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Abstract

Assessing the effects of an antimicrobial stewardship program (ASP) implemented in a 78-bed Internal Medicine ward of
an Italian mid-sized acute care hospital of 296 beds (26,820 bed days/year in 2015 and 26,653 in 2016). The ASP, imple-
mented in May 2016, included: (a) formulation and dissemination of local guidelines on empiric antibiotic therapy; (b)
educational training; and (c) restrictive control on the use of carbapenems. We included in the study all the patients who
had received at least one systemic antibiotic as empiric therapy and who were discharged in two comparable time periods
(Oct—Nov 2015: period 1 and Oct—Nov 2016: period 2), before and after the implementation of the ASP. Clinical data were
collected to compare the two study periods. The percentage of patients treated with antibiotics was significantly lower in
period 2 (272/635=42.8% vs 238/648 =36.7%, —6.1%, p <0.01). A similar reduction was observed in terms of defined
daily doses per 100 bed days (from 49.5 to 46.9; —5.3%). In period 2, we observed a significant reduction of patients treated
with carbapenems (5.7 vs 2.1%, p <0.05). The length of hospital stay and in-hospital mortality was similar in the two study
periods. The implementation of an ASP in our Internal Medicine ward has been associated with a significant reduction of
patients treated with antibiotics. The reduction was particularly relevant for carbapenems, antibiotics which should be used
only in selected cases. These results have been obtained without increasing length of hospital stay and in-hospital mortality.
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Introduction

The growing spread of antimicrobial resistance is an issue
of the utmost importance on a global level, so much so that
several health and government organizations have pro-
claimed a “call to action” to counteract the phenomenon
[1-5]. The antimicrobial resistance rates in Europe show
wide variations depending on the bacterial species, antimi-
crobial group, and geographical region. In general, lower
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resistance percentages are reported by countries in the north,
while higher percentages are reported in the south and east
of Europe [6]. In the European context, Italy is one of the
Member States with the highest level of antibiotic resist-
ance. In particular, the hyper-endemic levels of carbapenem-
resistant Enterobacteriaceae and Acinetobacter baumannii
are of considerable concern [7]. Moreover, data published on
antimicrobial resistance and antibiotic consumption during
the year 2014 show that in Tuscany, one of the most popu-
lated Italian regions, resistance rates and antibiotic use are
higher than the Italian average [8]. For example, Klebsiella
pneumoniae is carbapenem resistant in 46.2% of the cases
(Italian average: 32.9%) and Escherichia coli is resistant
to third-generation cephalosporins in 43.9% and to fluoro-
quinolones in 55% of the cases (Italian average: 28.7 and
43.9%). The same document shows that in our hospital (San
Giovanni di Dio Hospital, Florence, Italy), more antibiotics
are used compared to the average of Tuscan hospitals (116
vs 88.7 defined daily doses (DDD)/bed days) and confirmed
the high frequency of multidrug resistant isolates. A 1-day
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survey performed in our Internal Medicine ward detected
a high prevalence (45%) of patients on antibiotics (unpub-
lished data).

The analysis of these data pushed our Hospital Manage-
ment and the Department of Internal Medicine to create a
multidisciplinary team to design and implement an antimi-
crobial stewardship program (ASP) suitable for the Internal
Medicine ward. The present study is aimed to assess the
effects of this ASP on the antibiotics use. To this purpose,
we retrospectively compared two 2-month sample time peri-
ods, before and after the ASP implementation.

Materials and methods

This study was approved by the Department of Internal
Medicine and by the Hospital management.

Clinical setting

This single-center retrospective cross-sectional study was
conducted at the Internal Medicine ward of San Giovanni
di Dio Hospital, Florence, Italy, a medium size, acute care,
general hospital (296 beds). The Internal Medicine ward
consists of 78 beds for acute patients, mostly admitted from
the Emergency Department (92% in 2015 and 90% in 2016).
In 2015 and 2016, the total number of patients discharged
from the ward was 3887 and 3754 with an occupancy rate
of 95.1 and 93.9%, respectively. The ward is equipped with
a full electronic clinical records system (ARGOS software,
Dedalus, Italy).

Antimicrobial Stewardship Program

In April 2016, an Antimicrobial Stewardship Program (ASP)
was introduced in the Internal Medicine ward of our hospi-
tal, with the aim of improving the appropriateness in the use
of antibiotics and reducing their consumption. The ASP was
designed by a multidisciplinary team consisting of intern-
ists, infectious disease specialists, microbiologists, and phar-
macists. The intervention model was mainly educational,
with the addition of a restrictive intervention on carbapenem
prescriptions.
The ASP included:

1. Elaboration and dissemination of local guidelines on the
proper use of antibiotics Based on international guide-
lines and local resistance data, the ASP team elaborated
a schematic guideline document containing empirical
antibiotic treatment recommendations adapted to the
specific hospital epidemiological context. This guide-
line is composed of: (a) generic indications about anti-
biotic choice, timing, dosing, de-escalation, treatment
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duration, microbiological testing, and procalcitonin use
and (b) targeted advices for the empirical treatment of
intraabdominal infections, pneumonia, skin and soft
tissue infections, or urinary tract infections. Particular
emphasis was given on the need to re-evaluate antibiotic
therapy at least every 72 h, and to modify or discontinue
therapy when suggested by clinical or microbiological
data. The guideline document was sent via e-mail to
all the physicians attending the Internal Medicine ward.
Local guidelines on the use of antibiotics can be made
available on request.

Education In the month preceding the ASP implemen-
tation, the ASP team organized two educational meet-
ings directed to all the physicians attending the Internal
Medicine unit, with the aim of: (a) share data of local
antibiotic consumption and local antibiotic-resistance
rates; (b) present the program and discuss its rationale
and objectives; (c) train physicians in the management
of infections; and (d) promote the appropriate use of
antibiotics, on the basis of the local guidelines. After
implementation of the ASP, quarterly meetings were
held in which: (a) the concepts of appropriateness in
the use of antibiotics were reinforced; (b) clinical cases
and personal performance were discussed; and (c) using
benchmarking comparison to similar institutions, feed-
back was provided on the overall and specific consump-
tion of antibiotics, on the appropriateness of carbapenem
prescriptions and on the local antimicrobial resistance
rates (the latter data updated every 6 months). The meet-
ings were scheduled as part of the annual training pro-
gram for doctors.

Restriction of carbapenem use All the physicians attend-
ing the Internal Medicine unit were authorized to start
carbapenem therapy. Within 72 h, the appropriateness of
carbapenem prescription had to be assessed by a mem-
ber of the ASP team experienced in antibiotic therapy
(advisor), who decided whether to continue or discon-
tinue it. The two advisors selected from the hospital
Internal Medicine team, spent about 1 h a week each
on the program. The advisors individually assessed the
appropriateness of carbapenem prescriptions. To meet
the need of a standardized process, a multi-item ques-
tionnaire was used to evaluate the prescriptions [9].
Monitoring of local antibiotic-resistance rates The ASP
team established a collaboration with the laboratory of
microbiology of our institution, which was designated
to provide a 6-month hospital antibiogram, informing
about antimicrobial resistance rates of the principle
pathogens isolated at the hospital level. Local antibiotic-
resistance rates can be made available on request.
Monitoring of antibiotic consumption The hospital phar-
macy quarterly provided a report on consumption of all
the antibiotic drugs for systemic use in the Internal Med-
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icine wards. Antibiotic consumption was expressed in
DDDs/1000 occupied bed days; DDDs were calculated
following the Anatomical Therapeutical Chemical Clas-
sification/Defined Daily Doses (ATC/DDD) methodol-
ogy recommended by the WHO [10].

Patients

Two trained medical students, supervised by two clini-
cians of the ASP team, retrospectively reviewed the clinical
records of all patients discharged from the Internal Medi-
cine ward in two sample periods of 2 months each: from 1
October to 30 November, 2015 (period 1) and from 1 Octo-
ber to 30 November, 2016 (period 2), before and after the
activation of the ASP (Table 1). We include in the study all
patients who received at least 24 h of systemic antibiotics
as empiric therapy during hospitalization. Patients who had
received antibiotic therapy for prophylactic treatment were
excluded.

The following data were collected: age, gender, class of
antibiotic used, changes and duration of antibiotic therapy,
length of hospital stay, and in-hospital mortality.

Numerical data were reported as mean + standard
deviation.

Table 1 Study periods

October 1-November 30, 2015: period 1

April 2016: implementation of the Antimicrobial Stewardship Pro-
gram

October 1-November 30, 2016: period 2

Fig. 1 Flow chart generating
study samples

PERIOD 1 635
Oct-Nov

2015 discharged

PERIOD 2 648
Oct-Nov

2016 discharged

patients —>

patients —>

Sample size calculation

A 1-day survey performed in our Internal Medicine ward in
October 2015 shows that 45% of patients are on antibiotic
therapy (unpublished data). Based on this assumption, the
sample size was calculated to detect an 8% reduction of the
patients on antibiotic therapy after implementation of the
ASP, from 45% in period 1-37% in period 2, with a 5% prob-
ability of type I error (alpha 0.05) and a 20% probability of
type Il error (beta 0.2). The number of observations required
was at least 1184 (592 per each period).

Statistical analysis

Statistical analysis was performed using the Student’s ¢ test
for parametric data and by means of Chi-square test or exact
Fisher test for nonparametric data, when appropriate. Dif-
ferences were considered significant for a value of p <0.05.
All analyses were carried out using MedCalc® version 12.3.0
(MedCalc Software; Mariakerke, Belgium).

Results
Description of study samples

The flow chart generating the two study samples is shown
in Fig. 1. In period 1, 272 out 635 patients discharged from
our unit received a systemic antibiotic as empirical therapy.
In period 2, 238 out of 648 patients discharged from our unit
received a systemic antibiotic as empirical therapy.

23 patients on prophylactic
antibiotic therapy and 7
patients on targeted
antibiotic therapy

302 patients
treated with a
systemic antibiotic

272 patients on empirical
antibiotic therapy.

260 patients a
treated with a 238 patients on empirical
systemic antibiotic antibiotic therapy

&
\ 22 patients on prophylactic

antibiotic therapy
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Main results

The percentage of patients treated with antibiotics was
42.8% (272/635) in period 1 and 36.7% (238/648) in period
2; the 6.1% reduction was statistically significant (p <0.05)
(Table 2).

Overall antibiotic consumption decreased by 5.3%, from
49.5 DDD per 100 bed days in period 1-46.9 in period 2.

The main classes of antibiotic prescribed as empiric ther-
apy are reported in Table 3, both as percentage of treated
patients and as number of DDD per 100 bed days. The per-
centage of patients treated with carbapenems has more than
halved, from 5.7% in period 1-2.1% in period 2 (p <0.05).
Similarly, the number of DDD per 100 bed days of carbap-
emens decreased from 3.0 to 0.6 (—80%). The percentage
of patients treated with metronidazole was also significantly
reduced, while differences in the use of other classes of anti-
biotics were not significant.

The majority of patients were treated with antibiotic mon-
otherapy in both periods (68 and 64%) and the most frequent
route of administration was the intravenous (Table 4). Anti-
biotic therapy has been changed more frequently in period
2 compared to period 1 (36 vs 24%, p <0.05), with a similar
proportion of de-escalation, escalation, and maintenance of
the same spectrum. No significant differences were observed

with respect to duration of therapy and switching from intra-
venous to oral route of administration (Table 4).

The length of hospital stay and the rate of in-hospital
mortality did not significantly change from period 1 to
period 2 (Table 5).

Discussion
Main results

The main finding of this study is that the implementation
of a multifaceted ASP is able to reduce the consumption
of antibiotics in an internal medicine ward of an Italian
medium-sized hospital. This result is obtained both in terms
of reduced percentage of treated patients (—6.1%) and in the
number of DDD per 100 bed days (—5.3%), and is particu-
larly relevant for carbapenems (—80%). Limiting the use and
increasing the appropriateness of antibiotic treatment is of
straightforward clinical importance in Italy, where the hos-
pital antibiotic consumption and the multi-resistant bacteria
rate are among the highest in Europe [6]. The greatest con-
cern is due to the high resistance, with a dramatic increase
of the percentage of carbapenem-resistant Klebsiella pneu-
moniae isolates in recent years, from less than 1% in 2008

Table 2 Study patients

Period 1 Period 2 Statistical
signifi-
cance

Patients who received at least an antibiotic ~ 272/635 (42.8%) 238/648 (36.7%) p<0.05
as empirical therapy/all the patients
Males/females 144/128 (53/47%) 134/104 (56/44%) ns
Age (years) 78.7+11.7 78.1+12.0 ns
Patients aged > 65 years 242 (89%) 209 (88%) ns
Table 3 Classes of antibiotics used in the two study periods
Period 1 number Period 2 number Statistical ~ Period 1 Period 2 Absolute and % difference
and % of treated and % of treated signifi- DDD/100 bed DDD/100 bed
patients patients cance days days
Third-generation cepha- 136 (50%) 109 (45.4%) ns 14.9 12.7 -2.2;-15.6%
losporins
Beta lactams plus beta- 83 (30.5%) 87 (36.5%) ns 11.2 13.3 +2.1;+18%
lactamase inhibitors
Macrolides 44 (16.1%) 46 (19.3%) ns 9.4 9.6 +0.2; +2.0%
Fluoroquinolones 33 (12.2%) 18 (7.6%) ns 5.8 6.2 +0.4;+6.9%
Metronidazole 27 (10%) 11 (4.6%) p<0.05 2.0 0.9 —1.1; = 55.0%
Carbapenems 15 (5.7%) 5(2.1%) p<0.05 3 0.6 —2.4; —-80.0%
Glycopeptide antibiotics 14 (5.4%) 5(2.1%) ns 1.9 1.8 -0.1;-53%
Aminoglycosides 11 (3.9) 6 (2.5%) ns 1 1.4 +0.4; +40%
Other classes 14 (5.4%) 9 (3.8%) ns 0.3 0.4 +0.1; +33%
Overall 49.5 46.9 -2.6;,-53%
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Tab]g4 . Management of Period 1 Period 2 Statistical
antibiotic therapy signifi-
cance
Antibiotic monotherapy (% of patients) 68% 64% ns
Antibiotic combination therapy (% of patients) 32% 36% ns
Intravenous route of administration (% of patients) 86% 86.5% ns
Duration of in-hospital antibiotic treatment (days) 6.0+4 6.5+4 ns
Antibiotic prescription at discharge (% of patients) 51% 41% ns
Change of therapy (number and % of patients) 74 (24.0%) 94 (36.0%) p<0.05
De-escalation (number and % of patients) 48 (17.6%) 52 (21.8%) ns
Escalation (number and % of patients) 17 (6.3%) 26 (10.9%) ns
Spectrum unchanged (number and % of patients) 9 (3.3%) 16 (6.7%) ns
Switching from iv to oral route (number and % of patients) 11 (4.0%) 9 (3.8%) ns
Table 5 Length of in-hospital stay and in-hospital mortality
Period 1 Period 2 Statistical
signifi-
cance
Length of in-hospital stay of the patients on antibiotic therapy (days) 7.87+£5.5 8.28+4.5 ns
Length of in-hospital stay of the patients not on antibiotic therapy (days) 6.27+4.3 6.79+£3.5 ns
In-hospital deaths in the patients on antibiotic therapy 23 (8.5%) 19 (8.0%) ns
In-hospital deaths in the patients non on antibiotic therapy 20 (5.9%) 25 (6.1%) ns

t0 33% in 2015 [11]. In our region (Tuscany), this resistance
rate reached 46.2% in 2014 [8]. The significant reduction
in the use of the carbapenems that was obtained may con-
tribute to hinder the further emergence of resistance. These
antibiotics are among the few means that we have to fight
against many multi-resistant bacteria, such as the Extended
Spectrum Beta-Lattamase (ESBL) producing species, and
one of the main interventions of the ASP was to make doc-
tors aware that carbapenems should be reserved for selected
cases of suspected or confirmed infection by bacteria resist-
ant to the most common antibiotics.

Currently, there is no reference standard on the amount
of antibiotics used in the Italian Internal Medicine wards.
The literature data show a great variability between dif-
ferent types of hospital and between different hospital set-
tings. A prospective multicenter observational study on
the antibiotic use in Internal Medicine wards of a different
Italian region (Lazio) reports that 58.2% of the in-hospital
patients are on antimicrobial treatment [12], with wide
variability between the different centres (range 17-71%).
This value is higher than those we have observed in the
present study, both before and after ASP implementation
(42.8 and 36.7%), and confirms the wide heterogeneity
existing between the Italian units of internal medicine. A
recent survey [13] shows that antibiotics are used by 33.2%
of patients admitted to 53 medical wards of Southern

Europe; lower values are observed in Western (23.4%),
Northern (29.8%), and Eastern Europe (11.6%).

The length of the in-hospital antibiotic treatment is not
substantially modified by ASP implementation; however,
it was already short and in line with the recommendations
of the literature before the ASP intervention (6 + 4 days),
so that it was unlikely and not necessarily appropriate to
get a further reduction. Another interesting result of the
ASP implementation is the increase in changes of anti-
biotic therapy during hospitalization (from 24 to 36% of
patients). This is probably due to the more frequent revi-
sion of the therapeutic schemes, according to our local
guidelines, which recommend a critical control of the ther-
apy, based on clinical and microbiological data, at least
every 72 h. The multidisciplinary team intends to make the
periodical revision of the therapy mandatory, by an alert
included in the electronic medical record.

A concern about the ASPs is the possibility that the
reduction of antibiotic use could determine an increase in
the length of hospital stay or mortality. Although none of
these events are observed in the present study, it should be
underlined that the size of the patients’ sample was not cal-
culated for this purpose. However, a large review including
221 randomized and non-randomized studies indicates that
interventions to improve antibiotic prescribing practices
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for in- hospital patients can reduce antibiotic use without
adversely affecting the length of stay and mortality [14].

Antimicrobial Stewardship Program

When our multidisciplinary team began the design of the
ASP (October 2015), there were no National or regional
rules and guidelines on the use of antibiotics. Most hos-
pitals had their own regulation, usually focused on con-
trolling the prescription of high-cost antibiotics. At that
time, ASPs were designed and implemented at the level of
individual hospitals or individual departments, without a
national or regional coordination. Therefore, we designed
an ASP suitable for our Internal Medicine ward following
the international recommendations [15, 16].

In the following years, regional documents [17, 18] and
a National plan on the fight against antibiotic resistance
were published [11]. These documents include antimicro-
bial stewardship interventions and antimicrobial resistance
monitoring to be implemented in the coming years.

Various modalities of antimicrobial stewardship inter-
ventions have been used to obtain a reduction of unneces-
sary antibiotic use (educational, restrictive, structural, or
mixed) [14]. We have chosen a mixed intervention pro-
gram, consisting of a restrictive control over the use of
carbapenems associated with a multifaceted educational
method. What is the most effective stewardship method
is still the subject of debate [14]. Restriction in the use
of an antibiotic is a rapidly effective method [19], but, if
not associated with educational intervention, may rapidly
lose its effectiveness after discontinuation [14, 19]. On the
other hand, although effective in various clinical settings
[20-24], the educational method also has some limita-
tions. Namely, the results are obtained slowly, a large use
of time and resources is required and some studies have
not shown a significant clinical efficacy when used alone
[25, 26]. The combination of restrictive and educational
interventions is probably the best way to obtain fast and
lasting results over time [14]. With a mixed educational
and restrictive method similar to that used in our study, a
reduction in the consumption of antibiotics, particularly of
carbapenems, cephalosporins, and fluoroquinolones, was
obtained in a university hospital in northern Italy [27].

According to our experience, all steps of the ASP must
be implemented carefully. A crucial point was to establish a
stable relationship with the pharmacists and microbiologists
of our hospital to obtain periodic of data about antibiotic
consumption and local microbial resistance. Equally impor-
tant, as widely described in the literature [23, 28-30], were
the periodic meetings with all doctors of the ward, during
which feedback on local data compared with those of similar
institutions and on personal performance were provided.
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Costs

The costs have not been measured in detail. However, we
estimate that the pharmacist and two advisors in charge
of checking the appropriateness of the carbapenems pre-
scription had spent on the program about 1 h a week each.
Considering the savings obtained with the reduction in the
use of antibiotics, we believe that the cost of the program
is not particularly high and is overall sustainable.

Strengths and limitations of the study

We have shown that a multifaceted educational and restric-
tive program is able to reduce the consumption of antibiot-
ics in an Internal Medicine ward of a medium-sized Italian
hospital in a relatively short time and with sustainable
costs. These results are of a considerable importance in
Italy, a nation with a dramatic and increasing spread of
antimicrobial resistances, and in which a global plan to
combat antimicrobial resistance has been formulated only
a few months ago and is still far from being implemented
[11]. Our ASP may serve as a model for other Italian
Internal Medicine units to address the issue of antibiotic
therapy appropriateness [31], keeping in mind that each
program should be tailored according to the specific char-
acteristics of the single hospital.

The present study has some limitations. First, this is a
monocentric study performed on a relatively small number
of patients, so we are not sure that the program could be
applied with the same results in other hospitals. Second,
the outcome of the ASP was analyzed in a single period
of time after its implementation and no information is cur-
rently available on the long-term duration of these effects.
To obtain such data, the analysis of time series will be
necessary with more observations at regular time intervals.

Another limitation of this study is the lack of evalua-
tion of some relevant clinical indicators, in particular the
impact of the ASP on the diffusion of nosocomial infec-
tions (e.g., C. difficile) and on the diffusion of resistant
pathogens. We decided not to evaluate these indicators
at the current stage, because the ASP was applied only in
our unit, which counts about one quarter of the beds of
the entire hospital, for a relatively short time. The ASP
efficacy in minimizing nosocomial infections and reducing
resistant pathogens will be more properly evaluated when
the intervention will be implemented throughout the hos-
pital for longer time, as we plan to do. Available data look
encouraging, because antibiotic stewardship programs
have been shown to significantly reduce the incidence of
infections and colonization with antibiotic resistant bacte-
ria and C. difficile infections in hospitalized patients [32].
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Conclusions

In conclusion, the results of this study indicate that the
ASP we implemented, consisting in educative and restric-
tive interventions, has been able to significantly modify the
use of antibiotic therapy in an Internal Medicine ward. We
obtain a significant reduction of antibiotic consumption,
particularly of carbapenems, and this result is of great value
in the attempt to limit the spread of antimicrobial resist-
ance. The interventions included in our ASP may serve as a
model for other Internal Medicine units to address the topic
of antibiotic therapy appropriateness. Further assessments
are needed to confirm these findings and hopefully amelio-
rate the program over time.
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