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Abstract

Introduction: An online survey was conducted to characterize current infection management
practices in Italian intensive care units (ICUs), including the antibacterial and antifungal drug

regimens prescribed for various types of infections.

Methods: During February—March 2011, all 450 ICUs in public hospitals in Italy were
invited to take part in an online survey. The questionnaire focused on ICU characteristics,
methods used to prevent, diagnose, and treat infections, and antimicrobials prescribing
policies. The frequency of each reported practice was calculated as a percentage of the total
number of units answering to the question.. The overall response rate to the questionnaire was
38.8% (175 of the 450 1CUs contacted) with homogeneous distribution across the Country

and in terms of unit type.

Results: Eighty-eight percent of the responding facilities performed periodically surveillance
cultures on all patients. In 71% of patients, cultures were also collected on admission.
Endotracheal/bronchial aspirates were the most frequently cultured specimens at both time
points. Two thirds of the responding units had never performed screening cultures for
methicillin-resistant Staphylococcus aureus. Around 67% of the ICUs reported the use of
antimicrobial de-escalation strategies during the treatment phase. In general, the use of
empirical antimicrobial drug regimens resulted appropriate. Although the rationale for the
choice was not always clearly documented, the use of a combination therapy was preferred
over antibiotic monotherapy. The preferred first-line agents for invasive candidiasis were
fluconazole and an echinocandin (64% and 25%, respectively). Two thirds of the ICUs
monitored vancomycin serum levels and administered it by continuous infusion in 86% of

cases. For certain antibiotics, reported doses were too low to ensure effective treatment of



severe infections in critically ill patients; conversely, inappropriately high doses were

administered for certain antifungal drugs.

Conclusions: Although infection control policies and management practices are generally
appropriate in Italian ICUs, certain aspects, such as the extensive use of multidrug empirical
regimens and the inappropriate antimicrobial dosing, deserve careful management and closer

investigation.



Introduction

Drug prescribing patterns and clinical practices differ from country to country, but
variation has also been observed among and within medical specialties. The differences are
probably related to the needs of different patient populations, but they also reflect culture-
specific and individual attitudes and forms of decision making among physicians [1]. Among
developed countries, for example, Italy has one of the highest rates of antibiotic use [2].
Throughout the world, community use of these drugs appears to be significantly conditioned
by patients’ demand and other social factors [1,3]. This type of influences should be virtually
nonexistent in intensive care units (ICUs), where antimicrobial therapy is usually prescribed
empirically on the basis of limited evidence [4,5]. When compared with general medical
wards, ICUs displays higher rates of antimicrobial use because their patients are at higher risk
for severe nosocomial infections [6,7]. It has been estimated that over 50% of all critically ill
patients will receive at least one antibiotic during their ICU stay, in most cases for pneumonia
[8-10]. Widespread, often inappropriate, use of antimicrobials can favor the emergence of
resistances [10,11] and increase the occurrence of treatment failure, toxicity, mortality rates

as well as the rise in the costs of care among critically ill patients [10,12].

Aim of the present study was to characterize the current infection management
practices in Italian ICUs, including the characterization of the antibacterial and antifungal
drug regimens prescribed for various types of infections and the collection of evidence-based
information support in the intensive care setting. We believe that the educational intervention
programs carried out in Italy during the last years by local professional associations have
improved the infection control policies, the management practices, and the prescribing

patterns in ICU.



Materials and methods

Institutional review board approval was waived for this email-based survey since it
did not involve collection of data on individual patients. The survey questionnaire was
prepared by a panel of experts in the fields of intensive care, infectious diseases,
pharmacology, and microbiology and endorsed by the Societa Italiana di Anestesia Analgesia
Rianimazione e Terapia Intensiva (SIAARTI, Italian Society of Anesthesia and Intensive
Care) and organized in different sections. Section I focused on ICUs characteristics (e.g.,
location, number of beds, level of care, type of unit / hospital). Section Il contained questions
(mostly multiple-choice) on the approaches used to diagnose and treat infections (e.g., use
and characteristics of surveillance cultures, screening procedures) and infection management
practices (e.g., consultation of infectious disease specialists, access to antimicrobial

susceptibility test, prescribing policies for antibiotics and antifungal drugs).

During the months of February and March 2011, the SIAARTI sent e-mails to all
physicians working in the 450 ICUs located in public hospitals in Italy, inviting them to
participate in the survey. The e-mail explained the purpose of the survey, the information
handling practices, and provided instructions for online completion of the questionnaire. Each
ICU director who accepted the invitation was given a password-controlled access to the
survey and was responsible to collect all the information from the physicians working in the
unit to ultimately fill one questionnaire reflecting the overall opinion and practices.
Responses submitted between 30 April and 2 June 2011 were collected blindly into a central

database and analyzed.

Submitted questionnaires were excluded from the analysis only if Section | had not

been completed. Failure to answer one or more questions in Section Il was not a cause for



exclusion .In Section 1, the frequency of each reported practice was calculated as a

percentage of the total number of units that answered the question regarding that practice.

Results and discussion

Characteristics of participating ICUs

As summarized in Table 1, 175 of the 450 ICUs responded to the questionnaires, and
they all met the inclusion criteria for data analysis (overall response rate: 38.8%). Seventy-
five (43%) participating units were located in northern Italy, 56 (32%) in central Italy, and 44
(25%) in southern regions. Most were located in small (< 500 beds, 54%) or medium-sized
(500-1000 beds, 30%) hospitals. Sixty-three (36%) were at teaching hospitals. Eight-four
percent were polyvalent ICUs, 13% were surgical units, and other unit types accounted for
the remaining 3%. Most units (n=163, 93%) contained 4-12 beds. The overall number of
admissions per year varied from 80 to 1600, although in 63% of the units the range was much
narrower (100-400 per year). The average ICU stay reported by respondents ranged from 1 to

15 days (mean 8 days).

Infection control and management practices

Responses to infection control policies are summarized in Tables 2, 3and 4 . Table 1
shows responses to questions regarding practices and resources used for the diagnosis,
prevention, and management of infections, which were answered by 146 to 162 of the 450
ICUs contacted (response rate from 32% to 36%). Information on routine empirical drug
regimens used for specific types of infections is shown in Tables 1 and 2 (response rate from
32%to 38%). Table 3 shows how major antibacterial and antifungal drugs were prescribed in

terms of doses, schedules, and methods of administration (response rate from 20% to 33%).



The number, types, and location of the 175 units that took part in our survey are quite
representative of the 450 1CUs that are present in our country. The characteristics of the
participating units are also comparable to those documented in the annual report of the Italian

Group for the Evaluation of Interventions in Intensive Care [13].

Practices and resources used for the diagnosis, prevention, and management of infections

Although the importance of surveillance cultures for detecting carriers of drug-
resistant microorganisms, improving nosocomial infection control, and guiding empirical
antimicrobial treatment in ICUs has been documented [14, 15], there are conflicting opinions

that routine surveillance cultures are indicated in critically ill patients [16]

In our study we found that 88% of the participating units periodically performed
surveillance cultures on all patients, and in 71% of cases the cultures were also collected on
admission (Table 2). Endotracheal and bronchial aspirates were the most frequently cultured
specimens at both time points (92% and 90% of the units, respectively), which reflects a
common concern among Italian intensivists of prevention and prompt detection of
pneumonia. Regarding methicillin-resistant Staphylococcus aureus (MRSA) surveillance,
although there are studies to support the use of active surveillance for high-risk patients
[17,18], there is not sufficient evidence to justify the mandatory use of this control measure
[19]. Screening programs for MRSA colonization are expensive and, for certain authors, of
dubious utility. Universal screening of large populations is not cost-effective, whereas
targeted screening of high-risk populations may deserve additional study [20]. In our survey,
two thirds of the responding units never tested for MRSA colonization. This finding was
consistent with the percentages of units that reported to collect nasal swabs at the time of the
admission (46%) and after ICU admission (22%). Although the potential role of Candida

coloniziation index for early detection of candidemia remains controversial, two recent Italian



reports support the value of this tool [21, 22],. In the survey we observed that very few units
used the Candida coloniziation index during the patients admission assessment (3%), and

fewer than 20% made regular use of the index after admission.

Over half of the participating sample (88 ICUs) received automatic alerts when
multidrug-resistant (MDR) or sentinel microorganisms were isolated. The majority of the
units were located in large and/or university hospitals in northern or central Italy. The
geographic distribution of the hospitals that provided this service reflects regional rather than
national rules. Access to information on local patterns of drug susceptibility was reported
only in around 40% of the participating units. In roughly half of these cases (33/66), the data
were updated every six (33%) or twelve (24%) months. Only three of the 66 ICUs mentioned
(4.3%) had access to weekly updates. In our opinion, these reports need to be issued at least
once a month, even if no MDR microorganisms have been isolated, to increase physicians’
awareness of the local microbial epidemiology. This seems particularly important in light of
the low number (specify the number) of units that regularly consulted an infectious disease
specialist for advice on antimicrobial use (Table 2). Two thirds of the responding units
reported the used of the procalcitonin assay. Although procalcitonin seems to be a valuable
predictor of bacterial infections and an effective tool for reducing unnecessary antibiotic use
[23,24], its universal use in critically ill patients might have negative consequences [25,26] .
Around 67% of the centers reported using de-escalation strategies during antibiotic treatment.
(In this case—and others, the possibility of discrepancies between self-perceived and actual
behaviors cannot be excluded). Although a recent Cochrane review found insufficient
evidence to recommend for or against antimicrobial de-escalation in adults with a diagnosis
of sepsis [27], this strategy appears theoretically correct and capable of promoting therapeutic

appropriateness.



Empirical antimicrobial regimens

It is complex to comment on the appropriate use of empirical antibiotic therapy given
the wide variation of resistance amongst different ICUs. However, the empirical regimens
used in Italian ICUs to treat the most common infections appear - on the whole — appropriate,
as summarized by Table 3. It is noteworthy, however, that over half the participating units
(57% to 88%) used drug combinations rather than monotherapy for all types of infection
(Table 2) and, particularly, in cases of pneumonia and postoperative peritonitis. Several
original reports and systematic reviews have raised questions regarding the benefits of
combination therapy (which generally includes at least one beta-lactam antibiotic) for serious

bacterial infections in immunocompetent and immunocompromised patients [28-30].

The frequent use of vancomycin for suspected catheter-related bloodstream infections
(41%) cannot be considered inappropriate. Nevertheless, increasing vancomycin MICs
(minimum inhibitory concentrations) - recently defined as MIC creep - have indeed been
documented in S. aureus isolates, but the impact of vancomycin MICs on outcomes is still
being debated [31]. The rationale for treating these infections with piperacillin-tazobactam
(reported in up to 12% of the ICUs) it is questionable since over 80% of these infections are

caused by Staphylococcus spp [32].

The preferred drugs reported for community-acquired and postoperative peritonitis
were beta-lactams (Table 3). It is worth noting that in 50% of the participating units
piperacillin/tazobactam, which has itself an excellent antianaereobic coverage, were used in
association with another antianaerobic drug, metronidazole. In numerous studies, this type of
redundant coverage has failed to improve clinical outcomes, and it is also associated with

adverse effects and with selection of resistant strains [33].



The preferred first-line drug for invasive candidiasis was fluconazole (64%), followed
by echinocandins (25%). Several consensus statements have been published on the treatment
of candidemia and invasive candidiasis. The Infectious Diseases Society of America
recommends fluconazole as a single antifungal agent or an echinocandin-based therapy [34].
Therefore, in 2011, the use of fluconazole was justified for stable patients, and echinocandins

were also a reasonable choice in adults.

Inadequate or delayed antifungal therapy has significantly been linked to increased
mortality [35], thus it is virtually impossible to reliably predict the nature or antimicrobial
susceptibility of the causative Candida . For these reasons, starting an empirical treatment

with fluconazole may have been considered inappropriate by many Italian clinicians.

Dosing, schedules, and administration

The data presented in Table 4 provide a picture of how antibiotics and antifungals are
being administered in Italian ICUs. This is an important point since many of the
pathophysiological changes associated with severe acute illness or sepsis (e.g., increased
capillary permeability, third spacing, increased volume of distribution, impaired renal and/or
liver function) can affect antimicrobial pharmacokinetics (PK), especially those of drugs that
are excreted renally (e.g. beta-lactams, aminoglycosides, glycopeptides). Administration of
these drugs to severely ill patients at dosages defined in studies conducted in healthy
volunteers often produces suboptimal serum and tissue concentrations [36]. The method of
administration is equally important. Beta-lactams, for example, are time-dependent
antibiotics, and a time above MIC of 80%—-100% is required for maximum activity.
Consequently, they are often administered via continuous or extended (3—4 h) infusion, an

approach that improves efficacy and may also reduce the risk of inducing resistance [37].



In most units (132/148 - 89%), daily doses of piperacillin-tazobactam ranged from
13.5to 18 g, and over half the units (59%) infused the drugs over an interval longer than 3-4
hours. Compared with intravenous bolus delivery, extended infusion of this drug
combination was recently shown to reduce mortality and shorten hospital stays in ICU
patients with Pseudomonas aeruginosa infections [38]. Around 60% of the reporting units
gave meropenem as a continuous or extended infusion. In critically ill patients at high risk for
infections caused by resistant strains of gram-negative bacteria (P. aeruginosa,
Acinetobacter), these approaches are more likely to achieve the optimal pharmacodynamic

(PD) target [39].

Several studies have emphasized the value of AUC (area under the curve) / MIC
ratios for predicting the efficacy of glycopeptide-based regimens. The most commonly used
daily doses of teicoplanin were 6 mg/kg and 12 mg/kg (corresponding to total daily doses of
400 and 800 mg, respectively) and almost all units (96%) administered a loading dose of this
drug, which is important in ICU patients to ensure rapid achievement of therapeutically
effective concentrations. Therapeutic drug monitoring (TDM) is strongly recommended
during vancomycin therapy to optimize drug exposure and prevent toxicity [40]. Two thirds
of the ICUs monitored blood levels of vancomycin, which was usually administered as a
continuous infusion (86%) (Table 3). However, three quarters of the units used standard daily
dosages (2 grams) that are probably too low for critically ill patients. A recent PK/PD
analysis of data for 191 ICU patients found that with standard vancomycin dosages the
recommended AUC0-24/MIC breakpoint for S. aureus is rarely achieved unless the patient
has renal failure or is over 65 years of age. Otherwise, the daily dose needs to exceed 3
grams. This study also emphasized the need to consider agents other than vancomycin when

methicillin-resistant or glycopeptide-intermediate S. aureus strains are involved [41].



For the aminoglycosides, which are concentration-dependent antibiotics, the efficacy
target seems to be a maximum serum drug concentration (Cmax) /MIC ratio of 10-12 [42]. A
single daily administration of 5-7 mg/kg of gentamicin is currently recommended, and a
similar approach can be used with amikacin (15-20 mg/kg/day) [43]. It is important to recall
that serum levels of aminoglycosides vary widely in critically ill patients, and increased
volumes of distribution may result in suboptimal peak levels [44]. Almost all the participating
units gave aminoglycosides once daily, but in light of the above findings, the most frequently
reported doses (15 mg/kg/day and 3-5 mg/kg/day for amikacin and gentamicin, respectively)
are probably too low to reach the optimal PK-PD target. In contrast, levofloxacin and
ciprofloxacin (the only fluoroquinolones available in Italy) were generally used at maximum
recommended daily doses: levofloxacin 1000 mg (58%) in 2 doses or 750 mg (25%) in a
single daily dose; ciprofloxacin 1200 mg (44%) or 800 mg (32%) in 2—3 doses. These
regimens should produce an AUC/MIC ratio of about 125, which correlates with good

microbiological and clinical outcomes in critically ill patients [45].

Colistin has recently re-emerged as a last-resort treatment for MDR gram-negative
bacterial infections. In several PK-PD studies, its effects have proved to be concentration-
dependent, and AUC/MIC and Cmax/MIC ratios are probably the factors correlated with
outcome [46,47]. Around half the participating centers appear to be using this drug according
to the more recent literature in terms of daily doses (6 to 9 million IUs in 52% of the cases)

and after the administration of a loading dose (45%) (Table 4).

Almost all ICUs administered a fixed dose of tigecycline (100 mg loading dose
followed by 50 mg every 12 h). Regarding daptomycin, preliminary evidence suggests that
doses exceeding 6 mg/kg/day may be associated with more favorable outcomes [48], Around

21% of the 1CUs reported daptomycin doses exceeding the approved range (4—6 mg/kg/day).



Analysis of antifungal drug-prescribing practices revealed that most ICUs used
appropriate daily and loading doses of both the azoles and echinocandins. However, in 38%
of the participating units, liposomal amphotericin B was administered at a daily dose of 5
mg/kg despite clear evidence that doses above 3 mg/kg/day do not have an increased efficacy
in the treatment of invasive fungal infections [49]. Furthermore, roughly 20% of the units
reported using fluconazole at a daily dose of 12 mg/kg. This is a much higher dose than the
one recommended by standard guidelines, and even when it is administered empirically in a
critically ill patient with unexplained fever and a high risk for invasive candidiasis, it is

unjustified and inappropriate [34].

TDM is indicated for many azoles (especially itraconazole, voriconazole, and
posaconazole) [50]. Blood levels of antifungal drugs are characterized by broad,
unpredictable variability related to multiple factors, including patients’ age, genetic
background, compliance, gastrointestinal function, use of co-medications, and liver and/or
renal dysfunction [45]. Negative outcomes are associated with both antifungal underdosing
(treatment failure) and overdosing (toxicity) [50]. Unfortunately, real-time measurement of
antifungal drug blood levels is not routinely available, which may explain why voriconazole

TDM was not mentioned by our ICUs.

Our study has several limitations. First of all, our questionnaire did not by any means
explore all aspects of infection control. Second, although the sample surveyed is
representative of the Italian ICUs, the overall response rate was less than 40%, with even
lower response rates in certain questions. This raises the possibility of a selection bias toward
ICUs that are more concerned with the efficacy of their infection management policies and
procedures. Third, all of our data reflect self-reported behavior that may or may not coincide

with actual practices, and physicians often tend to overestimate their use of recommended



practices (tests, procedures, drug regimens) [51]. Given the last two considerations, certain
problematic areas in the ICU setting may have escaped our detection. On the other hand,
however, those that did emerge are likely to be realistic, and they may even underestimate

more serious and widespread issues.

Our survey indicates that certain resources and tools for infection control are being
underused in Italian ICUs, including MRSA screening and updated reports on local microbial
epidemiology. As for antimicrobial drug therapy, prescribing practices were generally
appropriate, but certain aspects deserve closer investigation, above all the widespread
preference for multi-drug empirical regimens, which in some cases seemed difficult to justify.
Furthermore, certain antibiotics were reportedly used at doses unlikely to achieve PK/PD
targets in critically ill patients, whereas inappropriately high doses were reported for certain
antifungal drugs. There is little evidence that practices of this type can be corrected by
guidelines, restrictive formularies, or other administrative measures, probably because they
usually stem from a lack of information [52]. Our findings will hopefully serve to stimulate
Italian ICUs to critically review their own infection management policies with the aim of

reinforcing the strong points and correcting practices likely to be less effective.

Conclusions

In this study, although infection control policies and management practices are
generally appropriate in Italian ICUs, certain aspects, such as the extensive use of multidrug
empirical regimens and the inappropriate antimicrobial dosing, deserve careful management

and closer investigation.



Key messages

e Considering the number, types, and locations of the 175 units that took part in our survey,

the sample is quite representative of Italy’s 450 ICUs.

e The majority of the participating units periodically performed surveillance cultures on

and after admission.

e Empirical antimicrobial drug regimens for specific infections were generally appropriate.
Combination therapy was preferred over monotherapy (sometimes without clear
justification), and around 70% of the centers reported using de-escalation strategies

during the treatment phase.

Abbreviations

AUC, are under the curve; CAP, Community-acquired pneumonia; Cmax, maximal
concentration; HAP, Hospital-acquired pneumonia; HCAP, Health-care-associated
pneumonia; ICU, Intensive Care Unit; MRSA, methicillin-resistant Staphylococcus aureus;
MDR, multi drug resistant; MIC, minimum inhibitory concentration ; PD,
pharmacodynamics; PK, pharmacokinetics; SIAARTI, Societa Italiana di Anestesia
Analgesia Rianimazione e Terapia Intensiva ; TDM, therapeutic drug monitoring; TDD, total

daily dose; VAP, ventilator-associated pneumonia.

Competing interests



MB serves on scientific advisory boards for Pfizer Inc., Merck Serono, Novartis,
Shionogi & Co., Ltd., and Astellas Pharma Inc.; has received funding for travel or speaker
honoraria from Pfizer Inc., Merck Serono, Novartis, GlaxoSmithKline, Gilead Sciences, Inc.,
Sanofi-Aventis, Cephalon, Inc., Bayer Schering Pharma, Janssen, and Astellas Pharma Inc.
RDG has received speaker honoraria from Astellas, MSD and Pfizer, serves on scientific
advisory boards for MSD and Pfizer and has received research grants from Novartis, Gambro
and Pfizer. TM has received honoraria from Angelini, Astellas, Eli Lilly, Janseen- Cilag,
Novartis, Pfizer, Sanofi- Aventis, Schering- Plough, Valeas and Zambon. GM has received
honoraria from Astellas , Merck Sharpe & Dohme, Gilead and Pfizer. NP received fees in the
speakers' bureau for Pfizer, Sanofi Aventis, Gilead, Myers Squibb, Janssen Cilag, Johnson &
Johnson, MSD, Novartis, and for scientifical boards for Johnson & Johnson, Carefusion,
MSD, Novartis. PV has received honoraria from Astellas , Merck Sharpe & Dohme, Gilead,
Pfizer, Novartis, Sanofi-Aventis, Therabel, Abbott, Viiv, BMS. GB reports no conflict of
interests. SLF is employed in Pfizer, Italy and has stock options of Pfizer. MA has received

speaker honoraria from Pfizer, Covidien and Gilead and research grant from Pfizer and Lilly.

Authors’ contributions

MB was involved in study design, conception, coordination, data acquisition, data /
statistical analyses and drafting the manuscript. RDG was involved in data acquisition,
drafting the manuscript, critically revising for medical content. TM was involved in data
collection, critically revising for medical content. GM was involved in data collection,
critically revising for medical content. NP was involved in data acquisition and data analyses.
PLV was involved in study design, conception and critically revising for medical content. GB

was involved in study design, conception and coordination. SLF was involved in study



design, conception and coordination. MA was involved in study design, conception and

coordination. All authors have read and approved the manuscript for publication.

Acknowledgments

The manuscript was edited by Marian Everett Kent, BSN and Elda Righi, MD. Both

MEK and ER declare no competing interests.

References

1. Bradley CP: Decision making and prescribing patterns — a literature review. Fam

Pract 1991, 8:276-287.

2. Goossens H, Ferech M, Vander Stichele R, Elseviers M, and the ESAC Project
Group: Outpatient antibiotic use in Europe and association with resistance: a

cross-national database study. Lancet 2005, 365:579-587.

3. Jones DA, Sweetnam PM, Elwood PC: Drug prescribing in Wales and in England.

J Epidemiol Community Health 1980, 34:119-123.

4. Singh N,Yu VL: Rational empiric antibiotic prescription in the ICU. Clinical

research is mandatory. Chest 2000; 117:1496-1499.

5. Sintchenko V, Iredell JR, Gilbert GL: Antibiotic therapy of ventilator-associated
pneumonia—a reappraisal of rationale in the era of bacterial resistance. Int J

Antimicrob Agents 2001; 18:223-229.



10.

11.

12.

13.

Paterson DL: Restrictive antibiotic policies are appropriate in intensive care

units. Crit Care Med 2003, 31(Suppl.):S25-28.

Vincent JL: Nosocomial infections in adult intensive-care units. Lancet 2003,

361:2068-2077.

American Thoracic Society, Infectious Diseases Society of America: Guidelines for
the management of adults with hospital-acquired, ventilator-associated, and

healthcare-associated pneumonia. Am J Respir Crit Care Med 2005, 171:388-416.

Sandiumenge A, Diaz E, Rodriguez A, Vidaur L, Canadell L, Olona M, Rue M, Rello
J: Impact of diversity of antibiotic use on the development of antimicrobial

resistance. J Antimicrob Chemother 57:1197-1204.

Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, Moreno R, Lipman J,
Gomersall C, Sakr Y, Reinhart K; EPIC Il Group of Investigators: International
study of the prevalence and outcomes of infection in intensive care units. JAMA

2009, 302:2323-2329.

Leone M, Martin C: How to break the vicious circle of antibiotic resistances? Curr

Opin Crit Care 2008, 14:587-592.

Nicolau DP: Current challenges in the management of the infected patient. Curr

Opin Infect Dis 2011, 24 (Suppl 1):S1-10.

Rossi C, Nava L, Bertolini G: Progetto Margherita: Promuovere la ricerca e la
valutazione in Terapia Intensiva: Rapporto 2010. 2010, Bergamo: Sestante

Edizioni.



14,

15.

16.

17.

18.

19.

Baba H, Nimmo GR, Allworth AM, Boots RJ, Hayashi Y, Lipman J, Paterson DL:
The role of surveillance cultures in the prediction of susceptibility patterns of
Gram-negative bacilli in the intensive care unit. Eur J Clin Microbiol Infect Dis

2011, 30:739-744.

Viviani M, Van Saene HK, Pisa F, Lucangelo U, Silvestri L, Momesso E, Berlot G:
The role of admission surveillance cultures in patients requiring prolonged
mechanical ventilation in the intensive care unit. Anaesth Intensive Care 2010,

38:325-335.

Edmond M, Lyckholm L and Diekema D: Ethical implications of active
surveillance cultures and contact precautions for controlling multidrug resistant

organisms in the hospital setting. Pub Health Ethics. 2008; 1,235, 245. 2008.

Huskins WC, Huckabee CM, O’Grady NP, Murray P, Popetskie H, Zimmer I, Walker
ME, Sinkowitz-Cochran RL, Jernigan JA, Samore M, Wallace D, Goldman DA, and
STAR*ICU Trial Investigators: Intervention to reduce transmission of resistant

bacteria in intensive care. N Engl J Med 2011, 364, 1407-1418.

Nair N, Kourbatova E, Poole K, Huckabee CM, Murray P, Huskins WC, Blumberg
HM: Molecular epidemiology of methicillin-resistant Staphylococcus aureus
(MRSA) among patients admitted to adult intensive care units: the STAR*ICU

trial. Infect Control Hosp Epidemiol 2011, 32:1057-1063.

Weber SG, Huang SS, Oriola S, Huskins WC, Noskin GA, Harriman K, Olmsted RN,
Bonten M, Lundstrom T, Climo MW, Roghmann MC, Murphy CL, Karchmer TB:
Legislative mandates for use of active surveillance cultures to screen for

methicillin-resistant ~ Staphylococcus aureus and vancomycin-resistant



20.

21.

22.

23.

24,

25.

enterococci: position statement from the Joint SHEA and APIC Task Force. Am

J Infect Control 2007, 35, 73-85.

Parks NA, Croce MA: Routine Screening for Methicillin-Resistant Staphylococcus

aureus. Surg Infect (Larchmt). 2012, 13, 223-7.

Caggiano G, Puntillo F, Coretti C, Giglio M, Alicino I, Manca F, Bruno F, Montagna
MT: Candida colonization index in patients admitted to an ICU. Int J Mol Sci

2011, 12:7038-7047.

Posteraro B, De Pascale G, Tumbarello M, Torelli R, Pennisi MA, Bello G, Maviglia
R, Fadda G, Sanguinetti M, Antonelli M: Early diagnosis of candidemia in
intensive care unit patients with sepsis: a prospective comparison of (1-3)-beta-

D-glucan assay, Candida score, and colonization index. Crit Care 2011, 15:R249.

Reinhart K, Meisner M: Biomarkers in the critically ill patient: procalcitonin. Crit

Care Clin 2011, 27:253-263.

Saeed K, Dryden M, Bourne S, Paget C, Proud A: Reduction in antibiotic use
through procalcitonin testing in patients in the medical admission unit or

intensive care unit with suspicion of infection. J Hosp Infect 2011, 78:289-292.

Jensen JU, Hein L, Lundgren B, Bestle MH, Mohr TT, Andersen MH, Thornberg KJ,
Loken J, Steensen M, Fox Z, Tousi H, Sge-Jensen P, Lauritsen Ad@, Strange D,
Petersen PL, Reiter N, Hestad S, Thormar K, Fjeldborg P, Larsen KM, Drenck NE,
Ostergaard C, Kjeer J, Grarup J, Lundgren JD; Procalcitonin And Survival Study
(PASS) Group. Procalcitonin-guided interventions against infections to increase
early appropriate antibiotics and improve survival in the intensive care unit: a

randomized trial. Crit Care Med. 2011, 39, 2048-58.



26.

217.

28.

29.

30.

31

Layios N, Lambermont B, Canivet JL, Morimont P, Preiser JC, Garweg C, Ledoux D,
Frippiat F, Piret S, Giot JB, Wiesen P, Meuris C, Massion P, Leonard P, Nys M,
Lancellotti P, Chapelle JP, Damas P. Procalcitonin usefulness for the initiation of
antibiotic treatment in intensive care unit patients. Crit Care Med. 2012, 40, 2304-

9.

Gomes Silva BN, Andriolo RB, Atallah AN, Salomdo R: De-escalation of
antimicrobial treatment for adults with sepsis, severe sepsis or septic shock.
Cochrane Database of Systematic Reviews Issue 2010, 12 Art. No.: CD007934. Doi:

10.1002/14651858.CD007934.pub.

Paul M, Benuri-Silbiger 1, Soares-Weiser K, Leibovici L: Beta lactam monotherapy
versus beta lactam-aminoglycoside combination therapy for sepsis in
Immunocompetent patients: systematic review and meta-analysis of randomised

trials. BMJ 2004, 328:668.

Paul M, Leibovici L: Combination antibiotic therapy for Pseudomonas

aeruginosa bacteraemia. Lancet Infect Dis 2005, 5:192-193.

Safdar N, Handelsman J, Maki DG: Does combination antimicrobial therapy
reduce mortality in Gram-negative bacteraemia? A meta-analysis. Lancet Infect

Dis 2004, 4:519-527.

Lodise TP, Graves J, Evans A, Graffunder E, Helmecke M, Lomaestro BM Stellrecht,
K: Relationship between vancomycin MIC and failure among patients with
methicillin-resistant Staphylococcus aureus bacteremia treated with vancomycin.

Antimicrob Agents Chemother 2008, 52:3315-3320.



32.

33.

34.

35.

36.

37.

38.

Sihler KC, Chenoweth C, Zalewski C, Wahl W, Hyzy R, Napolitano LM: Catheter-
related vs. catheter-associated blood stream infections in the intensive care unit:
incidence, microbiology, and implications. Surg Infect (Larchmt) 2010, 11:529-

534.

DiPiro JT, Cué JI: Single-agent versus combination antibiotic therapy in the

management of intraabdominal infections. Pharmacotherapy 1994, 14:266-272.

Pappas PG, Kauffman CA, Andes D, Benjamin DK Jr, Calandra TF, Edwards JE Jr,
Filler SG, Fisher JF, Kullberg BJ, Ostrosky-Zeichner L, Reboli AC, Rex JH, Walsh
TJ, Sobel JD; Infectious Diseases Society of America: Clinical practice guidelines
for the management of candidiasis: 2009 update by the Infectious Diseases

Society of America. Clin Infect Dis 2009, 48:503-535.

Morrell M, Fraser VJ, Kollef MH: Delaying the empiric treatment of Candida
bloodstream infection until positive blood culture results are obtained: A
potential risk factor for hospital mortality. Antimicrob Agents Chemother 2005,

49:3640-3645.

Roberts JA, Lipman J: Pharmacokinetic issues for antibiotics in the critically ill

patient. Crit Care Med 2009, 7:840-851.

Novelli A, Adembri C: Pharmacokinetic and pharmacodynamic parameters of
antimicrobials: potential for providing dosing regimens that are less vulnerable

to resistance. Clin Pharmacokinet 2009, 48:517-528.

Lodise Jr TP, Lomaestro B, Drusano GL: Piperacillin—tazobactam for
Pseudomonas aeruginosa infection: clinical implications of an extended-infusion

dosing strategy. Clin Infect Dis 2007, 44:357—-363.



39.

40.

41.

42,

43.

44,

45,

Cooper TW, Pass SE, Brouse SD, Hall li RG: Can pharmacokinetic and
pharmacodynamic principles be applied to the treatment of multidrug-resistant

Acinetobacter? Ann Pharmacother. 2011 Feb 8. [Epub ahead of print].

Del Mar Fernandez de Gatta Garcia M, Revilla N, Calvo MV, Dominguez-Gil A,
Sanchez Navarro A: Pharmacokinetic/pharmacodynamic analysis of vancomycin

in ICU patients. Intensive Care Med 2007, 33:279-278.

Revilla N, Martin-Suérez A, Pérez MP, Gonzalez FM, Del Mar Fernandez de Gatta
M: Vancomycin dosing assessment in intensive care unit patients based on a
population pharmacokinetic/pharmacodynamic simulation. Br J Clin Pharmacol

2010, 70:201-212.

Mazzei T: How pharmacokinetic-pharmacodynamic (PK-PD) parameters

influence antibiotic use. J Chemother 2006, 18(Congress Report 2):19-21.

Nicolau DP, Freeman CD, Belliveau PP, Nightingale CH, Ross JW, Quintiliani R:
Experience with a once-daily aminoglycoside program administered to 2184

adult patients. Antimicrob Agents Chemother 1995, 39:650—-655.

Drusano GL, Louie A: Optimization of aminoglycoside therapy. Antimicrob

Agents Chemother 2011, 55:2528-2531.

Drusano GL, Preston SL, Fowler C, Corrado M,Weisinger B, Kahn J: Relationship
between fluoroquinolone area under the curve: minimum inhibitory
concentration ratio and the probability of eradication of the infecting pathogen,

in patients with nosocomial pneumonia. J Infect Dis 2004, 189:1590-1597.



46.

47,

48.

49,

50.

51.

52.

Dudhani RV, Turnidge JD, Nation RL, Li J: fAUC/MIC is the most predictive
pharmacokinetic/pharmacodynamic index of colistin against Acinetobacter
baumannii in murine thigh and lung infection models. J Antimicrob Chemother

2010, 65:1984-1990.

Varghese JM, Roberts JA, Lipman J : Antimicrobial pharmacokinetic and
pharmacodynamic issues in the critically ill with severe sepsis and septic shock.

Crit Care Clin 2011, 2719-2734.

Bassetti M, Nicco E, Ginocchio F, Ansaldi F, de Florentiis D, Viscoli C: High-dose
daptomycin in documented Staphylococcus aureus infections. Int J Antimicrob

Agents 2010, 36:459-461.

Cornely OA, Maertens J, Bresnik M, Ebrahimi R, Ullmann AJ, Bouza E, Heussel CP,
Lortholary O, Rieger C, Boehme A, Aoun M, Horst HA, Thiebaut A, Ruhnke M,
Reichert D, Vianelli N, Krause SW, Olavarria E, Herbrecht R; AmBiLoad Trial Study
Group: Liposomal amphotericin B as initial therapy for invasive mold infection:
a randomized trial comparing a high-loading dose regimen with standard dosing

(AmBiLoad trial). Clin Infect Dis 2007, 44:1289-1297.

Andes D, Pascual A, Marchetti O: Antifungal therapeutic drug monitoring:
established and emerging indications. Antimicrob Agents Chemother 2009, 53:24—

34.

Lurie N, Manning WG, Peterson C, Goldberg GA, Phelps CA, Lillard L: Preventive

care: do we practice what we preach? Am J Public Health 1987, 77:801-804.

Burke JP: Antibiotic resistance — squeezing the balloon? JAMA 1998, 280:1270—

1271.



Table 1. Sample characteristics of the ICU center respondents.

Response rate 175/450 (38.8%)

Geographical distribution of ICU respondents

Northern Italy
Central Italy

Southern Italy

75/175 (43%)
56/175 (32%)

44/175 (25%)

Type of hospital

Teaching hospital

Non-teaching hospital

63/175 (36%)

112/175 (64%)

Hospital size

< 500 beds
500- 1000 beds

1000-1500 beds

85/175 (49%)
51/175 (29%)

15/175 (8%)

<1500 beds 24/175 (14%)
Type of ICU
Surgical 28/175 (16%)

Mixed ( Medical/surgical)

147/175 (84%)

Number of ICU beds

1-6
7-10
11-18

19-50

771175 (44%)
58/175 (33%)
33/175 (19%)

71175 (4%)




Table 2. Infection control and management practices in participating ICUs.

Practices

Use — no. (%)
a

Surveillance cultures

o on ICU admission 104/146 (71)
o after ICU admission 128/146 (88)
Regular reports on antimicrobial resistance profiles of organisms isolated in  66/151 (41)
the hospital
Automatic lab alerts when high-risk isolates are recovered ° 88/149 (59)
Nas_a_l-swab screening for MRSA and decolonization when cultures are
positive
0 Yes 24/151 (16)
o No 103/151 (68)
o0 In selected cases 24/151(16)
Quantitative cultures of tracheobronchial secretions 108/156 (69)
Samples cultured to diagnose pneumonia
0 endotracheal aspirate 79/162 (49)
0 bronchoalveolar lavage fluid 68/162 (42)
0 protected-specimen brush 15/162 (9)
Routine use of the Candida colonization index 44/148(30)
Use of the procalcitonin assay 100/152 (66)
Consultation of infectious disease specialists for infection management
0 Routinely 16/149 (11)
0 In selected cases 82/149 (55)
0 Rarely 36/149 (24)
o No 15/149 (10)

Use of antibiotic combinations for first-line empirical treatment of specific
infections




0 Community-acquired peritonitis 92/162 (57)

0 Early-onset ventilator-associated pneumonia (VAP) 107/162 (66)
0 Late-onset ventilator- associated pneumonia (VAP) 142/162 (88)
0 Community-acquired pneumonia (CAP) 113/162 (70)
0 Hospital-acquired pneumonia (HAP) 128/162 (79)
0 Health-care-associated pneumonia (HCAP) 138/162 (85)
0 Post-surgical peritonitis 133/162 (82)
0 Catheter-related bacteremia 107/162 (66)
0 Purulent meningitis 120/162 (74)
Therapy de-escalation when culture results are back 109/162 (67)

MRSA, methicillin-resistant Staphylococcus aureus. * Denominators represent the number of
ICUs that answered the specific question. ® High-risk isolates include MRSA, vancomycin-
resistant enterococci, extended-spectrum beta-lactamase-producing gram-negative bacilli,

Candida spp., etc).



Table 3. Antimicrobials most commonly used for empirical treatment of specific infections.

Infection / Drugs Frequency Infection / Drugs Frequency
no. (%)? no. (%)*
Early VAP (< 5 days) Suspected catheter-related bacteremia
Piperacillin/tazobactam 37/146 (25) Vancomycin 70/171 (41)
Levofloxacin 25/146 (17) Piperacillin/tazobactam 21/171 (12)
Ceftriaxone 19/146 (13) Meropenem 15/171 (9)
Late VAP (=5 days) Suspected candidemia and/or invasive candidiasis
Piperacillin/tazobactam 50/142 (35) Fluconazole 97/151 (64)
Meropenem 23/142 (16) Caspofungin 32/151 (21)
Ceftazidime 17/142 (12) Voriconazole 9/151 (6%)
Community-acquired pneumonia Community-acquired peritonitis
Ceftriaxone 421156 (27) Piperacillin/tazobactam 37/161 (23)
Levofloxacin 31/156 (20) Ampicillin/sulbactam 26/161 (16)
Amoxicillin / clavulanic acid 23/156 (15) Cefotaxime 16/161 (10)
Hospital-acquired pneumonia Postoperative peritonitis
Piperacillin/tazobactam 51/171 (30) Piperacillin/tazobactam 63/165 (38)
Levofloxacin 26/171 (15) Meropenem 46/165 (28)
Ceftriaxone 22/171 (13) Ertapenem 8/165 (5)

Healthcare-acquired pneumonia
Piperacillin/tazobactam
Meropenem
Ceftazidime

39/143 (27)
24/143 (17)
13/143 (9)

Purulent meningitis
Ceftriaxone
Linezolid
Cefotaxime

111/156 (71)
6/156 (4)
6/156 (4)

VAP, ventilator-associated pneumonia. ® Denominators represent the number of ICUs that answered the specific question.



Table 4. Most frequently used doses and schedules of antibiotic and antifungal drugs.

Drug / Administration Frequency  Drug/ Administration Frequency
no. (%) 2 no. (%) @
Vancomycin Ceftazidime
TDD: 2g 104/142 (73) TDD: 6 g 89/141 (63)
Infusion: Continuous 122/142 (86) 30 20/141 (14)
Other: TDM 94/142 (66) Infusion: Continuous 68/141 (48)
Schedule: 3 doses/day 64/141 (45)
Teicoplanin Ceftriaxone
TDD: 400 mg 43/110 (39) TDD: 2g 72/141 (51)
800 mg 32/110 (29) 49 45/141 (32)
Loading dose 86/90 (96) Schedule: 2 doses / day ~ 78/141 (55)
Once daily 64/141 (45)
Piperacillin/tazobactam Cefepime
TDD: 18.0 g 61/148 (41) TDD: 6 g 51/141 (36)
1354 41/148 (28) 49 28/141 (20)
Infusion: Intermittent 61/148 (41) Schedule: 3 doses/day 75/141 (53)
Continuous 55/148 (37) 2 doses / day 66/141 (47)
Prolonged (34 hours) 33/148 (22)
Meropenem Levofloxacin ”
TDD: 3 g 62/138 (45) TDD: 1000 mg 81/139 (58)
6g 26/138 (19) 750 mg 33/139 (24)
_Infusio_n: Prolonged 65/138 (47) Schedule: 2 doses / day ~ 90/139 (65)
intermittent
55/138 (40) Once daily 49/139 (35)
Intermittent infusion
18/138 (13)

Continuous infusion

Imipenem

Ciprofloxacin °




TDD: 2g 66/135 (49) TDD: 1200 mg 61/138 (44)
3g 28/135 (21) 800 mg 44/138 (32)
Schedule: 4 doses /day 99/135 (73) Schedule: 2 doses / day ~ 70/138 (51)
3 doses /day 36/135 (27) 3 doses/day 68/138 (49)
Amikacin Fluconazole
TDD: 1g 65/120 (54) TDD: 400 mg 77/137 (56)
15¢ 13/120 (11) 800 mg 25/137 (18)
Schedule: Once daily 106/120 (88) Schedule: Once daily 104/137 (76)
2 doses / day 33/137 (24)
Loading dose 114/137 (83)
Gentamicin Voriconazole
TDD: 240 mg 35/120 (29) TDD: 8 mg/kg 56/137 (41)
160 mg 18/120 (15) 4 mg/kg 271137 (20)
Schedule: Once a day 106/120 (88) Loading dose 125/137 (91)
Daptomycin Anidulafungin
TDD: 6 mg/kg 70/137 (51) TDD: 100 mg 94/124 (76)
8 mg/kg 29/137 (21) Loading dose 119/124 (96)
Linezolid Caspofungin
TDD: 1200 mg 128/132 (97) TDD: 50 mg 114/127 (90)
Infusion: Intermittent 111/132 (84) Loading dose 126/127 (99)
Tigecycline Micafungin
TDD: 100 mg 130/134 (97) TDD: 100 mg 105/128 (82)
Schedule: 2 doses / day 133/134 (99)
Loading dose 131/134 (98)

Colistin

Intravenous

Amphotericin B

TDD:




TDD: 6,000,000 1U 29/107(27)

9,000,000 IU 27/107 (25)
Schedule: 3 times/day 65/107 (61)
Loading dose 48/107 (45)

Aerosol
TDD: 3,000,000 IU 36/107 (34)

Schedule: 3 times/day 61/107 (57)

Liposomal
3 mg/kg
5 mg/kg
Lipid complex
5 mg/kg
3 mg/kg

61/127 (48)

48/127 (38)

54/101 (53)

29/101 (29)

TDD, total daily dose (intravenous unless otherwise stated); TDM, therapeutic drug

monitoring. ® Denominators represent the number of ICUs that answered the specific

question. ® Levofloxacin and ciprofloxacin are the only fluoroquinolones available in Italy.
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