
Introduction

Sepsis is a condition, affecting 19 million of people
worldwide per year even if the real incidence, presum-

ably far higher, is projected to increase by 1.5% per
year.1,2 Sepsis arises when the response to an infection
injures patient’s tissue and organs and represents the
10th leading cause of death in the United States. 

About 28.6% of patients with sepsis die, reaching
40-60% in case of septic shock, even when optimal
treatment is given3,4 accounting for 50% of intra-hos-
pital mortality5,6 with average costs over 24 billion
dollars per year.7

Septic shock is diagnosed in 2% of patients admit-
ted to the hospital with half of these needing treatment
in Intensive Care Unit (ICU), representing 10% of all
ICU admissions.2

Mortality and costs of patients with sepsis depend
on several factors: appropriate and prompt manage-
ment, invasiveness of microbial pathogens, source of
infection and presence of risk factors. Inadequate an-
timicrobial therapy and antimicrobial resistance are ex-
tremely linked, increasing the rate of severe infections
such as in case of ESKAPE pathogens, for their ability
to escape the antimicrobial action of antibiotics that rep-
resents a new challenge for transmission and resistance
spread (Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa and Enterobacter spp.)
which impact on mortality and global economy.8,9

The risk is higher in people with weakened im-
mune systems, chronic illnesses [diabetes, AIDS, can-
cer, chronic obstructive pulmonary disease (COPD)
and kidney or liver disease], elderly people, infants
and children, severe burn or physical trauma.10
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Antimicrobial resistance (AMR) is highly influ-
enced by antibiotic consumption with a rapid increase
in the use of last generation compounds as glycylcy-
clines, oxazolidinones, carbapenems, and polymyxins.

The Infectious Disease Society of America (IDSA)
defines the antimicrobial stewardship (AMS) as a set
of interventions to decrease the inappropriate use of an-
timicrobials by encouraging the correct choice in terms
of antimicrobial class, dose, duration of therapy, and
way of administration. On this basis, a prompt and ac-
curate clinical and microbiological diagnosis is neces-
sary to start appropriate therapy as soon as possible.
Obtaining a good medical history represents the first
step to make an accurate diagnosis, allowing to reach
diagnosis in 76-90% of cases. The following adequate
physical examination, laboratory or imaging tests allow
the increase of the percentage of diagnosis.11 The choice
of the appropriate antimicrobial therapy requires the
identification of the site of infection and of the potential
causal pathogens. Collection of biological samples
(specimens from suspected site of infection and three
sets of blood culture) has to be performed within 1 hour
from symptoms onset before starting antimicrobial ther-
apy.12,13 Simultaneously, some bioumoral markers, such
as procalcitonin (PCT) have been proposed to improve
sensitivity and specificity of the diagnosis and guide the
empirical approach.14

PCT monitoring has been demonstrated to be use-
ful for antimicrobial therapy starting and discontinu-
ation. It has been estimated that PCT monitoring leads
to cost savings of about 9% per patient per hospital-
ization, due to decreased antibiotic therapy duration,
hospital and ICU lengths of stay and global reduction
in pharmacy costs.15 In a recent study involving 14,000
ICU patients in 75 countries, Gram-negative bacteria
were isolated in 62% of patients, Gram-positive bac-
teria in 47%, and fungi in 19%. S. aureus and Strepto-
coccus pneumoniae are the most common
Gram-positive isolates, whereas Escherichia coli,
Klebsiella species, and P. aeruginosa predominate
among Gram-negative isolates.16 Blood cultures are
typically positive in only one third of cases, and in up
to a third of cases, cultures from all sites are negative.
Especially in case of negative culture, PCT measure-
ment can guide bacterial diagnosis, differentiating
Gram-negative, Gram-positive and fungal infections
based on PCT cut-off values, to set up a more oriented
empirical therapy.17

Patients hospitalized for sepsis had an average
length of stay of 75% longer than patients hospitalized
for other conditions, with a median length of stay
(LOS) of 22 days. After sepsis recovery, a severe dis-
ability could be residual; 50% of the patients are likely
to be discharged home, the remaining could need
transfer to short- or long-term care facility.18,19 Multi-
ple studies have shown that patients managed by a

hospitalist have a shorter length of stay and lower hos-
pital costs than those managed by other physicians.20

In 2009, Peterson et al. reviewed 18 reports that
compared care by hospitalists vs non hospitalists; in
15 reports, there were no differences in the 30-day
death rate or the readmission rate; in 3 reports, mor-
tality and readmissions were less frequent for hospi-
talist patients; this variability could be influenced by
hospitalist skills.20 Cost-effective care by hospitalists
does not diminish the quality of care as measured by
in-hospital mortality or the readmission rate. 20

For septic patient management we elaborated a clin-
ical methodology based on the application of a new
clinical and diagnostic algorithm and the institution of
an AMS program with the aim to reduce mortality, need
for intensive care transfer and length of stay, as indica-
tors of antimicrobial stewardship efficiency. 

Materials and Methods

The observational study was performed on 231
randomly consecutive enrolled patients with diagnosis
of sepsis or septic shock admitted to the Department
of Internal Medicine with sub-intensive care unit and
General Surgery of the University Hospital Campus
Bio-Medico of Rome, between 2016 and 2018. In-
formed consent was obtained from all patients prior
enrollment to the study. The study was approved by
the Ethical Committee of the University Hospital
Campus Bio-Medico of Rome. Inclusion criteria were
as follows: patients with sepsis and septic shock de-
fined by Third Consensus Sepsis Conference.21 Exclu-
sion criteria were the absence of informed consent and
pregnancy. Clinical evaluation was always performed
by the same medical staff including hospitalists rep-
resented by Internists practicing Hospital Medicine
with specialized training in infectious diseases. 

At inclusion, the day, demographic characteristics,
prior or current use of antibiotics, risk factors for sep-
sis, clinical presentation, and bioumoral parameters
were recorded. The sequential organ failure assess-
ment (SOFA) score and the quick SOFA (qSOFA)
score were calculated at inclusion.21 Furthermore, data
on microbiological culture/isolation and resistant phe-
notype, were collected. 

The primary outcome was to reduce mortality,
need for intensive care transfer and length of stay, as
indicators of antimicrobial stewardship efficiency.

Mortality rates from our study were compared
with data from a multi-centric national study
performed on septic patients in Internal Medicine
Departments by Mirijello et al.22

Data on need of ICU transfer in the study group
were compared with European data from an English
survey performed on septic shock patients by
Mouncey et al.23
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The clinical methodologies used for algorithm
building are reported in Table 1.24-32

Following the proposed algorithm, showed in Fig-
ure 1, the patient with suspected acute infection was
evaluated by hospitalists belonging to the AMS clini-

cal staff who is in charge of suggesting laboratory bio-
markers order (especially PCT), microbiological cul-
tures and pharmacokinetic (PK) monitoring, to
improve diagnosis and optimize antimicrobial therapy.
Daily clinical revaluation and PCT measurement dur-
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Table 1. Clinical methodology used for algorithm building. 

a     Accurate diagnosis and set up of an appropriate and adequate antimicrobial therapy

b     The choice of the appropriate antimicrobial therapy requires the identification of the site of infection and of the potential causal pathogens,
risk factors of the patient, colonization status for ESKAPE pathogens and PCT value

c     Identification of the colonization status for ESKAPE pathogens before the development of clinical infection, to direct the treatment in case
of prophylaxis or clinical infection

d     Discrimination between real infection and colonization by clinical presentation, positivity of bioumoral markers and/or cultures

e24     Screening swabs are reserved for patients at high risk of ESKAPE pathogens colonization on Hospital Admission: residence in a long-
term-care facility, hospitalization - within 1 month -, recent antibiotic exposure - with 3 months -, age >70 years, history of cerebrovascular
accidents, according to Tseng et al. (2017) or even coming from other hospitals or Emergency room or critical illness in our University
Hospital

f      Hit hard and early in case of clinical infection presenting in colonized patients by appropriate and early administration of antimicrobial
therapy

g25    Avoid bacterial cultures of samples collected from drainage catheters in place for more than 48 h yielding potentially misleading results
and inappropriate overtreatment

h24    Avoid Clostridioides difficile infection, limiting the prescription of clindamycin, macrolides, fluoroquinolones and II-III generation
cephalosporins, carbapenems, proton pump inhibitors; stopping cephazolin prophylaxis at the end of the surgery and improving nutrition

i26      Prefer bedside evaluation to telephone consultation

j27      Consider the ability of the antimicrobial compounds to arrive at the infectious site by evaluation of the albumin level, the body mass index,
the presence of renal failure, lipophilic and hydrophilic characteristics 

k28    Calculate the daily dose evaluating the estimated glomerular filtration rate in case of renal failure

l      As soon as the causal pathogen is isolated, switch from empirical to target therapy evaluating if a de-escalation is appropriate; switch from
intravenous to oral administration within 48-72 h if possible; shorten the duration of therapy as little as possible

m    Provide combination therapy in severe, or suspected ESKAPE infections, always in course of colistin and rifampicin, and the use of broad-
spectrum antibiotics, also in case of monomicrobic culture

n     Stop therapy after short course of antimicrobial therapy (5 days) at the regression of clinical signs of local or systemic infection, in the ab-
sence of purulent collection at imaging (source control), at PCT decrease by 80% or more of its peak value, or to <0.5 ug/L, or in case of
pneumonia to value lower than 0.1 ug/L29

o     Continue therapy for 7-10 days in critically ill, immunocompromised patients and in case of MDR infection, with poor prognosis predictors,
following PCT value decrease30

p     Dose PCT daily for the first five days from antimicrobial therapy start as guide for cessation, since short-course demonstrated to be as ef-
fective as the long-course one29,30

q     Provide longer courses of antimicrobial therapy (>5 days) in case of infections by Staphylococcus aureus, Pseudomonas aeruginosa, Le-
gionella spp and Pneumocystis spp (21 days), C. difficile (10 days or prolong by further 10 days after stopping of antimicrobial therapy for
other causes) and systemic fungal infections (14 days from last negative blood culture). Longer courses are also recommended in case of
endocarditis or suppurative thrombophlebitis (4-6 weeks), osteomyelitis (6 weeks-3 months), Streptococcus pneumoniae meningitis (2
weeks), Lysteria spp meningitis (≥3 weeks), Gram-negative bacilli meningitis (3 weeks), or uncomplicated catheter related bloodstream
infections by Enterococcus spp and Gram-negative bacilli (1-2 weeks)

r      Tailor antifungal therapy for each patient. Antifungal therapy is recommended in septic shock or febrile neutropenia. Consider empirical
therapy in case of febrile patients with fungal colonization or C. difficile infection and low PCT value

s31     Get bronchoalveolar lavage for molecular detection of respiratory viruses, if clinically indicated, especially in ICU setting, for etiology
definition and limit antibiotic prescribing

t      For optimal therapy PK monitoring is suggested daily or every other day for at least aminoglycosides, vancomycin and linezolid (especially
in neoplastic patients), to avoid the onset of adverse effects, as acute kidney injury or myelotoxicity, the delay of patient’s discharge and to
reduce costs

u     Source control (involving imaging studies, surgical or percutaneous drainage of body collections, removing infected devices, where indi-
cated) is mandatory

PCT, procalcitonin; MDR, multi-drug resistant; ICU, Intensive Care Unit; PK, pharmacokinetic.

Non
-co

mmerc
ial

 us
e o

nly



ing the first five days were used to follow antimicro-
bial therapy.32

On the fifth day, the regression of clinical signs of
local or systemic infection, the absence of critical ill-
ness, immunocompromised status, resistant-pathogen
infection, poor prognosis predictors, the PCT decrease
by 80% or more of its peak value, or to <0.5 ug/L, or
in case of pneumonia to value lower than 0.1 ug/L, al-
lowed to stop the therapy.19,29,32

Antimicrobial therapy (AMT) for 7-10 days is sug-
gested in case of critically ill, immunocompromised
patients or with poor prognosis predictors and in case
of multi-drug resistant (MDR)-ESKAPE infection,
even in case of PCT value decrease (Figure 1).29,33-35

Longer AMT course is recommended in case of in-
fections by S. aureus, P. aeruginosa, Legionella spp,

Pneumocystis spp, Clostridioides difficile; systemic
fungal infections; in case of endocarditis or suppura-
tive thrombophlebitis; osteomyelitis; S. pneumoniae
meningitis; Lysteria spp meningitis; Gram-negative
bacilli meningitis; uncomplicated catheter-related
bloodstream infections by Enterococcus spp and
Gram-negative bacilli (Figure 1).

A tailored therapy is suggested in case of positivity
for MDR microorganisms at the surveillance swabs,
and for specific clinical data such as albumin level,
body-mass index, daily estimated glomerular filtration
rate (Figure 1). 

Adjustment or optimization of the empiric therapy
was provided at results cultures receiving. Imaging
exams were requested based on the evaluation of spe-
cific clinical conditions.
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Figure 1. Algorithm for septic patient management. a- Source control by imaging, surgical or percutaneous drainage of body
collections, removing infected devices; b-, c- Need for antimicrobial therapy (AMT) courses > 5 days in case of critically ill,
immunocompromised patients or poor prognosis predictors and ESKAPE pathogens infection. In case of Staphylococcus aureus,
Pseudomonas aeruginosa, Legionella and Pneumocystis spp prolong by 21 days; Clostridioides difficile infection by 10 days
or further 10 days from antimicrobial therapy stop; systemic fungal infections by 14 days from last negative blood culture; en-
docarditis or suppurative thrombophlebitis by 4-6 weeks; osteomyelitis by 6 weeks-3 months; Streptococcus pneumoniae menin-
gitis by 2 weeks; Lysteria spp meningitis for ≥3 weeks; Gram-negative bacilli meningitis by 3 weeks; uncomplicated
catheter-related bloodstream infections by Enterococcus spp and Gram-negative bacilli by 10-14 days; d- Procalcitonin (PCT)
decrease by 80% or more of its peak value, or to <0.5 ug/L, or in case of pneumonia to value lower than 0.1 ug/L, allows stop
therapy at the regression of clinical signs of infection and after source control. *by clinical methodology reported in Table 1.
AMS, antimicrobial stewardship; BMI, body mass index; PCT, procalcitonin; eGFR, estimated glomerular filtration rate; PK,
antimicrobial pharmacokinetic.
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After algorithm application, clinical indicators as
mortality rate, need of ICU transfer, LOS were
evaluated. Mortality rate was estimated as in-hospital
mortality and 90-day mortality analyzing electronic
data as well by phone recall. Need of ICU transfer has
been considered during the period from sepsis onset
to discharge or death. Patients who died were excluded
from the analysis examining LOS. Clinical indicators
were compared with those observed in the control
population.

For age and LOS median values were evaluated.
Mortality and ICU transfer rates were compared using
χ2 test for proportions. P values <0.05 were considered
as statistically significant. Data have been analyzed
using Med-Calc 11.6.1.0 statistical package (MedCalc
Software, Mariakerke, Belgium).

Results

The characteristics of the study population are
reported in Table 2. Median age was 71 years (64-80),
and 120 (52%) were male.

One hundred and one patients (43.7%) received
chemo-radiotherapy treatment, 21 patients (11%) were
affected by autoimmune disease or were receiving
immunosuppressive treatments (Table 2). 

Regarding comorbidities distribution, 60 patients
(25.9%) had chronic kidney failure, 16 patients (6.9%)
chronic liver failure, 47 patients (20.3%) were affected

by diabetes, while 46 patients (19,9%) by COPD. 
Age, sex and comorbidities distribution of study

population were compared with those from the multi-
centric national survey performed by Mirijello et al.22

No significant difference was found between the two
populations. 

Resistant pathogens were isolated in 31 patients
(14.7%) of which MDR-ESKAPE pathogens were
detected in 8 patients (3.4%), while methicillin-
resistant S. aureus (MRSA) in 4 patients (1.7%).
94/231 patients (40.7%) had septic shock, while 137
patients (59.3%) suffered from sepsis (Table 2). 

Regarding clinical indicators of interest, need of
ICU transfer was registered in 50/231 patients (21.6%)
while median LOS was 15 days [interquartile range
(IQR) 11-26 days] (Table 2). 

The global mortality rate was 26.8% (62/231
patients) of which 3.9% (9/231) was intra-hospital and
23% (53/231) was 90-day mortality (Table 3). In
septic shock patients, intra-hospital mortality was
8.5% (8/94 patients) and 90-day mortality was 38.3%
(36/94 patients), whereas in sepsis intra-hospital was
0.7% (1/137) and 90-day mortality was 12.4% (17/137
patients) (Table 3). 

In the study group, data of global mortality, intra-
hospital and 90-day mortality were significantly lower
than those reported from the reference Italian survey
(26.8% vs 63.6%, P<0.0001; 3.9% vs 25%, P<0.0001;
and 23% vs 37.5%, P=0.0092). The survey was per-
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Table 2. Demographic and clinical characteristics of study population. 

Variables                                                                                                                                                                               Study group=231

Median age (IQR)                                                                                                                                                                        71 (64-80)

Sex male n. (%)                                                                                                                                                                             120 (52)

Chemo-radiotherapy in active malignancy n. (%)                                                                                                                      101 (43.7)

Autoimmune disease/ immunosuppressive therapy n. (%)                                                                                                           21 (11.0)

Chronic kidney failure n. (%)                                                                                                                                                       60 (25.9)

Chronic liver failure n. (%)                                                                                                                                                            16 (6.9)

Diabetes mellitus n. (%)                                                                                                                                                                47 (20.3)

COPD n. (%)                                                                                                                                                                                 46 (19.9)

Resistant pathogens isolation n. (%)                                                                                                                                             31 (14.7)
MDR-ESKAPE pathogen isolation n. (%)                                                                                                                                  8 (3.4)
MRSA isolation n. (%)                                                                                                                                                                 4(1.7)

Sepsis n. (%)                                                                                                                                                                                137 (59.3)

Septic shock n. (%)                                                                                                                                                                       94 (40.7)

Need of ICU transfer n. (%)                                                                                                                                                          50 (21.6)

Median LOS in day (IQR)                                                                                                                                                          15.5 (11-26)
Median LOS in SS                                                                                                                                                                  14.5 (10-25)
Median LOS in S                                                                                                                                                                     16.5 (11-28)

IQR, interquartile range; COPD, chronic obstructive pulmonary disease; MDR, multi-drug resistant; MRSA, methicillin-resistant Staphylococcus aureus; ICU, Intensive Care Unit;
LOS, length of stay; S, sepsis; SS, septic shock.
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formed on a septic patient population comparable for
age, sex, comorbidities, hospital and country settings.22

Stratifying patients by sepsis and septic shock, in
sepsis intra-hospital mortality was 0.7% vs 26.1%
(P<0.0001) and 90-day mortality was 12.4% vs 45.6%
(P<0.0001), whereas in septic shock intra-hospital
mortality was 8.5% vs 42.3% (P<0.0001) and 90-day
mortality was 38.3% vs 46.1% (P=0.47). 

In the study group, the need for ICU transfer was
registered in 30/94% (31.9%) of patients with septic
shock. It was significantly lower than the rate reported
in the English survey on 1261 septic shock patients
(31.9% vs 80.8% P<0.0001). 

The median LOS of the study group was 15 days
(IQR 11-26 days), in particular it was 14.5 days (IQR
10-25 days) in septic shock patients and 16.5 days
(IQR 11-28 days) in sepsis. 

Discussion

Adequate clinical management including prompt
diagnosis and tailored therapy represent key factors
reducing morbidity and mortality of septic
patients.32,36,37 In this study, the application of a new
algorithm for the clinical management of septic
patients determined lower mortality rates in
comparison with literature data.19,23,38 In particular, the
mortality rates were significantly lower than those
reported in the multi-centric national survey
performed by Mirijello et al. on a comparable
population of septic patients for age, sex,
comorbidities, hospital and country settings.22

Both intra-hospital mortality and 90-day mortality
were lower despite the higher complexity of patients
of the study group, and it is well known that patients
hospitalized for sepsis were then eight times as likely
to die during their hospitalization.18

The evidence of significant lower intra-hospital
mortality in septic patients from the study group, 3.9%

vs 25%, exactly 0.7% vs 26.1% in sepsis and 8.5% vs
42.3% in septic shock patients, suggests an
improvement of clinical management and consequent
outcome in these patients. Intra-hospital mortality is a
more appropriate indicator to evaluate recovery from
sepsis event during the acute phase than 90-day
mortality where anti-inflammatory response syndrome
or persistent inflammation, immunosuppression and
catabolism syndrome can determine poor prognosis.30

Regarding 90-days mortality, it resulted
significantly lower comparing data with the national
survey (23% vs 37.5%) but also with the current
literature ranging from 28% to 50% with higher
percentage in septic shock patients.3-6

In Holland the 28-day mortality, for a septic event,
ranged from 19.6 to 25%.19 In England the 28-day
mortality, for a septic event, was 25%, while the 90-
day mortality was 29.5%.23 In South East Asia the
28-day mortality was 34.61% in case of patients with
severe sepsis and 59.09% in those with septic shock.38

Concerning the need for ICU transfer, the
registered percentage was significantly lower than the
rate reported in the English survey on septic shock
patients (31.9% vs 80.8% P<0.0001), suggesting that
the application of the proposed algorithm could have
a significant impact on ICU transfer need. Transfer
rate, representing an index of disease severity, has
been related to prolonged LOS, risk for AMR
pathogen selection or acquisition and health costs
increase.18

The median LOS of the study group was 15.5
days, comparable to that reported in Holland, England
and South East Asia, ranging from 12.5 to 22 days
respectively and it was independent from the best
clinical management applied but influenced by the
complex physiopathology of sepsis.19,23,38

Overall, these data suggest that the application of
the algorithm allows a tailored clinical management
of septic patients. 

In the algorithm, some important actions have
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Table 3. Global mortality rate, intra-hospital and 90-day mortality rates registered in the study population and after
stratification for sepsis and septic shock in comparison with data from a national survey.

                                                                                                  Study population                             Mirijello et al.29                                             P*
                                                                                               n=231; S=137; SS=94                      n=88; S=46; SS=26

Global mortality n (%)                                                                      62 (26.8)                                          56 (63.6)                             <0.0001

Intra-hospital mortality n (%)                                                             9 (3.9)                                              22 (25)                              <0.0001

Mortality at 90 days n (%)                                                                 53 (23)                                            33 (37.5)                              0.0092

Intra-hospital mortality in S n (%)                                                      1 (0.7)                                            12 (26.1)                             <0.0001

Intra-hospital mortality in SS n (%)                                                   8 (8.5)                                            11 (42.3)                             <0.0001

Mortality at 90 days in S n (%)                                                        17 (12.4)                                          21 (45.6)                             <0.0001

Mortality at 90 days in SS n (%)                                                      36 (38.3)                                          12 (46.1)                                0.47

*χ2 for proportion. S, sepsis; SS, septic shock.
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been described such as tailored empirical therapy
based on the origin of infection and/or accurate etio-
logical diagnosis; respect of the golden hour (prompt
request of microbiological cultures and biomarkers
and empirical therapy administration); constant clini-
cal management of patients and bioumoral monitor-
ing; empiric therapy switching to pathogen-based
therapy; antibiotic therapy duration on the basis of the
presence of critical illness, immunocompromised sta-
tus, resistant pathogens, poor prognosis predictors, and
on PCT value monitoring.19,29,32

All these represent key factors leading to signifi-
cant reduction of mortality and need for ICU transfer
with a significant positive impact on patient manage-
ment as well as on hospital cost savings. 

This study suggests that the algorithm should be
applied in medical and surgery units by a staff of hos-
pitalists dedicated to the clinical management of criti-
cally ill septic patients. This appeared to be essential
to assure the correct adherence to the algorithm actions,
thus increasing the appropriateness of ICU transfer of
septic shock patients and decreasing mortality. 

Conclusions

The proposed protocol and algorithm, throughout
an accurate diagnosis and a prompt treatment,
improved the clinical management of septic patients,
as showed by the significant decrease of intra-hospital,
90-day mortality and need of ICU transfer. This was
achieved thanks to a strict collaboration among
physicians and hospitalists (providing adequate source
control and general management of sepsis), laboratory
staff (by rapid bioumoral, microbiological cultural
reports and PK monitoring), and pharmacists
(guaranteeing prompt availability of antimicrobial
compounds), thus allowing a tailored antimicrobial
therapy administration and an optimal patient
management. 

It should be desirable that the hospital governance
could support these actions by promoting internal an-
timicrobial stewardship guidelines, monitoring antimi-
crobial costs, as well as the isolation of antimicrobial
resistant microorganisms, LOS and mortality rate for
infectious diseases.
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