_render_attachment_by_id/
111.84470.1172743348645ce4c.pdf?id=111.81951.1172658490314
[accessed 26/02/20111.

13. Hawser SP, Bouchillon SK, Hoban DJ, Badal RE: In vitro susceptibilities of
aerobic and facultative anaerobic Gram-negative bacilli from patients
with intra-abdominal infections worldwide from 2005-2007: results from
the SMART study. Int J Antimicrob Agents 2009, 34:585-588.

14.  Hawser SP, Bouchillon SK, Hoban DJ, Badal RE, Canton R, Baquero F:
Incidence and antimicrobial susceptibility of Escherichia coli and
Klebsiella pneumoniae with extended-spectrum beta-lactamases in
community- and hospital-associated intra-abdominal infections in
Europe: results of the 2008 Study for Monitoring Antimicrobial
Resistance Trends (SMART). Antimicrob Agents Chemother 2010,
54:3043-3046.

doi:10.1186/1749-7922-9-39

Cite this article as: Dalfino et al: Cost of care and antibiotic prescribing
attitudes for community-acquired complicated intra-abdominal
infections in ltaly: a retrospective study. World Journal of Emergency
Surgery 2014 9:39.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www.agenziafarmaco.gov.it/wscs_render_attachment_by_id/111.84470.1172743348645ce4c.pdf?id=111.81951.1172658490314
http://www.agenziafarmaco.gov.it/wscs_render_attachment_by_id/111.84470.1172743348645ce4c.pdf?id=111.81951.1172658490314

	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Study design
	Patient selection
	Patient analysis
	Definitions
	Cost analysis
	Statistical analysis

	Results
	Patient characteristics
	In-hospital charges
	In-hospital charges by therapeutic outcome

	Discussion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


